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| NNER SURFACES BACKGROUND OF THE INVENTION 1. Field of the Invention [1]
The pregedood/mvesst i on rel ates generally to etchi ng semPCrOs2904/040865
substrates, and nore particularly, tBesystems and net hods for plasma

et ching sem conductor substrates. 2. scription of the Related Art [2] In
general, the manufacturing of the integrated circuit devices (in the form
of sem conductor substrates and wafers) includes the use of plasm etching
chanbers. The plasma etch chanbers are capable of etching selected | ayers
on the substrate as defined by a photoresist mask. The plasma etch

chanbers a configured. t j r g4 I

chem stri e%k%ﬁmmw§$ e aﬁmmg l@ﬁ:‘é or nore
el ectrodes of the plasma etch ciSyTRITACHS pressure inside the plasnma etch
chanber is also controlled for the particular process. Upon applying the
desired RF power to the electrode(s), the process gases in the chanber are
activated such that a plasma is created. The plasna is thus configured to
performthe desired etching of the selected |ayers of the sem conduct or
wafer. [3] Low volatilitygyRGReSsorrermINdNeEON N sone prior art plasma
etch processes. By way of exanpl€, 1nh a copper etch process using chlorine
cont ai nihg gdtdd of éheginyer@ion and HC ), the byproduct is CuCx. Cul x is
non-vol atile at roomtenperature. The low volatility byproducts typically
condense[1pn tTie pedsamiievential telies Pemeraily te atching semivenduriohsubsiyaiese ang mere

byproducts bui] d-up on the ¢ er walls..Eventually roduct s

bui | d- upPHFTEP)C‘;IJ%J5’(:%’r“‘g%ici3 S ?’{%’irﬂ%ﬂ%&’r pﬁ'?glat??/c&ngcf ﬁ%%cogéjﬁc%Oégﬁ%HE%gn begins to
"flake" off of the_chgggehefvzl I%‘g and is therefore becones a significant
parti cl e?sourReEcriniien ¢ Relakd A%n contaminate the substrates bei ng et ched
in the chanber. [4], Recognjzing that. the inter.nal .sur.fac of .t he pl asna
etch chalber Ig@@l%ggp@gg}gmgfgc’rg!ﬁ% Ogﬁﬁﬁﬁatﬁdﬁgc?ﬂg%cgﬁén%%gﬁ PEn designed to
permi t t&gﬁ&b%@u&& SbERES ahd RhRS) DRSS the YE b PRasmy\OcRAQ ThAEHR0 SThe

PCT/ US2004/ 040865 2 disks, rings, and cylinders. Because thgnse | i ni ng
parts arpasendiigthesdens grecogpdbilaye of as defined by a

photoresist mask. The plasma etch chambers are configured to receive processing gases (i.e.,

1gr§p]§§tﬁﬁlayers on the subsirate

etch chemistries) while a radio frequency (RF) power is applied to one or more electrodes of
the plasma etch chamber. The pressure inside the plasma etch chamber is also controlled for
the particular process. Upon applying the desired RF power to the electrode(s), the process
gases in the chamber are activated such that a plasma is created. The plasma is thus

configured to perform the desired etching of the selected layers of the semiconductor wafer.

[3] Low volatility byproducts are produced in some prior art plasma eich processes. By
way of example, in a copper etch process using chlorine containing gases {e.g., C12 and
HCI), the byproduct is CuClx. CuClx is non-volatile at room temperature. The low-
volatility byproducts typically condense on the chamber walls. During each plasma etch
cycle, the byproducts build-up on the chamber walls. Eventually the byproducts build-up to
a certain thickness. The byproduct build-up then begins to “flake” off of the chamber walls
and is therefore becomes a significant particle source. The particles can contaminate the

substrates being etched in the chamber.

[4] Recognizing that the internal surfaces of the plasma eich chamber are exposed to the

plasma, the chambers are often designed to permit the use of simple lining parts, such as,




over the substrate being processed, these parts are continuously exposed
and attacked by the processing plasm energies. Due to this exposure,

t hese pwa mosibé7ioesmat el y erode or accunul ate pol yner bupCdugzoon/e4863 i ng

repl acenent or thorough cleaning. Howgver, the cleaning and/or replacenent
costs of these lining parts can becone very expensive both in actual cost
and in |lost production tine required for the cleaning and repl acenent. [5]
In view of the foregoing, there is a need for a system and net hod of

subst ant j.al | el impatin [l o i I ui I d-up
on tho. viifesinge ey pieth bRl 1t A AR o k] AR BB |
Broadl y &penkisitgiratebeinphesentd, iitesepdrisare dontiuslyesposadadistibgkegbypviedi ng an

i nproved systemfor processing.a substrate. 1t shoul d be appreciated that
the preSEPROSTRRRIATHAOFCES Hive 19 5 BRI BPHPHE H@F’bﬁﬁ%‘ym@% ?lp&ﬁ'ﬁl\f}aﬁeng as a
Process, , Ain & BRAGR! HIuirfg $8pHc8Mtnt ©O THRLIuGH clehBAEl albwe Wk dhdcleadingamdeyi Ce.

Several ‘I nventive enbodi nents of the present invention are described
bel ow. [fEpla@mentenstsdif theae lining parigan became Nery cspensive baldn pgfual cetiped at e. The

met hod HQ%#%f'Q%)th%9%h&%%ﬁ%?%9§%&§£§ac@%@a&mﬂﬁﬁs”a chanber and setting a

pressure pl asia c er pre-determ ned pressure set point.

Mul tiple.jnner_ surfaces that define : a
processﬁﬁb tgﬂﬁ@?ﬁ#ﬁ@%émﬁpﬁgﬂggg?ﬁﬁg%d?%qﬁ 1%%?§§“§%§%°fﬁ@&%ﬁ§§ zone to
forma qnasdmgpadiclehenanihetionfemitypiodes ésiddp ol the vilo ofths iplagms eteher at ur e
can be greater than about 200 degrees (e.g., between about 200 degrees C
and abod@m@bﬂldegrees C or a higher tenperature). [8] The nethod further

i ncl udes drawi ng a byproduct vapor from. , zone through a cold
trap to condense the bypr Ehﬂﬁ'vgﬁiﬁ?rap. The cold trap has a

tenperature of at |east about 50 de relst vcool r. than the processing
t enper atl@l e. Brogdlysnsalengithpressat 1§1€P@§PIF g’(l%t%E%?ﬁleP YUeviding gR ")TBPrf’YFéi

substr at @gglggfg{;gﬁééﬁ%g% 5 E&g,sé.&tes f St be‘%f%?re@ia&ﬁ thed e G elifFtnibh &maRPPer film

on the su the 1nner surtfaces defining the plasnma zone to
t he pr ocepkinmgtetidnpenebuy waysancliding esckeproedshtaniappPargus askatdmacemphter he

o b S S Se BB S GG e RVBBRRUR! vaPor 0

described below. .

[71 One embodiment includes a method of processing a substrate. The method including
Joading a substrate into a plasma chamber and setting a pressure of the plasma chamber to a
pre-determined pressure set point. Multiple inner surfaces that define a plasma zone are
heated to a processing temperature. A process gas is injected into the plasma zone to form a
plasma and the substrate is processed. The processing temperafure can be greater than about
200 degrees (e.g., between about 200 degrees C and about 400 degrees C or a higher
temperature).

[81  The method further includes drawing a byproduct vapor from the plasma zone
through a cold trap to condense the byproduct vapor in the cold trap. The cold trap has a

temperature of at least about 50 degrees C cooler than the processing temperature.

[91 Processing the substrate can include etching the substrate. Processing the substrate
can also include etching a copper film on the substrate. Heating the inner surfaces defining
the plasma zone to the processing temperature can include maintaining a surface of the

substrate at a second temperature sufficient to canse a byproduct vapor to condense on the




surface of the substrate to deposit a filmon the substrate. The second
tenperature is about 50 degrees C cool er than the processing tenperature.
[ 10] Thewopwessbsoer m ned pressure set point is |ess tharCEHUSW8HMO8G5C
pressure. The pre- determined pressurg set point is within a range of about
1 niforr and about 500 niforr. [11] The plasma chanber is a small vol une

pl asma chanber. The small vol une plasnma chanber includes a first

el ectrode. The first electrode formng a chuck for supporting the

substrate.. A second el ectrode i I ' . ! de being
deposed SUERE: Sugyae %ﬁ%ﬁsﬁglfﬁ?gmt% eegup %:&raggg 3%330{6583%&1 iﬁeggsga(c:b%{rlltg

el ectr oo®) d%gi'eBQC@&ﬁeﬁBaﬂﬂﬂe fooessing isnpefaaces. The first el ectrode and second
el ectrode beéing separated by a predeterm ned distance. The predeterm ned
di stancgpp aGeate-deeriddPaRaeb sdb pbineie losatbat hintbsphezimppnshrabDhe pre5 cm  The
smal | vol unme_pl asma chanbeéer includes a _hot |i nfr,@gn rei trﬁ) hot I|i ner
forms a defpominednresfirg $e6Pntip Afithing rgpee qf gkout d mpkoreand a f’litzﬁ%o Cessing the
substrate includes a stress free planarization wherein the substrate is
pat t er nddl] hde plpsma clkavehse isiasmall yolymeghasaa chamber iThs spall volppge Rlafes pl e

features| iy LN RAL h%ﬁ? electlOf, GREBHE blbMdb RiBEGONAREE (FREFokifls (RAVI NG an

overbura%lﬁ portion having at [east one non- uniformty. The stress free
pl anar i zabitar. iNsdcowtbdeqiloda frdlwiindudele Thyectnd detropobdinpdeppsedt i ncl udes
depositing an additjonal |l.ayer on t overpurden portion_and planarizing
the addVPHEHAlY PH t%ﬁﬁ ﬁf%gf%‘irf&eb&ﬁ%l%eﬁo oeﬁ?clgrc?ﬁ‘? Qef"‘_ﬁ%‘_mé:’ao i'tional | ayer
bei ng subsh@Rt TR fidkt Q8 hid scE @R Bodd beifpepdrabdby Z piegetpmonegiss. [ 13]
Anot her enbodi nent provides a small volunme plasma chanber_ that, includes a

first edigerceodes predricrminadidisinee isegenl 4 HFENE! BEEHHAROF I CUBBAFNg t he
Subst 1 at e, ArpeGOR o GhEGhLANS e ahafiss REbUdRs ki 8R98NEhekgaL nOde bei ng

deposed suU trally pa to the first electrode. The first el ectrode
and secqnaial edcierpicelitysf npesepacat ed by a predetermined distance. A hot
liner is also included. The hot liner and the second el ectrode forma
portion [12f Sesessilg thandstrae ifchdesa ttiest frabgflinagzatiop vehsrein the pebstraip &

predeterm ned, di stance is.equal to ra . Of tween ab. cm and
about 5 Wmf%g‘fw’%%cgf#ﬁ??veaﬂﬁe{fﬂ%mﬁarﬁ%t%ﬁgﬁén %@88%\%% rgsolgﬁlec& 168 a col d
trap. TheheGohdhictivaRtdd@inigt nBwkibl ieiviatah yvabolded périanbivires 4t twagirons uof-aces t hat
define the plasma zone to substanti a]IPI 3ause_ a_ pl alisnr’rad[ebégr.odg}(j#i vapor to
condensemifgrmite Tdwisgess fisg plapprzation e fi%;”p? qrarigige e qyeroyrdep ROTPn zone by
a passaggem o d@&@ﬁiu@% QB 5al ‘[aMQﬂé SAARGRN portion and planarizing the

additional layer and the overburden portion. The additional layer being substantially entirely

removed in the planarizing process.

[13] Another embodiment provides a small volume plasma chamber that includes a first
electrode, the first electrode forming a chuck for supporting the subsirate. A second
electrode is also included. The second electrode being deposed substantially parallel to the
first electrode. The first electrode and second electrode being separated by a predetermined
distance. A hot liner is also included. The hot liner and the second electrode form a portion
of several inner surfaces that define a plasma zone. The predetermined distance is equal to a

range of between about 0.5 cm and about 5 om.

[14] The small volume plasma chamber can also include a cold irap. The cold trap being
sufficiently cooler than the inner surfaces that define the plasma zone to substantially cause a
plasma byproduct vapor to condense in the cold trap. The cold trap is coupled to the plasma

zone by a passage.




4 [15] Another enbodi nent provides a nethod of form ng a sem conductor
device including |loading a patterned substrate into a plasm chanber. The
subst r atw® tasdemgon conductive interconnect material fPCTURZOL@4086%]
features in the pattern. The conductiye interconnect material having an
over burden portion having at | east one non-uniformty. A pressure of the
pl asma chanber is set to a pre-determ ned pressure set point. Miltiple
inner surfaces that define a plasma zone, are heated to a processing

t enper at of greater.than a s is injected
into the[liéleam%?wf&g?%n?%rpﬁgvé&g#tﬁe%ngog #ﬁe %uabc‘ssf?{ﬂr‘f&ao;Pl g&lq(gls%?r%gessed whi ch

i ncl udesin§ipaink RAJAR apdkirhddnBdtrateiyiera Masntatvharokeer Bhe sbsirgobavimna  and

pl anari zi ng the_ additional | a%(%;l and e overﬁlurdlgn pihti (1)@. The additi onal
| ayer Dbetonguctize Bisregrnpct majerightijling sgye a1 e PR SRR PRy pr ocess. A

bypr oduq}lﬁyc%gggct ﬁlagﬁa;tﬂaﬁn% g}é %gée}ﬁina riich 15 AWt lelt OH@RordmGRAity.r Ap t o cause

t he byproduct vapor to co n the cold trap. The, conductive
i nt er conpresstreri therplasina chamben i sgtfie agsppeermipeigyesyie spimegienMultiplernsion

provi des smal | .vol u | asma . ¢ I L } rfaces
capabl e 56'%%%%?‘?6 d?ﬁﬁf&’i%‘?ﬁ’lagf’? S arﬁnrhl%%ﬁﬁ {}ﬂﬁgég%l%%{é%n%b%b%? %fcégghg‘fxrr%ﬁt enper at ur e
toI ;anlsy@{b@uﬂMﬁegypgom@bgesamrisinj?ﬁpémb aielmasbryt?pnﬂmdonwaplama.][}"&hﬂ ng at! O}N
volatility, wil]l not  condense o e inner s aces, so as to rmparticle
cont ami n#PFLENe 8 rncessed whigh }n"a‘\.‘i‘ﬁ {‘]?é‘?’?lgtaﬁ éd‘ﬁ{}?ﬂag%ﬂ%ton %%Wego%éeél g ?‘5)\?\?“ avay
fromt hgarﬁ?%gﬁziﬁé)ﬂ% 280 Horta 94 Fhe SRiberdeh pprivheTi: dddeidayeyed beihg vapor s
can condense. The cold trap is sufficiently phéSl cally i %g%nghed t hat

parti cl esibtartinty cigyrely mem e dethe PEDAAIRORIOCES- A BPredust ¥aRgy gially

pr event ed . £1 AL 1 BLA! 108%chQ ol NGB UPBREAKE bARLAR: PHRERSAtkned itk The

pr esent PRVEon provi e€ an advant age of Substantially mnimzing the
parti cl ecol@yeme riciconative ineswhtéchattiblsian tclrde opppani nation. This is

achi eved by substantially elimnating condensation of plasma chem stries
on the ip6pr Bupkaessnwehtidhropkesnanahalier plasnGohduhediaviog nivtidé rected in a

cold trap that_is at least partiall si.cal isolated f pl asma
Cone. [ topercnrieres sppkle CLopES oA gBAEY el § Bl S AR o
appar ent ofsh QR Bforoduet YApeksNEspeeIB) Hy?ﬁ')dd&&ﬁlﬁdrphdvﬁﬂg a Tosds@tutility, sdijetnct i on

w th the acconpanying diawings, illustrating by way of exanple the

pri nci pl ewderse phdhejipnge frfases sORRIEPTPRaERe PP ERTEHO PBRAW NGS WO

2005/ 067005 PCT/ US2004/ 040865
{17] Further, the byproduct vapors are drawn away from the plasma zone and through a

cold trap where the byproduct vapors can condense. The cold trap is sufficiently physically
isolated that particles formed by the condensed byproduct vapors are substantially prevented

from migrating to the substrate being processed.

[18] The present invention provides an advantage of substantially minimizing the particle
generation and resulting substrate contamination. This is achieved by substantially
eliminating condensation of plasma chemistries on the inner surfaces of the plasma chamber.
Condensation is directed in a cold trap that is at least partially physically isolated from the

plasma zone.

[19]  Other aspects and advantages of the invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,
illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS




5 [20] The present invention will be readily understood by the foll ow ng
detail ed description in conjunction with the acconpanyi ng draw ngs, and

| i ke retvey mozaes7oasrer al s designate |ike structural el ePERNUS2004/240B65i gure 1A
shows side view of a small volunme plasnma etch process chanber, in
accordance with one enbodi nent of the present invention. [22] Figure 1B is
a flowhart of the nmethod operations for etching a substrate in the plasm
chanber descri bed above, in accordance with one enbodi nent of the present

i nventi [ Fi gure 2A sh ] ISdns in a
dual da(r)Fg%]ceﬁi‘la BF’JB%EEE’ T walg\é\%rr gﬁ@%ﬁ%&#@ﬁﬁgﬁ@eﬁ %g#grtgg{aﬂof t%\ﬂeﬁ%rﬁesent

i nvent i A codjdftliofriviili i RBorBfayag driwaigy) dridditareftrmyemusdddddeasignaie Gk dance

wi th one enbodi nent of the present invention. [25] Figure 3 shows a
substant%?Wlﬁ‘PléﬁF&F- over burden portion in accordance with one enbodi nent

of the present invention, [26] Fi gure 4A shows the substratbe havi ng

under goridlla FéguembA st siflg VYo allyolume RIPHRR-FA REPESSS GHELEHbdi ment of

the present iVeatioQlembailhediofth SrdB $iRod he substrate having under gone
a barrier renoval process 1n accordance with one enbodi ment of the present

| nvent | 0[22 | %l[ i@%raeﬂo%éhgrt Br b %ﬁroge@{ioﬂsl?& deidodneneiahimns of
g‘ a“rocal” p in

perform l'anart zat1 on, ccordance with one enbodi nent of the
present glayarhimber de8bedibyue, dsa@ordeBestitvens evdgdimsaofdhic prarent cal

conversi.on and etch-back processes applied to a substrate to increase

| ocal urdPY®HA*ty, in accordance with one enbodi nent of the present

invention. [30] Figure 7 is a flowchart of.the .nethod, operation t he
cheni cal[28lon &8s & shave aé{a&tﬁpec{)%f:g&c 8%18]'3%18%1%63 Iaidg%)l dtalgﬁgcels]%}%%f f gﬁ}Ie to

i ncr ease k. R8ace WahfoRE Bitbdbimbd o2 g6 Pisdanceventioh one enbodi nent of the
present 1nvention [31] Figure 8 is a flowhart of the nethod operation of

correct i{E@]t 9!1@@3& 219 Qs in a0 AbAAl 8Fer ddRePRGREGAMEE W bie @itodanbadt tent of
t he present invention. WO 2005/ 067005 PCT/ US2004/ 040865 6

present invention.

[25] Figure 3 shows a substantially planar overburden portion in accordance with one

embodiment of the present invention.

[26] Figure 4A shows the substrate having undergone a second etching process in

accordance with one embodiment of the present invention.

[27] Figure 4B shows the substrate having undergone a barrier removal process in

accordance with one embodiment of the presént invention.

(28] Figure 5 is a flowchart of the method operations of performing a local planarization,

in accordance with one embodiment of the present invention.

[29] Figures 6A-6D show a sequence of chemical conversion and etch-back processes

applied to a substrate to increase local uniformity, in accordance with one embodiment of the
present invention.

[30] Figure 7 is a flowchart of the method operations of the chemical conversion and etch-
back processes applied to a substrate to increase local uniformity, in accordance with one

embodiment of the present invention

[31] Figure 8 is a flowchart of the method operation of correcting global non-uniformities

in accordance with one embodiment of the present invention.



[32] Figure 9 shows a substantially renoved, planarized overburden portion
in accordance w th one enbodi nent of the present invention. DETAILED
DESCRI PwioNo£B67003E EXEMPLARY EMBODI MENTS [ 33] Sever al BPXENRI0@#/94086000di nent s
for an inproved system and nethod forgperformng a plasnma etch process on
a substrate wll now be described. It wll be apparent to those skilled in
the art that the present invention nay be practiced wthout sone or all of
the specific details set forth herein. [34] One enbodi nent provides a

pl asma anbrvmth i

capaci tﬁé@l y%t%lfﬁ)f ‘1“*1\?%{"?/‘1 tﬁ1er szﬁer{ gégg&g%g@ ?ﬂltgl%gé%ﬁ%l? vol une
pl asma %ﬁihﬂéfé&ma@iﬁnehﬁof&wﬁm@naﬂvén}ﬁoﬁnnll that the inner surface area can
be easily heat ed to an el evat ed tenperatur s 3 Mgareater t han about 200
degrees Q The SLIE1 s : E QRIBIENER i al |y prevent
a low volatili ty bypr oduct from condensing on the inner surface. The

capaci t ijgg| ysemﬁlegehlﬁ&ymmmmiszfmmmnpmsd piatesd dndlmgthest fospdifovining a narr ow
gap between them The parall el at e rma t d ctrodes with
the substlasg el QRS LTIPFHE ‘86]'[110 ?Heeé%f %dg%éﬁg ?@g}%‘g{é‘@# g’ctrode

si tuat edi1gH ¥ Bb Qﬁ €hat aletptb@en% ivkags iy tdigactisetbeiticil omd or dllhifshe
configuration, the top and bottomel ectrodes forma majority of the inner
surface Sa¢£e@3d€[t@¥§]seﬂfpﬁh|h@emA shows side view of a small vol une plasma etch
process chanber 100, in accordance with one enbodi ment of the present

i nventi dMl AQselsbedimentyeviaesiamlsprsichesanberviiy imlsdy ege b‘“ﬂ%@? 84t chuck

102 t hatu%cﬁl Oascgra\él )Rfeﬁi 1% gd RPLHPD %lggﬁ%fgﬁﬂﬁf aced 816a GRHE kmAPdonnh@n be an

el ectro ocus ring 1 so be included in the bottom
el ectr oqﬁasm[a&ﬁh cﬁmb@%sx@@fsmlyamell et the émedsitfacrauga g@sbﬂ@@ﬂlydﬂ@aﬂe@ tugh an -

inlet port 126. The ess ases tl rou a . pl ate
106 and HiTHBHSH EPIERS [ e TP RO (hBES Of ape B sgdhyfis 2
baffle Qhﬁk?en@%@ugétéﬂﬁﬂﬁﬁévén‘ﬂglc@ﬁﬁolﬁtilﬁ%yp'fbtﬁlcbﬁérhIcenﬁhaﬁgoﬂﬂﬁ hamn be
separated fromthe to ectrode 104 b | ow co E?lg]té@gbel ectric 116 (e.g

quartz, sorfeqsl gﬁIGPﬂPaC@ﬂ@lYFOWdtR%PIa%WWFH usegypasy IRt M ISst ant | aI ly

connecte p botfine Skt desd ih Bk shb@kmel |y. A
pl asma ng]ﬁe&f}f%ﬁlh%&f g#ﬁggﬁ%él%ghe%fﬁgaggf?ned by the topesel egtrode 104,

t he bot tsiimated ecthe dbdiori elzciacrdd apdhthe hept elédtnede sitvpied vayeloga & the srides ofbp|

di spers eubstra?e t]ltl]ﬁ'll.g con%lguratz ion n%e%é‘p%nd%tt&%%?&&@c?e@ Rl qgéjgﬁap%&ﬂﬂ§65

surface area.

[35] Figure 1A shows side view of a small volume plasma etch process chamber 100, in
accordance with one embodiment of the present invention. A substrate 108 being processed
is clamped to a heated chuck 102 that also serves as the bottom electrode. The chuck 102

can be an electro-static chuck. A focus ring 122 can also be included in the bottom

electrode.

[36] Process gases are delivered from a gas source trough an inlet port 126. The process
gases flow through an optional baffle plate 106 and through a perforated “showerhead-type”
top elecirode 104, The baffle plate 106 disperses the gas flow. The bafile plate 106 can be
separated from the top electrode 104 by a low contact dielectric 116 (e.g., quartz, insulator,
etc.) so that the baffle plate 106 is not substantially connected to the tope electrode 104 either
electrically or thermally. A plasma zone 114 is formed by the volume defined by the top
electrode 104, the bottom electrode 102 and the hot liner 124. The gas flow is well dispersed

in the plasma zone 114,




7 [37] The top electrode 104 and the bottom el ectrode 102 are separated by
a distance d of about 0.5 cmto about 5 cm In one exenplary enbodi nent, d
i s equaWwa moshenes 2 cm The top el ectrode 104 can be eCDpSz40@865 gr ound
potential 112 and the bottomelectrodge 102 coupled to the RF source 110 as
shown. In an alternative enbodi-nent, the bottom el ectrode 102 can be
coupled to the ground potential 112 and the top el ectrode 104 coupl ed the
RF source 110. The RF source can have a frequency of between about 400 kHz
and abo 60 . . The S C out 100
vol ts aﬁéﬂabgﬁ‘FWé(féﬁu\%Eﬂ@. mﬁ%&:}%ﬁjﬁl%éé%ﬁ‘g tlfabr2 \r%gét %e?%’itg%%gﬁ%ﬁg‘d téﬁe pl asma
chamber 98 ocadn heateans tgu keshei sReraplprysimboginidnt, donéquglioabow3.crl. rilehe
push-pull configuratiaon, both the tap el ect.rode, 104 and e om

Bl 6 Fodep slgzrodp d0pewichesanlsd prpesrindpotmta 119780 e beRER ke b Cons i t e
push- pul Jy, lgtPEJthQRF abred 1 BAR shotid, B lan bREHAR ¢ eABoGiaRAS tHeibdRorA felethigde

| ow vol atllfe y-products on the to el ectrode 104. As described above, the
deposi t i 168 caf betaphled yo {he grhwod gotenfial AE andgheton eleptseris 104 gaugled the REj or concern

since it _is j to th rf : RUS MsRbkd

conf i gursﬁﬁcggi(gﬁ%%f% uécr?ﬁgl?h%@ %ﬁﬁm%#g%ﬁ%‘gé%oa\%e%égaﬁgm a single RF
source Mz The RAissurcpeimibapind Volfdge afinfweagnrbatt 400 voliseng bbamB0@btodiat i al i s
reduced to one half, which allows the plasma to be nore easily confined in

the pl agp® zengn difednativdShbddi@e e phsngamabec KD dae bheartfipdredyn Mpeshpl asna
bonbardnent. |f a higher tenpera ure,isbr%ﬁﬁjoé!ed t.0 regﬁgt dﬂﬁ%ﬁsri;“ on of
the byprivéhseretsHionnn theResh- f9oRH@raon, b0t e jop 818 ‘&{({dF po Tt heaters
can be ?@Eﬁﬂ&’@sz‘dﬁeﬁ&@‘erw@ 8k Retshaes TiR4purtrigtioni 8¢ inkRdpushgtmeen t he

el ectrodes Is electrically heated to prevent any _deposition on the liner.
The hot cohfigrestiohz4n fathehedimsdbedrpatition eifbeloweplitdebspiodectheibei® or ot her
types of .hea urgce , I Liss ' NERlctSRURLS B elRBodtot |1 ner
124 can %‘TCEIS&% rvésad%sé%ﬁggbsor‘r’gng%% ioélltel?r%ﬁftjét arrier ° defi ni 5 a c;))I asma zone
114 f or ned ibeiape toriche shep ités pokinatheo Tsurfateesubgitateoii8e [The prabdwll1 02 and t he

hot liner. _The hot liner 12 an he manuf actured .fr a_pl st ant
mat er i al CONfGAIRION RASHA a%&erjpﬁﬁ?“r?gsooqe Lt VA Lﬁotma%fnéglﬁa 5?&3?2@0%?%% with
pl asma rggh shAk chalSistlon, thdBlsthopaentiakie idudsd/owse halg viogipdiowk idlem can be
etched using a chlorine containing gaseous__ species. In such a use, the

mi ni mum Rlestade he moee asily eaniined infbglesmazope 1140t | jner 124, top el ectrode
104, and bottom el ectrode 102) that are around the substrate 108, shoul d be
bet ween [BBoutTheporcess gadss Gan a@é@b’é@*sl’l@mahon’_tbﬁ’éiﬁeﬁ%ﬁ_ﬁ%%ﬂre range the
etch by %%%g%%&%?e is h&&dld to r?ek\%%&elpgﬁgorpém b)&ﬂﬁﬁﬁﬂzﬁ bh HRSnAd stlfRe BlcASHE ar e

vapori ze surficie por pressure '
additional electric heaters can be embedded in the top electrode 104. A hot liner 124

between the elecirodes is electrically heated fo prevent any deposition on the liner. The hot
liner 124 can be heated with embedded resistive heaters or other types of heat sources (e.g.,
hot oil, radiant heat source) The hot liner 124 can also serve as a plasma confinement barrier
defining a plasma zone 114 formed between the top electrode 104, the bottom electrode 102
and the hot liner. The hot liner 124 can be manufaciured from a plasma resistant material

(e.g., quartz or alumina or any suitable materials coated with plasma resistant layers).

[40] Inan exemplary use, a copper film can be etched using a chlorine containing gaseous
species. In such a use, the minimum temperature for all surfaces (e.g., hot liner 124, top
electrode 104, and bottom electrode 102) that are around the substrate 108, should be
between about 200 to about 400 degrees C. At that temperature range the etch byproducts

(e.g., CuClx) and other chemistries in the plasma are vaporized at a sufficient vapor pressure



WO 2005/ 067005 PCT/ US2004/ 040865 8 and can therefore be punped out of the
pl asma zone 114 in the plasma etch chanber and out of the outlet ports
116. Aswihzpos/esmpes at ure is increased, the volatility oPCT/N8200#p408¢5s

chem stries and byproducts in the plagna also increases. As a result,
vapors having a low volatility (e.g., copper etch byproducts) can be nore
efficiently evacuated fromthe plasma zone 114 as the tenperature is

i ncreased. Because the low volatility copper etch byproducts are nore
effectivel

y_eyacuated. then ' raf i et i.,d-up of
the et chdfs %&8@305 ¥ E%%m%ee ﬁu%@P@%%a;%ogg ! gfﬁttﬁéet lgf}%és;%%? zon exrl‘%g O:Hg
subst antdsaid snileeshreads. Adie térhpestrme lidintreasad,dies wtlatddy oftat vadiuke 400 degr ees

Cis cited herein_js an exenpl ar er tenperature limt,. the chanmber is
ot | | m eSS AnBOMREEEAn tho g3tna 8P HIE o o BTl WPOTIBHIEF G

t emper at ik o3 %b;?;ﬁ-g etcBYyphaducRh caRMMre efficfendly Bakbdiedth@h tRigdniy product
did -not have a sufficient vapor pressure until heated to 500 degrees C,

t hen t hezope bbeasshetsmpbraiure isdurrersise Begause Bedeiv volafldxicapper ek brrredisees C.
Tenper at ure i 0 . - Al 1. contrast,
p em%reheff%&%rel% %@&a?e%é%hc ﬁ%ﬁgﬁlﬁg il BBy Bﬁﬁég% Lfg@% oibh).

a typicéF prior art asma Is too large to ectively
heat ed thypR@QcidagiciaserCuengts af the phshea zwed 1posubdamtielly tadecadnner surface of
the prior art plasma etch chanber is sufficiently cool enough that the
et ch byp@odudi shoald e aaddsosetthanchilee0e degreds|Gyis loiied kibreip issamcbxbipleey of f |

t hereby becom ng a particle contam nat.jqn ce. The, typical plasnma etch
proces g @PmPgéwqq%|¢$%%%s B WB&?@ t‘g(fog iegrecs éﬁmﬁ 88%@ h% ﬁ?f’}éaatﬂ & as
descri beg; ARAMRr tehipEraBhé I dBUMRHOBYGlaS of SRR dRBeiclr bR bl pRASI f aces,

near the substrate, and cause particle contam nation. [43] Because the
et ch byprobHureta setfciont vepor Brepsyve wabl baajadite 900 dagrech Calligh thetEefesHa®EY can  be

(i o1 e B S8 B . R B e oppor

pl asma etl@bepsatess can be operated at a range of about 1-500 mlorr. [44]
A cold trap 120 is included adjacent to the hot |iner 124. A narrow passage
126 t hrjaggh I benthast a typivel prio? 4rt pbawsph esh thwenbet msomlazgerie bd édeciivelir t he col d

trap 120. gases and_ the etch byprodu vapor i.s ed out .of the
bl abia. dsAEL A0 e e ByRPERRALOU AR trednieg e PhPR TR TR d -t ap
120 and SuasMamBstis sfFRcionlyl @bl @Rt EShtkRs dvh Bpeodats BRY éondedPand 144. Much of
the etch byproduct condenses in the cold trap 120. As a result, the etch
eventually build-up and flake off, thereby becoming a particle contamination source. The
typical plasma etch processes occur at less than 100 degrees C (e.g., 60 degrees C) and as
described above, the etch byproducts can condense on the inner surfaces, near the subsirate,

and cause particle contamination.

[43] Because the etch byproduct CuClx has a low volatility, the plasma etch process can
be accomplished at a pressure less than or equal to about atmospheric pressure (i.e. less than
or equal to about 1 Torr). By way of example the copper plasma etch process can be

operated at a range of about 1-500 mTorr.

[44] A cold trap 120 is included adjacent to the hot liner 124. A narrow passage 126
through the hot liner 124 couples the plasma zone 114 with the cold trap 120. As gases and
the etch byproduct vapor is pumped out of the plasma zone 114, the etch byproduct vapor is
drawn through the cold trap 120 and drawn out the outlet ports 116 by one or more pumps

‘ 144. Much of the etch byproduct condenses in the cold trap 120. As a result, the eich
byproduct graduaily builds up on the surfaces of the cold trap 120. Any particles (e.g., flakes




byproduct gradually builds up on the surfaces of the cold trap 120. Any
particles (e.g., flakes WO 2005/ 067005 PCT/ US2004/ 040865 9 and ot her | oose
et ch bypiOouo®o67pid | dup) that formin the cold trap 120PCEHHABZN4/849863 y
mgrate back to the plasma zone 114,9 and therefore to the substrate 108,
due to the relatively small w dth of the narrow passage 126. By way of
exanpl e, the narrow passage 126 can have a w dth of between about 5mmto
about 20mm In this manner the particles are sufficiently physically
separated.,fromthe [ : Lial LAR el e

cont ani R4} ?%Ff%?sgseﬁcﬁtt S’ﬁ}ad@tg% t %{hgT %ggrr? %tg té?\lal%?%rl %E@g@é&tﬂi@]ﬁ {é-reigi cold
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sufficiently cool to cause the etch_.byproducts to conde . cold trap
120 can "B of HigmaRpy paqsess %e%yf"?aé'r?f F’Kagnpﬁee eé“&”ﬁ‘gtp??sg%esf%fca{l%%pal asna
chanmber 189 o88ctlBat abbiieseakslaioufPommi Il thsenaminer therpatieled irabifficiendt er t han
the heated portions ( nore than about 50 degrees C cool er,, for

e.g.,
exanpl e physicetly seperatadtiram fhesubsrated 8 i sbstaniislly plipmatepgiticlageniRaynalen exanpl e
the col dUIt%E%O%z&eé@HE%%CﬁQﬁJI &y coupled to the wall of the chanmber 100

or the ERUCKEhOUST N so’‘that the cold trap 120 will renain

appr oxi ely, th a e r . i I chanber
100 or 1h0 ce i BAL T RS o eolRa b lfpy (ERRAR) byfRetl ana rdBE O
t he pl asamEcRhENchadaese thOfcl bypraducadcangenper The A8 rafr b2 dsotbeom el ect r ode

1-2 can be lowered in the chuck housj 42 aor the,bhot liner 4 can be
lifted (eergally iBglated frf’%‘rtge Ii@f?}i 8FIoEy H%‘iﬂgafé%?@‘ﬁﬁ?&? Lot eocifjl}aﬁ%apsubst rate
| oadi ng Al demdin bita@hinly26618SHat e hBRedprEsR (ZgNMofkltan {bdd] S0RdegtieeC113 is a
fl omchart of the nethod operations 150 for etchinhg a substrate jn the

pl asma chelahér eroupladiaythe ket Lingold and Hesubtsl¥8s BY VAY SiE2@nsde nent of

t he presept, i ' [ B3t rRBudkhoigaded into
t he pl asc(rgrfaa% al%%%ﬁﬁf%@ﬁﬁg%?@p@ﬁég{ﬁg It%@%cgglgigﬁ;mpo%t 128) . OThggl oadi ng

port cari4aksthabibe céldsrepl 12bwilprremspprogimately dw saop empeiagnc a6De a pressure

522LE?bé%%a%%§§%ﬁp£3%%?%5%e%9@%%?%??%1‘%?%ﬁ%fﬁh%"‘ﬁté“& acma chamber 100 s ea ec
. i . . |
any t emidtlar tresBrs bty ahsanabresra B SRR 0 RIPERE RS T O

of the desi TReLcHRACI&I0dAS-2d88 B¢ ichetbdah méehudkioasiag p4iesr thd bit linpridgess usi ng

a chlorine containing %aseous et chant speci ?s, thg EroceSfi 9]% t enper at ure
is can be lifted (e.g., by lifters 130) or combinations thereof to provide Substrate loading an

unloading access to the plasma zone 114.

[47] TFigure 1B is a flowchart of the method operations 150 for etching a substrate in the
plasma chamber 100 described above, in accordance with one embodiment of the present
invention. In an operation 155, the substrate is loaded into the plasma chamber 100 (e.g.,
through the loading port 128). The loading port can also be closed for processing. In an

operation 160, a pressure inside the plasma chamber 100 is adjusted to the desired set point

as described above.

[48] In an operation 165, the plasma chamber 100 is heated to the required processing
temperature. The processing temperature can be any temperature sufficiently high enough to
provide sufficient volatility of the desired species. As described above, in a copper etch
process using a chlorine containing gaseous etchant species, the processing temperature is
about 200 degrees C or even higher (e.g., about 230 to about 400 degrees C). If the intended

process is an etch process, then ail inner surfaces exposed to the plasma zone 114 are heated




about 200 degrees C or even higher (e.g., about 250 to about 400 degrees Q
If the intended process is an etch process, then all inner surfaces
exposedwmures7pdsasma zone 114 are heated WO 2005/ 0670BET/RENWSHEH/ 040865
10 to the processing tenperature. Injiphe alternative, if the intended
process is a deposition process, then all inner surfaces exposed to the

pl asma zone 114, except the substrate 108, are heated to the processing
tenperature. Heating the inner surfaces to the processing tenperature can
be acconpl,i shed by formn j e AGAEY ioRy actively
heati ng ﬁh§P5%°FFSHYL%teI§B?r? t!al%é?l\%letad E&?‘%ﬁs‘{%’s%fit&\%e@er adi éi(i%&g? égtéphdg{uo? pes of

t her mal £ ¥hes @l e Ssurfafeb@kpdsad Brthoplesrad Taun 114,@xcdphthepnistiateos Ogames are
injected into the plasma chanber_ 100 and a et.ch deposition) plasma is
for med. Depicdip BpBICSESSHR thaWﬁeHE%@ﬁ%heﬁeéfmg%:ﬁsoéQﬁ%? %rﬁgesg%%er ation is

per f or Mgy pdrAnRlaf be RicBBpRea 8y f@mingt@asaladhieglahezond I @byhaivesnay a
portion o? the surface of the substrate 108 that js exposed to the plasna.
By way dRatingthpraiougsurfisppeith Feaifste. wdiynisg ot Bef Hyhamehim6reY S8 ESnt ai ni ng
speci es causing CuC x byproducts to be vaporized in the plasma. [50] In an
oper at i da9]180y att drerdtipprigdube proa@bg@e%auwgeégmaﬁ@ Rirssarhanberd0@pda pl asma

zone 114 _and.thr.ough,the.c I : hanber 100
by the pettﬁ]fg(fnéﬁlepfﬂﬁc.’lgﬁtlas éﬂzéssﬁhge(%olﬁtg?%&%@ﬂﬁg’ ?/%tr;%]ﬂ%gt{r%%%grﬁgycondense on
t he rel ajpermabyisgedbmsads faaedciofg ¢deetion) the etthinpclikdGstryadchichewdyppatioct vapor s
are drawn through the gol d tpr ..In thi g%ﬁgn er gubstaptg al Ileyaall of the
parti cl &8 thasyrfachRf tresupsile Sg&tﬂst'ﬁ%{p%s(?ﬁ BE B proddet” Vipsrs®are fornmed
away fr%ﬁﬁ FayePIbe SHEEEHES IR chginfighsédatauskBCiCix dypodaes odbe AS a
result, the particle contam nation of the substrate 108 is substantially
el i mi natvagorideg i1} the plagma.oper ati on 185, the etching (or deposition) operation

is ended. The etching (or deposition) operation ends when a desired result
i s achi d5@ld. IBgn opeyatioh 18R.dhpbprodupieraperp erdgdseare AREnER tBHPBSEHING ti ne

has bee chiheve a i i In an
operati gﬁifﬂg,ﬁ’r‘f’%&%&%‘%@fﬁ?& %ﬁ%@%ﬁtﬁo@%%g %?%?hétlﬁgggfhae rrapgsgggn%er 100
and t he arthosparen af thebgpredudt vipb]coenbeeont thercddiivvly cesdauphess ofithe coldscri bed
in ternms of copper, etch processes wth | orj.ne basgd e nts, the
present tfﬁi?vl@ﬁﬁsék‘le YOIyt EpoF ?Igdﬁfivgl %{)Dblﬁgﬁwé:?,cd{%g ) %B@ISV\%%/I%% exanpl e a

pl at i NuUNg,BRLRTIIRA 60ME farbEleethenied teyaadhl of ireoaddsabybaniuanapots de gases.

O her etchant species can include HBr, H, ?Q 3 an(a CF4.
formed away from the inner surfaces that the substrate’ 108 is exposed to. As a result, the

particle contamination of the substrate 108 is substantially eliminated.

[51] Inan operation 185, the etching (or deposition) operation is ended. The etching (or
deposition) operation ends when a desired result is achieved. By way of example, the
operation ends when an etching time has been achieved or when a desired end point has been

achieved. In an operation 240, the substrate 108 is removed from the plasma chamber 100

and the method operations end.

[52] While the above examples are described in terms of copper etch processes with
chlorine based etchants, the present invention is not limited to copper etches. By way of
example a platinum material could be etched by chlorine and carbon monoxide gases. Other

etchant species can include HBr, HI, BCl; and CF,.

[53] Inan alternative embodiment, the chamber 100 shown in Figure 1A can also be used
to perform chemical vapor deposition (CVD). In a CVD operation, the chuck 102 may be

cooled heated so that the vapor species will deposit on the substrate 108 mounted on the



[53] In an alternative enbodi nent, the chanber 100 shown in Figure 1A can
al so be used to performchem cal vapor deposition (CVD). In a CVD

oper at | W 200ff@s7005uck 102 nay be cool ed heated so that PEHESEHBH086ecCi es
w || deposit on the substrate 108 noypted on the WO 2005/ 067005

PCT/ US2004/ 040865 11 chuck 102. By way of exanple, an organic filmcan be
deposited using C2134 or C2H2 as precursors. I n another CVD enbodi nent, a
copper filmcan be deposited either thermally or usi ng pl asma assi st ance

on the s te 108 and i rly i IS

removed “E‘r‘%nllr@ ?y Z?’éa% %{élrc %@%gn ?Io& BSI{GP %]S?# &t@zl}%%gr surface

can be Gir@anes. Itsidigkr ﬁlelémbodilﬁem,ra @pparcﬁmrcen b@d&msmﬂdraghmthmmﬂy orThe

pl asma chanber 100 can be used to ger({.orm a S tres freeagr gr& r| zation or
187, an RS
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one enb nment present invention. The substrate 200 _has _ been
patterneﬂmgacb@memabmm@mﬁ@éﬁt rReA dlesle GhanrksT pPcade stiA as a dual

damascene . manuf ac url pattern the

substr at (?rfﬁlﬁ'i‘) SRR %Z%S‘nyl ncl %’g%%go Es;l&& &é%fr?femhat i sol ated
feature ench Vi a ated feature
204 and [5% %eéﬁ“g? %ts% %%mf%s glg(}n}eju%%%%g%t%%%)gag oget ﬁé o2 A barri er

layer 2}fodess ialaSedrdaned H'dEdnc dihilsodbrasnt béﬁhe pmyer idthtidns Tﬂlypuhsahﬂe)w&h@ﬁ fferent

material than the substrate 200 or a nductive int concﬁ_lelc mat er| al 220
The condger P%ﬂ}eﬁﬁéP%?ﬁfE%femﬁcﬁ’@B?t?rép ﬁpﬁoée%?c%%ﬁs ‘iﬁ?ﬁ?&? "oy o
ot her copdielohi s FRicelki al madiRah bédNised VepF R sybsttt 200. 2012 sabsttateez000Nnduct i ve

i nt erconnect mmat er| al 220 extends above the features 202, 204, 206 and
i ncl udesndudes edwendomgvha isalaterdents R (4 Britensh.ala, oipg 2 smaller, $9mewdiec kness of

the over, bgrt & Pelat%% 34490 q 5deral ﬁs‘mﬁ&cﬁhe 0B that B8 d%ﬁegﬁ{) ackRabtifr 202.RR% @

correspdﬁ ecfease I1nt t hi cknes f the overburden portion
212 as qg)ywa[(eﬂ also mdlﬂnhd.s Th barierfigat tleis B@icallwh ddferdnh srateris] thyhthpy snal | er

variation in thickness of the over urde ortian el y packed
f eat ur esTUDHBIGOLT § COUPSHIFRICTREPE %’38”11 kr?glsego%cﬁw% egggc\(/)er ﬁrden portion

M [561 JM&E&QEO@&PJ&&ﬁ?&%?@@@e@]@?d memm@ummmeﬁmu on 212 of the
conductive interconnect material 220 at a fairly uniformrate over the

entire Waker Bf fRrRRnpRRIAMAY 8f thbeonduidieGalerceintat ﬂﬁﬂeﬁd&l@Q&%ﬁteﬂﬂsl | expose
the barrier layer 210 near the | arge feature 202 before the@lg rler | ayer

210 nearabpyrethe dratets208a0de 206G @éﬂ%ﬁl‘é@s ogreesppndingdacalizeregigtions 6 t he
typical 218 in thickness of the overburden portion 212. As shown, the larger feature 202 has a

corresponding larger decrease in the thickness of the overburden portion 212 as compared to
the smaller feature 204, which has a slighily smaller varjation in thickness of the overburden
portion 212. The densely packed features 206 have a somewhat increased thickness of the

overburden portion 212.

[56] Typical etch processes etch the overburden portion 212 of the conductive
interconnect material 220 at a fairly uniform rate over the entire wafer area and therefore the
typical etching process will expose the barrier layer 210 near the large feature 202 before the
barrier layer 210 near the densely packed features 206 will be exposed. In sum, the typical

etching process carmot planarize the overburden portion 212 of the conductive mterconnect

maierial.

[57] Figure 2B shows an additional layer 222 added in accordance with one embodiment

of the present invention. The additional layer 222 is formed on top of the overburden portion



etching process cannot planarize the overburden portion 212 of the
conductive interconnect material. [57] Figure 2B shows an additional |ayer
222 addew tans/ecroex dance with one enbodi nent of the prBESENS2004040863 on. The
addi tional |ayer 222 is forned on topggof the overburden portion WO

2005/ 067005 PCT/ US2004/ 040865 12 212. The additional |ayer 222 can be a
substantially planar fill material (e.g., spin on glass (SOG,

pol ysilicon, polymer resist, bilayer, Wor thermally curable material, or
ot her erd al .1hat can I Nngh: Wh has t he
appr opr i et[jg?ﬁ‘i’ﬁtl% al féﬂgrzg(b:? é(Ia}{rllgegdtSifut(:igst .tﬁ%\%b %%tﬁiﬁélﬁdﬁt,&rﬁger%f %\1/12?1 %/gltg hin (e.g.,
about 25S00H), puRsilitoh,Hobkiee ssjst, bilmfen Tabr thermpdly caatle meperal, sooter i ncl uded

bet ween t he additi opal Ifayer 22lsglgd th g}/grburden Eé)rﬁti ch}gn212. The

conf or nePateral diat sansflowaio 19Em 3 PRR3Y ?°°|a3§8’ G PSS AR AL EYSr . The

conf or mgly, ab@ﬂﬁfosﬂ% Gﬁﬁnﬁ! JeQWay Wil @z, \4dbuteisyl 00 natigiEkiks) coifaimatan be
used for tmi'ue addi'tional | ayer 22)2(. ?5_8] The additional |ayer 222 and the
over bur deyer p&4 miap als@ b nhlded betwepndheadditignaljayer 12%4ndthe QuerEdenpofPiso that a

subsequejy dg&@é&gﬁ#g@g@ﬂ%gn&ab @3 O anQAREMSLRE CInPiRERRE) can  etch

both the ron and the overburden portion 212 at

subst antlagdr g4 tdaelloanewidemtaicty[of SlateFnlg tinb c@ behveedkion thewdditioral laye1 322p| anar
over burden portion 212" in accordance with one enbodi nent of the present
i nvent i oF8] Bertaugditibhe layekdizbiand e ovaperde?pRtifoR Idshae s ghisstaatiallyal: I gtch pl anar
surface over the stack of Ia% rs 200, 210, I212, 2226 a,fi rscge §tc%5ﬂi ng
process AR sedhatppubseaent g“%ﬁﬂf’?ﬁs% £ lagpa or 85500 e} Sfhur den 212
over t heetaﬁdtﬁ Fre AlG RN dybr 22D Qnd HREREBIAEN FOESDRTIE Ruleitialth@dadne | S
substantially locally pl-anar in that the local variations 214, 216, 218

are substagntially elimnated. [60] A typical recipe would involve
conditions that provide a 1:1 etch selectivity between the additional

| ayer 22B9hndigire3 sheysambeantiply plapsy oyarpurdgy pegaon 812 dageprdance;vith gpg

addi tional, |layer 2 1 d erLBUEAEN 1R ob O bdubsaft@per . then
a hal oge?{nktog‘%efnfo %F?r P‘?‘%’Fn’t 'l])atggagﬁgéé%gm&is{t ry agr ovi des et (l:lh ratgpcont rol
for bot hplide sie@ce aser'tied stackof bgapee0, R0, 24| 8% 4 st ¢tcinnpiprobes cathe desired 1:1
selectivity. Atho

ad ool Sl oS 22 PRy gr en S SR e dRene

process RaLARRIRESHERR phriod di Y5 RFsthdialPicild) plaiae i thattBsSlocs ehdaionyi t y,
uniformty and reduce corrosion include variation of process vari ables

such as 3dhals 3t eare srpsantiellr dimgpaded ncl usi on

i60] A typical recipe would involve conditions that provide a 1:1 etch selectivity between
the additional layer 222 and the overburden portion 212. By way of example, if the
additional layer 222 is SOG, and the overburden portion 212 is copper, then a halogen (e.g.,
Cl, F, Br, 1) based chemistry provides etch rate control for both the SOG as well as copper to
allow for tuning for the desired 1:1 selectivity. Although any plasma feed gas producing
reactive halogen radicals can be used, CF4, CI2, and HCI are typical examples. Various
process parameters can be adjusted to control etch rates, selectivity, uniformity and reduce
corrosion inclode variation of process variables such as substrate temperature and inclusion

of one or more additives (e.g., Ar, H2, Cl, 02, CH3X (X =F, Cl, Br, I), CH2F2, and CHA4).

[61] Another approach involves a sputter dominant etch with Ar or other inert gas such as
He; Xe, Ne, K, as the primary etchant of the copper overburden portion 212 with other
additives to provide etch rate control of the additional layer 222 and passivation of the top

surface of the remaining copper 212. The other additives can include, for example H2 and/or



of one or nore additives (e.g., Ar, H, d, 02, CHBX (X =F, d, Br, 1),
CH2F2, and CH4). [61] Another approach involves a sputter dom nant etch
Wi t h Arwar20050€003 nert gas such as He, Xe, Ne, Kr, asPEHESHO#/A#08¢5 et chant
of the copper overburden portion 212 jaith other additives to provide etch
rate control of the additional |ayer 222 and passivation of the top
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fills the features 202, 204, 206.

[64] The first etching process and the second etching process can be substantially similar
or significantly different. By way of example, the first etching process can be an etching
process for improving the local planarity of the overburden portion 212 due to local non-
unifonﬁities 214,216, 218 (e.g., caused by feature 202, 204, 206 locations, sizes and
concentrations in underlying layers). The entire additional layer 222 and a portion of the
overburden portion 212 can be removed in the first etching process. By comparison, the
second etching process can be a much more selective etching process that removes the bulk

of the remaining, planar overburden 212’ to the endpoint (i.e., when the barrier layer 210 is
exposed).

[65] Figure 4B shows the substrate having undergone a barrier removal process in

accordance with one embodiment of the present invention. A portion of the barrier layer 210
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[67] In an alternative embodiment, operation 515 can also include a finish etch process as
described above. Subsequent processes after the finish etch can include selective barrier
removal and passivating the remaining conductive material 120 to prevent corrosion and
provide stability for further processing. An additional operation after the finish etch process
can be designed not to significantly remove any material but only passivate the remaining

conductive material 220 to prevent corrosion and provide stability for further processing.

[68] Figures 6A-6D show a sequence of chemical conversion and eich-back processes
applied to a substrate 600 to increase local uniformity, in accordance with one embodiment
of the present invention. Figure 7 is a flowchart 700 of the method operations of the
chemical conversion and etch-back processes applied to a subsirate 600 to increase local
uniformity, in accordance with one embodiment of the present invention. As shown in
Figure 6A, the substrate 600 has a substantially non-planar overburden portion 602 with non-
planar surface profile 606, similar to the substrate 100 described in Figure 2A above.




[ 68] Figures 6A-6D show a sequence of chem cal conversion and etch-back
processes applied to a substrate 600 to increase local uniformty, in
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the contours of the overburden portion 602. A Cu-halide can also maintain a substantially
1:1 etch-back selectivity with the copper overburden portion 602. Operations 705 and 710
can be repeated multiple times to substantially planarize the overburden portion 602 to
subsequent profiles 606' and 606", as shown in Figure 6D, until the resulting profile is
substantially planar.

[72] Chemical conversion of copper overburden portion 602 wtilizing shape dependence of
compound formation can be typically achieved by oxidizing the copper at the Cu-reactive
species interface. Copper oxidization in this instance can include a chemical conversion of
elemental copper to a copper compound with copper in a positive oxidation state. By way of
example, oxidation of the copper to cuprous- or cupric chloride (CuCl or CuCl2) at the

surface can occur in a chlorine plasma at lower temperatures (e.g., < 200 degrees C).




substantially planar. [72] Chem cal conversion of copper overburden portion
602 utilizing shape dependence of conpound formation can be typically
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Si gnal Separation Usi nu(% Eddy Current Ly
and removal of the bulk of the overburden portion 602.

[76] The local planarization of the substrates 200, 600 can be determined through any one
or more of several known layer thickness mapping technologies that are known in the art. By
way of example, an eddy current sensor can map the thickness of the overburden portion 212,
212’ as described in commonly owned U.S. Patent Application 10/328,912 entitled System,
Method And Apparatus For Thin-Film Substrate Signal Separation Using Eddy Current by
Gotkis et al., filed on December 23, 2002 and U.S. Patent Application 10/251,033 entitled
System And Method For Metal Residue Detection And Mapping Within A Multi-Step
Sequence by Gotkis et al., filed on September 19, 2002, which are incorporated by reference

herein, in their entirety.

[77] The methods and systems described in Figures 2A-7 above describe various
approaches to substantially eliminating local, pattern dependant non-uniformities in an
overburden portion. However, methods and systems described in Figures 2A~7 above do not

directly address correction of global non-uniformities. Global non-uniformities can include




CGCotkis et al., filed on Decenber 23, 2002 and U.S. Patent Application

10/ 251,033 entitled System And Method For Metal Residue Detection And
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19, 2002, which are incorporated by rneference herein, in their entirety.
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current process shamber). A0l it RRRLA%BAISER o kBN ithiRelH dynam ¢
' identify and quantify any global non-uniformities in the planarized overburden portion. The
planarized overburden portion can be mapped with any one or more of several known layer
thickness mapping technologies that are known in the art as described above. The mapping
can be in situ (within the current process chamber) or ex situ (external to the current process

chamber). An in sitn mapping process can also be dynamic and allow for the subsequent

processes to be dynamically adjusted as the subsequent processes progress.

[81] In operation 820, the location and quantity of the global non-uniformities, as
determined in operation 815 above, are removed in a substantially mechanical stress-free
process by adjusting an etching process to address the specific requirements of the detected
global non-uniformities in a finish etch process. By way of example, if the remaining
overburden pbrtion 902 were approximately 500 angstroms thick in the center and 300
angsiroms thick on the edge, then the recipe can be adjusted such that the center to edge non-

uniformity can be compensated for so that the entire barrier layer 210 will be exposed



processes to be dynam cally adjusted as the subsequent processes progress.
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still sufficiently chem cal |y etching the nmask material. Any plasnma feed
gas mask material with high selectivity to minimize copper loss and minimize the copper recess.

By way of example, a halogen-based process where the halogen concentration is low and the

substrate temperature is low (e.g., less than about 200 degrees C} will maintain a low copper

etch rate while still sufficiently chemically etching the mask material. Any plasma feed gas

including halogen reactive species (e.g., CF4, C2F6, C4F6) can be used. Eich rate control

additives can include Ar, O2, CH2F2 and others can also be included.

[85] Ifthe global copper recess and/or mask/ILD loss are non-uniform across the substrate
at the end of the finish etch and final etch-back process, then additional variations in the
recipe must be taken to correct for the global non-uniformities. By way of example, typical
instances are a result of etch non-uniformity are described as center fast or edge fast etch
rates. In either of these instances, can result in a variation in copper recess and/or mask/ILD
loss across the substrate. Compensation can be achieved to counter this variation to obtain

globally planar features with minimal copper and mask loss utilizing appropriate uniformity
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t hat for[‘r%llgart of teﬁ%ei nvention are useful _machine operations. The
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required operations. [87] The invention can al so_be enbodieﬁd as conputer

r eadabl eners@enysHicH 0 ABITLET2 mpiE ApRelzed RPN toRrREfogy i ea e adabl e medi um
i's any d%tep&ﬁgﬁsorage device that can store data which can thereafter be
read by conputer system Exanples of the conputer readable

{87] The invention can also be embodied as computer readable code on a computer

readable medium. The computer readable medium is any data storage device that can store
data which can thereafter be read by a computer system. Examples of the computer readable
medium include hard drives, network attached storage (NAS), read-only memory, random-
access memory, CD-ROMs, CD-Rs, CD-RW's, magnetic tapes, and other optical and non-
optical data storage devices. The computer readable medium can also be distributed over a

network coupled computer systems so that the computer readable code is stored and executed

in a distributed fashion.

[88] It will be further appreciated that the instructions represented by the operations in any
of the above figures are not required to be performed in the order illustrated, and that all the
processing represented by the operations may not be necessary to practice the invention.
Further, the processes described in any of the above figures can also be implemented in

software stored in any one of or combinations of the RAM, the ROM, or the hard disk drive.



medi um i ncl ude hard drives, network attached storage (NAS), read-only
menory, random access nenory, CD-ROVs, CD-Rs, CD-RW, magnetic tapes, and
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descr+i bed in sone detail for poses of, clarity of uqders nding, it wll
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the scopg 9fqeh gugppended clainms. Accordingly, the present enbodinents are
to be consl d% as illustrative and not restrictive, and the invention is
not to be limted to the details given herein, but may be nodified within
t he scope and equi valents of the appended claims. 21 daims 1. A small

vol une plasma chanber conprising: a first electrode, the first el ectrode
form ng a chuck for supporting a substrate; a second el ectrode, the second
el ectrode bei ng deposed substantially parallel to the first electrode, the
first electrode and second el ectrode being separated by a predeterm ned

di stance; and a hot liner, wherein the hot liner and the second el ectrode
forma portion of a plurality of inner surfaces to define a plasma zone,
the hot liner having a tenperature sufficient to substantially prevent
deposition on the hot liner. 2. The small volunme plasma chanber of claim1,
wherein the predeterm ned distance is equal to a range of between about
0.5 cmand about 5 cm 3. The small volunme plasma chanmber of claiml,
further conprising a cold trap, the



cold trap being sufficiently cooler than the plurality of inner surfaces

t hat define the

pl asma zone to substantially cause a plasma byproduct

vapor to condense in the cold trap, the cold trap being coupled to the

pl asma zone by a
chanber of claim

passage through the hot liner. 4. The small volunme plasna
3, wherein the passage through the hot liner is between

about 5 nm and about 20 mm 5. The sdill vol une plasma chanber of claim1,

wherein the hot |

iner is manufactured froma substantially plasma

resistant material. 6. The small volume plasma chanber of claim 1, wherein
the first electrode, the second el@sihisode and the hot |iner have a

t enper at ure equa

to or greater than a processing tenperature greater than

about 200 degrees C. 7. The small volune plasma chanber of claim6, wherein
the col dj trapaas . volutld PRl Hh8bértoplisihess than about 50 degrees C cool er

t han the processi

ng tenperature.

a first electrode, the first electrode forming a chuck for supporting a substrate;

a second electrode, the second electrode being deposed substantially parallel to

the first electrode, the first electrode and second electrode being separated by a

predetermined distance; and

a hot liner, wherein the hot liner and the second electrode form a portion of a

plurality of inner surfaces to define a plasma zone, the hot liner having a temperature

sufficient to substantially prevent deposition on the hot liner.

2. The small volume plasma chamber of claim 1, wherein the predetermined

distance is equal to a range of between about 0.5 cm and about 5 cm.

3. The small volume plasma chamber of claim 1, further comprising a cold trap, the

cold trap being sufficiently cooler than the plurality of inner surfaces that define the

plasma zone to substantially cause a plasma byproduct vapor to condense in the cold

trap, the cold trap being coupled to the plasma zone by a passage through the hot liner.

4, The small volume plasma chamber of claim 3, wherein the passage through the

hot liner is between about 5 mm and about 20 mm.

5. The small volume plasma chamber of claim 1, wherein the hot liner is

manufactured from a substantially plasma resistant material.

6. The small volume plasma chamber of claim 1, wherein the first electrode, the

second electrode and the hot liner have a temperature equal to or greater than a

processing temperature greater than about 200 degrees C.

7. The small volume plasma chamber of claim 6, wherein the cold trap as a

termperature is not less than about 50 degrees C cooler than the processing temperature.



