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BACKGROUND OF THE I NVENTION 1. Field of the Invention [1] The present

i nvention relates generally to etchingl sem conductor substrates, and nore
particularly, to systens and nethods for dry etching sem conductor
substrates and for cleaning the etch process chanber. 2.Description of the
Related Art [2] In general, the nmanufacturing of the integrated circuit
devices (i BYSTREM, FEOIP 20ND A PRARA TS FOR SEXEXChEANINGhe
use of plasma etching chanbers. Th | as etch chanbers are capabl e of
etching selected | ayers on the sub l&ﬂ%iﬁg(aafined by a mask or pattern.
The plasna etch chanbers are configured to receive processing gases (i.e., "
etch chem stries) while a radio fregagncy (RF) power is applied to one or
nore el ectrodes of the plasnma etch hpentorsthe pressure inside the plasma

et ch chanber, | > r anthcu pl yi ng
t he desired %‘gm&zghﬁgymgédg%g{ ?b%‘gé{bz{)a&’ %&p#@ggﬁa%%@uﬁéﬁﬁg F@%c hanber
are activated such that a %&éﬁ%g'é;g_b?@;rmgiﬁ‘%ﬁ‘rféﬁa i's thus configured
to performthe desired etc y of the sem conduct or

wafer. 1, Field of the Invention

1] The present invention relates generally to etching semiconductor substrates, and more
particularly, to systems and methods for dry etching semiconductor substrates and for

cleaning the etch process chamber,
2. . Description of the Related Art

[2] In general, the manufacturing of the integrated circuit devices (in the form of
semiconductor substrates and wafers) includes the use of plasma etching chambers. The
plasma etch chambers are capable of eiching selected layers on the substrate as defined by a
mask or paitern. The plasma etch chambers are configured to receive processing gases (i.c.,
stch 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 foi-
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 etch processes. By
way of example, in a copper etch process using chlorine containing gases (e.g., CI2 and
HC1), 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] The conductive byproduct deposits can also interfere with the operation of the
plasma. By way of example the conductive deposits can short out and even extinguish the

plasma. The conductive deposits can also change the plasma density that can significantly




[3] Low volatility byproducts are produced in sone prior art plasma etch
processes. By way of exanple, in a copper etch process using chlorine
cont ai ni ng gases (e.g., Cl2 and HCl), the byproduct is CuClx. CuClx is
non-vol atile at roomtenperature. The lowvolatility byproducts typically
condense on the chanber walls. Duringzeach pl asma etch cycle, the
byproducts build-up on the chanber walls. Eventually the byproducts
build-up to a certain thickness. The byproduct build-up then begins to
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syst em gﬁaeﬁﬁgbﬁgheéqglp ayadplhés fog ofching processes and thereby reduces the substrate
throughput of the process chamber.

7] In view of the foregoing, there is a need for a system and method for reducing the
process chamber cleaning requirement and thereby increase the time the process chamber can

available for etching processes,

\. SUMMARY OF THE INVENTION

[8] Broadly speaking, the present invention fills these needs by providing a system and
method for reducing the process chamber cleaning requirement. It should be appreciated that
the preseizt invention can be implemented in numerous ways, including as a process, an
apparatus, a system, computer readable media, or a device. Several inventive embodiments

of the present invention are described below.

[9] One embodiment provides method for cleaning a processing chamber. The method
includes heating an inner surface of the processing chamber to a first temperature. The first
temperature can be sufficient to cause a first species to become volatile. The first species can
be one of several species deposited on the inner surface, A cleaning chemistry is injected

into the processing chamber. The cleaning chemistry can be reactive with a second one of




process chanber cleaning requirenent and thereby increase the tine the
process chanber can available for etching processes. SUVWARY OF THE
| NVENTI ON [ 8] Broadly speaking, the present invention fills these needs by
provi ding a system and net hod for reducing the process chanber cl eaning
requirenent. It should be appreciated ghat the present invention can be
I npl emented i n nunmerous ways, including as a process, an apparatus, a
system conputer readable nedia, or a device. Several inventive enbodi ments
of the present, invention are described below. [9] One enbodi nent provides
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processi ng chanber is being cleaned. Etching the surface of the substrate
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‘vol tage can al so be al e substrate.
[12]  Outputting the volatilized first species from the processing chamber can include

condensing at least a portion of the volatilized first species on a second surface that has a

temperature less than the first temperature.

[13] Injecting the cleaning chemistry into the processing chamber can include reducing the
second one of the species. The first species is at least one of a metal and halogen compound
and a metal and oxygen compound, and the second species is at least one of a non-volatile
metal and a metal containing compound. The metal can inclade at least one of a group
consisting of copper, tantalum, tungsten, platinum, iridium, ruthenium, hafiium, zirconium

and aluminum,

[14]  The inner surfaces are heated to a range of about 200 to about 400 degrees C. The
inner surfaces can be heated by a plasma formed within the processing chamber. The
cleaning chemistry can include at least one of a group consisting of a halogen gas, an inert

gas and a hydrogen-containing gas.

[15]  Another embodiment provides a method for eiching a substrate. The method includes
etching a first surface of the first substraie in a processing chamber while simultaneously
outputting a volatile species and depositing a non-volatile species on the inner surfaces of the
processing chamber. The first surface of the first substrate is passivated while
simultaneously reducing and converting at least a portion of the deposited non-volatile
species on the inner surfaces to a volatile species. The first substrate is removed from the

processing chamber,




[12] Qutputting the volatilized first species fromthe processi ng chamber
can include condensing at |least a portion of the volatilized first species
on a second surface that has a tenperature |ess than the first tenperature.
[13] Injecting the cleaning chem stry isto the processing chanber can

i ncl ude reducing the second one of the species. The first species is at
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plasma density change caused by deposits on immer surfaces of the plasma chamber. Asa

result the variability from substrate to substrate can be significantly reduced as well as
enabling integrated processing of mulii layered thin film stacks that have different
sensitivities to plasma conditions. By way of example, a copper interconnect stack has
copper barrier materials such as Ta/ TaN and inter-metal dielectrics. This benefit can be

extended to other applications such as etching of a MRAM stack

[22]  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.



[21] The present invention also can substantially reduce process
variability induced by plasma density change caused by deposits on inner
surfaces of the plasma chanber. As a result the variability from substrate
to substrate can be significantly redutzed as well as enabling integrated
processing of nulti layered thin filmstacks that have different
sensitivities to plasma conditions. By way of exanple, a copper

i nt erconnect stack has cgpper barrier material s_such as Ta/ TaN and
inter-metal dielectri cs._@meoﬁﬂM ot her applications

such as etching of a MRA M stack [22] O her aspects and advantages of the
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subst ra%g odr &a&%‘%ﬁ qdﬁ?&ﬁbﬂﬁﬂgn fé@éﬁfﬁﬁ@ #bnt he present invention. [25]

Fi gure sinp I ed Vi ew a process chanber I n accordance with one

enbodi of t he presen1 vent i nd 3B,show a nore
p R G A o e
chanber mbﬁdggﬁﬁbﬂﬁﬁ%eé%iﬁ Sheebodi ment of the present invention.

DETAI LED DESCRI PTI O\I G: THE EXEMPLARY EMBODI MENTS  [27] Several exenplary

;enbodl s f ri bed.
Tt Wil %ﬁe] agg to ?ﬁose%ﬁé%& ge%t%hgewgr?g&ﬁﬁé@ Whéérgﬁgﬂsgent I'nvention
may be pritkdi tlfeqﬁ{)Wsﬁ bhumhb@gﬁ&cwrd&de Wwith bikeerabedihdehCoftibe pidsentiAverdtiont h
herein. [28] Hal ogen gas (e.qg. Chlorlne Fluorlne Bron1ne etc ) based
processes can b®REBALEHDHES ; BODBIENTS
Hal ogen dry etch processes can be perfor med for copper etch back for stress
free polpgh %valaﬁaehipaﬁ&Ieﬁiboﬂim&ﬁmcaeaepma%m%elﬂﬁ&élﬁ&@mgeéafwmwr

I nterconnécts such as deScribed in U S. Patent Application 10/ 390, 117
filed oheNesaibed.slt vill(i®, apparent oglioseSkilledrip thiparh Bt Biepregsphinyeutsortoay be

| mproved Q.obal . - Damas fe Pl an on" d i.s al so described in
U'S © papaitiop il bR Rt cLreedscierls 8t GrbMERR 14 2003, " ent 11 ec
"System  Method and Apparat us, For Irrproved Local_ _Dual - Dama

Pl anari 23#tli oAtalogen gas (¢.g., Chlorine, Fluorine, Bromine, etc.) based processcs can be used to

dry etch copper for interconnect applications. Halogen dry etch processes can be petformed
for copper etch back for stress free polish or planarization of damascene copper or patterning
of copper interconnects such as described in U.S. Patent Application No. 10/390,117 filed on
March 14, 2003, entitled "System, Method and Apparatus For Improved Global Dual-
Damascene Planarization”. And is also described in U.S. Patent Application No. 10/390,520
filed on March 14, 2003, entitled "Systen1, Method and Apparatus For Improved Local Dual-

Damascene Planarization".

[29] However, as is typical in copper dry etch processes, a halogen copper dry etch process
can form copper containing etch byproduct deposits on the inner surfaces of the process
chamber, The deposits can eventually fall off of the inner surfaces and cause particle
contamination of the surfaces of the substrate being etched. Additionally, the deposits.can
alter plasma conditions that can therefore affect the process. The process chamber must
therefore be frequently cleaned to reduce the particle contamination. The frequent cleaning
requirement reduces the time the process chamber can available for etching processes and

thereby reduces the substrate throughput of the process chamber.



[ 29] However, as is typical in copper dry etch processes, a hal ogen copper
dry etch process can form copper containing etch byproduct deposits on the
i nner surfaces of the process chanber. The deposits can eventually fall off
of the inner surfaces and cause particte contam nation of the surfaces of
the substrate being etched. Additionally, the deposits can alter plasnma
conditions that can therefore affect the process. The process chanber nust

therefore. be frequently cleaned to reduce the particl ont ani.nation. The
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chamber are released from the mmner surfaces.

[34] The process canuse a halogen-based etch chemistry mixed with a hydrogen-
containing chemistry that can also be input to the process chamber. By way of example, a

chlorine containing etch chemistry (e.g., Cly, HCL, BCls, efc.) can be input to the process




[35] In an operation 110, a first portion of the etch byproducts (e g., as
CuCl2, CuCl, or elenental copper) can be deposited on the inner surfaces of
the process chanber. In an operation 115, a remainder of the volatile etch
byproducts can be output fromthe process chanber such as by a purge or a
vacuum [36] By way of exanple, a chlerine containing etch chemstry can
etch a copper |layer on the substrate, form ng etch byproducts including
Cu3Cl1l3, CuCl2, CuCl and el enental copper. At the process tenperature of
about 20q1d greeﬁ C or, greater, Cu3Cl3 is volatile while CuCl2, Cud | and
el enent af aé‘ﬁ?&ﬁe? #ERloFiRE copdaipbigateh ehemistriveanadscale input with en poert cagriengast he
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surfaces of the process chanber are heated to the process tenperature. In
an oper gB85pn Ihah, opetitionyd 004 first Bﬁibhdﬂtﬁerbté}hByﬁ}aﬂW(bcé?,aéﬁ@u@sz@u@P%W stry
can react with the |ayer of etch byproducts (e.g., CuCl2) that is forned on
‘the i nnétenseiplropredcan hedenasited en thedntrssuriites O%&mp,roce,ss;ichanb@pdeancm oride

is redu I . r..and..t he, chl orine combines with, the hydrogen
to form g‘i&?ﬂgtﬁin%%%%{e?%ﬁlﬁ@ eﬁ‘i’%%@g@d?% F5&F 8y prent ﬁ'ngmr}f‘i%gfocls% an
oper at i ahahB6y; suchas By apanicdr caRARK. can react with the hal ogen based pl asma
to beconme one or nore a volatile species that can be renmoved fromthe
process g i bPEEH : i r bR~ 3R

operati c! ndéqacﬁgﬁj ‘twhicgfrzpend.I;llg’te‘1 gﬁ%%%coge un%gﬁgtcg%%l t hat teﬁc-éh%%@%tg{]ﬁ Ao™

105- 135 the substvate; Samingeetch byiredyes inotudircg Cin (L) Cudly udilahd slentingd cofjsure of

t he oper%téjgons may occu&ursu stantially sinultaneously or in an order other

than as & PiogeRy tempagiure-phrhaut 300 degtess; (rpr gepisn (Habls isvolatile whde Su€lanber

200, i n@aEandanafenMi ﬁg}% ' .1 Of 3 ' ticon. .The
process chanber Zogmcrgﬁpﬁﬁ e?gk?ﬁ%@%&fﬁé@%&faﬁiefﬁ%}h%@@io%ﬂe gi%ubstrate
suppor t byprogucts ée.gh ok, 201 and eleteptat toppas) canlispodit en the inii Q6EEGS B the
retaini ngqri n 5 can also be included tg nore securely support and

2
posi t i oRTq45Es ‘gﬁﬂgﬂ gYs Y Aeppaagsoxclbawye Z09 degreny e(e-2ogreaterphanabouti4ed

that thg Qé:@.SAQ@n?(ﬁﬁ 'aﬂ) NERL [ [ t.ne process
chanber 3%% I\/EI tiple i’ﬁ@g?g agﬁ%rgurceggcéé’%ﬁ{oglggtﬁiﬁgaﬁpe&u@f}df8‘&’%@ t he
inl et 26®m thedijcehehamberi pl e i nl et gas sources 208A-208-N al | ow each of
the gases to be mxed and conbined at different flow rates, concentrations
and pr egE! e HokkvaR s B8céd\forRsh OBht 0, OF 8661 Te.bQ alheRSLCH alfadidhy  he
process chanmber. By way of exanple an inlet gas Source 1 A can supply an
i nert caeqlpesurfas sych ag.the mer srfase of theqindesgyelsmsben), thd devondp)rtiohid et gas
source 2 B.ca p a hal ogen based processing chem stry and inlet gas
sour ce Rf’%%‘%—edﬁ? Q’Bﬁﬂsﬁbﬁﬁ}s H9€ch©t@ﬁ a é’“?‘i?%'@@%ﬂe | dwereipres while

Pr essu e8,OF id femel Hhftheite 4 FooliRS, BOY ARUCIDBN bR R hfplt can be
controlled to provide a desired concentrations and m Xtures o e hal ogen
based pswéasesotihe phaessthamtend hydrogen that is carried into the process
chanber 200 by the carrier gas. [42] The process chanber 200 al so i ncl udes
an out | [38] 216 anlbyeratitid £20, GRS inhe: s@@ﬂd&%s%@tﬁ@px%cé’s@%ﬁh&ﬁbmhé&?&toﬁ?@m) S0 as
to draw the process- byproducts fromthe process chanber. \While the process
chamber PIROEssitemBeae. hﬁxﬂn@esﬂtmmd@ﬁeﬂie lydtogel trpmb ehith the halbgerobdsedttcB10, it

houl d d ookl | ti,pl e.inl d | | d al o]
el udedt et b e 5D ot ok bpioructs (942 Lkt e i ovmed o0 freoinrat o
to or esemckdsf tﬁ@#d&@s@dﬂaﬁﬁh’. 2te 1 —v&i@ﬁl%rciopﬁé} AR is [P %%mg%{’ face

212 has a tenperature |l ess than the process tenperature so as ect
many of capper dnddhe dhlotise combinvawithethe hi/drogen ®ufolm AICIahkibs velatiteagtahe The

cool er surface 212 can be maintained at a tenperature | ess than the process
t enper a?rﬂf;%gs%émb‘?r?t‘%re t han about 50 degrees C cool er than the process
tenperature) by way




9 of active or passive cooling. The outlet 210 and/or the cool er surface
212 can also include a flow diverting device(s) 213 to at |east partially,
physically isolate the outlet 210 fromthe substrate 202. [44] The plasma
214 can be generated inductively or capacitively. The process chanber 200,
substrate 202 and chuck 204 can be heated to the processing tenperature by
the plasnma 214. Alternatively, the process chanber 200 and chuck 204 can be
heated by respective heat sources 218A, 218B, 218C and 216. The plasma 214
and the tAMAPCFRERE 130uthe stenzergs coppeg Ban pepgiOVih thelidograrbaaed plabma is ed

; . p
chuck ooebmBnt 8 HEP o WaE BERas seh R riioged Bout B Sloastammber [as) A
bi as vol thﬁﬁ?h sRLERRE B2kh wat%nsmé@ﬁ%&%ahsé opQatififs ek aff It %boglilcf‘ e

vol tage applied to the chuck 204 and thereby to the substrat can
enhance udersgnoddbaidhegparationse 0535t arahet refuitdd thibgureeforBéd anthedRleghow a nore

detail ed,,vi,ew of, t he method gperations 100 occurrjng within the process
chanber BHteied, Semeotib opcrgfibes @ﬁgoméﬁ?wﬂxﬁwﬂ@ns%%mmm # on.

Fi gur es oerdndh 2Biesdishigt he substrate 202 with nultiple features 302. A
diffusion barrier layer (e.g., tantalun) 304 can also be included. A copper

| ayer 3 asg:filled. t feat ures 302 and _.an ,ov urden portion has been
f or ned gt tSFﬁ%HFezalgﬁrS_esp%%%we ]apﬁé?eéwl?aﬁa’eﬁg&ﬁ’t%aﬁ FRECIRI O3] ogen
pl asma Zhthodimémomesh pretdit mv%Hﬁ‘oﬂrPﬁegﬁr%cé“sB ARABber 200 ah MIBEISH EfRRSS 2920 and
the top | ayer 306 of the substrate 202 are exposed to the hal ogen plasm

214. Thdorpioersewspllashstratesuppat (g clinckh 304 tameppertt thopibsiratadarl or copper

For med SRRUTE T Rapauig e s B0 B SREBER S PecR e S Flprd imdatione. -

copper 3R$subdit4te ol thOEKIckD0at iA gasq%@gdlis Raheaasd E@fﬂﬂ?ﬂﬁ%a@&@géﬁs Ond

Cu3C13). ‘A first portion of the volatile copper-hal ogen conpo s 316 can
be out pwihe chemistrees pan be saput bathberocess tlamdrer 300.nbulinplatinlebgascpmers hddAgen
conmpoun 2 (€. 4. C(]Jfé . e formed on the inner surfaces 310. The
non- vol %@?T C%Ibep%fﬂphe%B %mg%%‘ﬂgunds 312 can be formed as the volatile
copper-iﬁ ogen corrEoun,ds 308 condense on the inner surfaces. The

non- vol a#1)l e Tdsppdiplednlsy & sourhse aHB88-208N allpw el obtheiospepdd baenisedaetiuct

f th ' o 214 and th ;306 314,
(48] Rer Pt o BRI o A AR BR IR Py w1 GO BBB e Bl

the propessssibdeiperfortied inl the pherebslcHatbien dBY a9t eikfapletaidnlet gas source 1

hydr ogen- cont ai ni ng gas 320 _can be provided 10
A can supply an inert carrier gas (e.g., one or more noble gases or nitrogen). Inlet gas

par

source 2 208B can supply a halogen based processing chemistry and inlet gas source N 208-
N can supply hydrogen. The respective flow rates and pressures of the different inlet gés
sources 208A, 208B and 208-N can be controlled to provide a desired concentrations and
mixtures of the halogen based processing chemistry and hydrogen that is carried into the

process chamber 200 by the carrier gas.

[42]  The process chamber 200 also includes an outlet 210. The outlet can be coupled to a
vacuum pump (not shown) so as to draw the process byproducts from the process chamber.
While the process chamber 200 is shown having a single inlet 206 and a single outlet 210, it
should be understood, that multiple inlets and outlets could also be included.

[43] A relatively cooler surface 212 can be provided proximate to or even inside the outlet
212. As described above, the cooler surface 212 has a temperature less than the process
temperature so as to collect many of the byproducts that may deposit on such a cooler
surface. The cooler surface 212 can be maintained at a temperature less than the process

temperature (e.g., more than about 50 degrees C cooler than the process temperature) by way



at the sanme tine as the halogen plasma 214 is forned in the process chanber
200. The hydrogen 320 reduces the non-vol atil e copper-hal ogen conpounds 312
by renovi ng the hal ogen conponent. By way of exanple, if Chlorine is the
hal ogen conponent, then the hydrogen ant chlorine formHCL. HCl is volatile
at the process tenperature and can be output fromthe outlet 210 of the
process chanber 200. Reducing the non-vol atil e copper-hal ogen conpounds 312
| eaves e'ofa@cwead PISERELodin C AR Yt16Pd 186ma? thGbdiiGut AR 1 Betid A&Lindide aThe
hal ogen plasma 5 4 can the% react to volatilize the el enental copper or
copper oXlosiedisdding devich@) 2 hher atdeast partialby @hysicaliyhiselatestha entletd Pdom $he312,
312' and 314 that may be fornmed on the inner surfaces of the process
chanber ﬂ@ﬁ%ﬂﬁ?%&bstantially renoved simultaneous with the formation of
such deposits (e.g., during an etch process). [49] Wile the

above- deg44li bddhepasmen 2 Idneandregederatadiibdibtivalytos capacativels mbhie prycessspambee. g. |

St DocbRER? 20N SnE SRR DY R R TERET o peimrSiiihthE R 6] B8R .
H O, " a“%{{ ggefﬁa{ﬁ%l , t'héiiar&c%s@cmﬁg&e? 200 FRE BN R IDATa bk ReatdB b9 réspbstive heat

Furt her, hydrogen i's -described as the reducing species in the above
exanpl es sources2iBA,@1BB, 2182 asd 206 Thaplaghidi4d peditheirnspesihechens sorirgtn 21850 be

other spedPBelias R sapaie baiso Ik shC aphloherb irarpims o o g™ ™
changi ng icfslﬁtg( SO4e @Mea&&%ﬁl&l@?ﬁpﬂs Ko e QBs$4ta 82 td ﬂlﬁ(ﬂr&%’ss waidisaten the

deposi t erng volatilize ydrogen-contai ning chem stry, "'the deposit

is being duced. from the nongsvol atile s i [ . I es.

Ther of of 448105 X8z VSl EyRaR YRR blsp DeRBSR to I uifPo0. AbiafeRlBE |
as r edUC'aﬁﬂlié&@ MhSehuckIU aNGYh&ELY 1081 Bitisthic@V2, SgsahaRacthb prdessitgaf theor m
part of the invention are useful machi ne operations. The invention also

rel at es tssbsiwatfevi ce or an apparatus for performing these operations. The
apparatus may be specially constructed for the required purposes, or it may
be a gend4q]l - FigipesBA eadBlt shovwseineed datsiled vewiof dicadeibod opedaligns B by a
conputer program.stored in the computer. In particular, various

gener al - 9GPPEHES WikEhihsasocRsy b 290, ipaRcord g eith PRoFRERRITERT 95 1BR i n
accor dan?)?es\éﬁttiﬂvérlﬁ%n:[ fﬁ@l}éé‘%ﬁ 1838 dowhe kibsiRiE R JRE & ¥?§Fﬁﬁ"€§ 362 A
construct a nore speciafrized apparatus to performthe required operations.
[51] The difiivsuti baricclaperae$q thaakim) 304 edn ako de igpuindead. r/e adgit dayen8@6 bas a
conput er readable medium The caonputer readabl e nediumis any dat t orage

devi ce t fidled gamfeaturrsad 02 endmoyertirdenpastion hasdhesaemnedyyer thefepipres {08nput er

system Exanples of the conputer readable nmedi uminclude hard drives,
net wor k d4T]ac Redersing mageto a8y 3 A, edalogah plasmadiy is foamed vithie &wpraesssr y,

dat o st oFEgEbGe Redaner pEac s et M 160 b AF i bhiely 207 e APRRRIBf e
over a ngﬁéé%ggee% C&Hnﬁ‘adzf@m&gwoge)ﬁﬁﬂm S deh@h mtiihftgg ]@IéFi&lﬁil chgsahder code

is store uted 1n a disttibuted fashion. t will be further
appr eci atceppdrlatdetdfdhé euppenyendns andphe seprice dudipr cdppenpeide il é mayibe faryedf

? Pfugf’ CavedhOiia wibee A1 The biatatmy 2F LS Ea L syPEHe Bpst 410 BRR may
ascr 1 b PE e b e O e e v

st ored i rRopper-leiegenfcoatponadds Hatdndrsouputtiven RaNrotdse cR@vberorA. tdyer dlamah-di sk
drive. [53]. Al though the foregoj nsa i nvention ha% geen descri.bed in sone
detai| foplasly srppes-halogen sempurgis 313 dees Cards) sgn be dorpad; onyihe dngier swiices ot

certain n i £ [ [ it hj he
appended JaPat HE mORTRE odrbRt el PRt 32 chf b Ml Py TR Bl 3
as il ustaRigh Bordperia 308 @ohddrst o Ehe ARer dubfaces) VEHR riodRvalstile abppartrdoganni t ed

to the details given herein, but may be nodified within the scope and
equi val e wpglpguncgrﬁel 209peirgdae formedas a prpduct of the reaction between the halogen plasma

214 and the copper 306, 314.

[48] Referring now to Figure 3B, hydrogen-containing gas 320 is added to the process
chamber 200. It should be understood that the hydrogen-containing gas 320 can be provided



Clains 1. A processing chanber conprising: a plurality of inner surfaces, a
plurality of deposits thereon; a gas inlet; an outlet; a condensing surface
proxi mate to the outlet; a heat source capable heating at |east one
of the plurality of inner surfaces to a first tenperature, the first
tenperature being sufficent to cause ao0first species to beconme volatile,
the first species being one of a plurality of byproducts of a first

process, the plurality of byproducts also including a plurality of species

d h f | str
coupl ed L4 RO BEAE eois s G ing s chgnbei - Tk | ve
with a Wn@@@ r@tﬂud‘egﬁe%dﬁr@dléﬁ Gé ng sur ﬁc{) gﬂd'seﬁtzgjel% cSpeci es

to the first species and e con ace aV| ng a rrperature

| ess th dmmgm chmpsnente Byeway of exanidle, Thehlprine ésthi halogbacdaporeht, thei thel,
wherein _t heat s rce |s a_plasm. 3. The processing chanber of cl ai m1,

furt her TWOREePan r HGlanweletile gt Pequpass farapergipee and can be
oufput from the outlet 210 of the process chamber 200. Reducing the non-volatile copper—

halogen compounds 312 leaves elemental copper or copper oxide 312’ on the inner surface
310. The halogen plasma 214 can then react to volatilize the elemental copper or copper
oxide 312’ on the inner surface 310. In this manner, deposits 312, 312° and 314 that may be
formed on the inner surfaces of the process chamber 200 are substantié.lly removed

simultaneous with the formation of such deposits (e.g., during an etch process).

t49] While the above-described operations are described in terms of removing copper
(e.g., in various etching and cleaning processes), it should be undefstood that similar
processes can be applied to remove tantalum, TaN, Pt, Ir, Al, A1Oy, HfOy, and ZrO, (where
“x” is a whole number) and similar mz;cerials. Further, while hydrogen is described as the
reducing species in the above examples, it should be understood that other reducing species
might also be used in similar applications. By way of example, deposits can be reduced by
other species such as oxygen and halogens since reduction can include changing the chemical
compound or oxidation state. In other words when the deposit is being volatilized in
hydrogen-containing chemistry, the deposit is being reduced from the non-volatile species to
a volatile species. Therefore, O, Cly, HX (where X = Cl, Br, F), SFs, BCl; can also be used

as reducing agents.

[50] Any of the operations described herein that form part of the invention are useful
machine operations. The invention also relates to a device or an apparatus for performing
these operations. The apparatus may be specially constructed for the required purposes, or it
may be a general-purpose computer selectively activated or configured by a computer
program stored in the computer. In particular, various general-purpose machines may be
used with computer programs written in accordance with the teachings herein, or it may be
more convenient to construct a more specialized apparatus to perform the required

operations.

[S1] 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



a bias source coupled to the chuck. 4. The processing chanber of claimS3,
wherein the chuck includes a heat source. 5. The processing chanber of
claim4, wherein the heat source in the chuck is capable of heating the
substrate. 6. The processing chanber of claim5, wherein the heat source
in the chuck is capable of heating thejsubstrate to substantially the first
tenperature. 7. The processing chanber of claim 3, wherein a surface of the
substrate is etched 13 at substantially the sane tinme as the cleaning
chem stry is present in the processing chanber. 8. The processing chanber
of cl ai miata, which eamtheheaficr bardad §y elvompstarwystemo fixauniples aféhe extopgen ieadabde ond

one of t rhn% ulrs:ltJ {n%iuidte)fla?t{ dﬁgeesflilgtgvbrk attached storage (NAS), read-only memory, random-
access memory, CD-ROMs, CD-Rs, CD-RWs, 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.

[52] 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 @llustrated, 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

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

[53] Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodimenis
are io be considered as illustrative and not restrictive, and the invention is not to be limited to
the details given herein, but may be modified within the scope and equivalents of the

appended claims.



9. The processing chanber of claim1, wherein the first species is at |east
one of a netal and hal ogen conpound and a netal and oxygen conpound, and
wherein the second species is at | east one of a non-volatile netal and a
met al contai ning conmpound. 10. The processi ng chanber of claim9, wherein
the metal includes at |east one of a group consisting of copper, tantalum
tungsten, platinum iridium rutheniym hafnium zirconiumand al um num
11. The processing chanber of claim1, wherein the cleaning chem stry

i ncludes at |east one of a group consisting of a hal ogen gas, an inert gas
and a hydrogen-containing gas. 12.~[he processing chanber of claiml1,
wherein the first tenperature is i range of about 200 to about 400
degrees C. 13. The processing chanber of claim1, wherein the condensing
surface is acg{v%gsﬁ%ggﬂﬁgxgo t he.second tenperature. 14. The processing

T 4 TMPrisin . . .
chanber of clarh srern th coﬁ%en5|ng surface is passively

a plurality of inner surfaces, a plurality of deposits thereon;

a gas inlet;

an outlet;

a condensing surface proximate to the outlet;

a heat source capable heating at least one of the plurality of inner surfaces to a
first temperature, the first temperature being sufficent to cause a first species to become
volatile, the first species being one of a plurality of byproducts of a first process, the
plurality of byproducts also including a plurality of species deposited on the inner
surface; and

a cleaning chemistry source coupled to the processing chamber, the cleaning
chemistry being reactive with a second one of the plurality of species to convert the
second species to the first species and the condensing surface having a second

temperature less than the first temperature.
2. The processing chamber of claim 1, wherein the heat source is a plasma.
3. The processing chamber of claim 1, further comprising:

a chuck for supporting a substrate; and

a bias source coupled to the chuck.

4. The processing chamber of claim 3, wherein the chuck includes a heat source.

5. The processing chamber of claim 4, wherein the heat source in the chuck is

capable of heating the substrate.

6. The processing chamber of claim 5, wherein the heat source in the chuck is

capable of heating the substrate to substantially the first temperature.

7. The processing chamber of claim 3, wherein a surface of the substrate is etched




cooled to the second tenperature. 15. The processing chanber of claiml,
wherein the second tenperature is about 50 degrees C less than the first
tenperature. 16. A processing chanber conprising: a pluarlity of inner
surface, a plurality of deposits thereon; 14 a substrate to be processed,
a gas inlet; an outlet; a condensing surface proximte to the outlet;

i3

at substantially the same time as the cleaning chemistry is present in the processing

chamber.

8. The processing chamber of claim 7, wherein the cleaning chemistry is operable

to reduce the second one of the plurality of species.

9. The processing chamber of claim 1, wherein the first species is at least one of a
metal and halogen compound and a metal and oxygen compound, and wherein the

second species is at least one of a non-volatile metal and a metal containing compound.

10. The processing chamber of claim 9, wherein the metal includes at least one of a
group consisting of copper, tantalum, tungsten, platinum, iridium, ruthenium, hafnium,

zirconium and aluminum.

11. The processing chamber of claim I, wherein the cleaning chemistry includes at
least one of a group consisting of a halogen gas, an inert gas and a hydrogen-containing

gas.

12, The processing chamber of claim 1, wherein the first temperature is in the range

of about 200 to about 400 degrees C.

13. The processing chamber of claim 1, wherein the condensing surface is actively

cooled to the second temperature.

14. The processing chamber of claim 1, wherein the condensing surface is passively

cooled to the second temperature.

15. The processing chamber of claim 1, wherein the second temperature is about 50

degrees C less than the first temperature.

16. A processing chamber comprising:

a pluarlity of inner surface, a plurality of deposits thereon;



a heat source capable heating at |east one of the plurality of inner
surfaces to a first tenperature, the first tenperature being sufficient to
cause a first species to becone volatile, the first species being one of a
plurality of byproducts of a first process, the plurality of byproducts
also including a plurality of species deposited on the inner surface,
wherein the heat source is a plasnma; 1and a cleaning chem stry source
coupled to the processing chanber, the cleaning chem stry being reactive
with a second 2cHesU3 1 Re PpIcessetii ty of species to convert the second species
to the first §?§§h@§;and t he condensing surface having a second tenperature
| ess than the first tenperature, wherein a surface of the substrate is
etched at subgnantiétal |y the sane tine as the cleaning chenistry is present

in the procesa%gggﬁgﬁgggﬁg?Bgﬁ%%%?&ﬁkppgﬂ% cl eaning chem stry is operable

to reduce the's uralrty 'of species. 17. A processing
chanber conpr iagiealgroumephpatdd héayinght lenstene o teuen}ityeofihtralifhioes e adeposi ts

thereon; .a, gas inlet: an outlet; condensi ng surface proximte to the

out | ot frst EpezatyeE the B rempegsiive e S TR LToRY R BE BRREIH 10 RREMBI ur al i 1 y
of i nner velutifeagRSfirkOspacits beihg oadde hajltkaky WpRIdch M8 of filkShrob&pP@Eature is
in the ranqg_of about, 200 to, about 400 degrees C, the first tenperature
bei ng suPPreitemt erodigis else mrlidingsh obyraldy 1of meeissderasited opehe tiprert i r st

speci es BekRE WPeif thetheld iRk id ¥p1dfmP YRy oducts of a first process, the
plurality of byproducts al so inc?udiﬁg a glurality of speci es deposited on

the inner surfadwningrehemistry sougeectonpleing tbhenicsssing dwatber thoufheidst o t he
.prOCeSSIp%nﬁ Sﬁgr&ﬁﬁv§hﬁﬁQlQ%o&?%ﬁ%%Eﬁ%;@ﬁhﬂﬁa5ﬁg%£k¥%)?%%%ﬁghsecond one

of the plurality of species to conver eco speci es first
speci es smdnd hpeagenderibs rfgsts spebis earldathien goralesdg ndrfi@npaviat ur eedo@ds t han

the first tenperature mﬂgrein t he condensing.surface .is actively cooled to
t he Seco%@pte%%%?eﬁ B—llag -the irst temperature; wherein a Qffads og t%e substrate 1s etched at
substantially the same time as the cleaning chemistry is present in the processing
chamber, and wherein the cleaning chemistry is operable to reduce the second one of the

plurality of species.

17. A processing chamber comprising:

a plurality of inner surfaces, a plurality of deposits thereon;

a gas inlet;

an outlet;

a condensing surface proximate to the outlet;

a heat source capable heating at least one of the plurality of inner surfaces to a
first temperature, wherein the first temperature is in the range of about 200 to about 400
degrees C, the first temperature being sufficient to cause a first species to become
volatile, the first species being one of a plurality of byproducts of a first process, the
plurality of byproducts also including a plurality of species deposited on the inner
surface; and

a cleaning chemistry source coupled to the processing chamber, the cleaning
chemistry being reactive with a second one of the plurality of species to convert the
second species to the first species and the condensing surface having a second
temperature less than the first temperature, wherein the condensing surface is actively

cooled to the second temperature.




