WAFERLESS AUTO CONDI TI ONI NG BACKGROUND OF THE | NVENTI'ON Fi el d of the

| nvention [0001] The invention relates to a method of form ng sem conduct or
devi cés on a sem conductor wafer. Mre specifically, the invention rel ates
'to maintaining an etch chamber for etching netal containing |layers for the
production of Magnetic Random Access Memory (MRAM). [0002]In forning

‘sem conduct or devices, nmetal containing |layers are etched. Such etching
provi des netal containing contam nants within an etch chanber. Page 1

WAFERLESS AUTO CONDITIONING

BACKGROUND OF THE INVENTION

Field of the Invention I

[0001] The invention relates to a method of forming semiconductor devices on a
semiconductor wafer. More specifically, the invention relates to maintaining an etch chamber
. for etching metal containing layers for the production of Magnetic Random Access Memory

(MRAM).

[0002] In forming semiconductor devices, metal containing layers are etched. Such

etching provides metal containing contaminants within an etch chamber.
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SUMMARY COF THE | NVENTI ON [ 0003] To achi eve the foregoing and in accordance
with the purpose of the present invention, a nethod for reducing
contam-nation in an etch chanber is provided. A substrate with a netal
‘containing layer is placed in the etch chanber. The nmetal containing |ayer
i s etched, producing nonvol@iiN&RREORITHERNVERTHEROSI t S on surfaces of the
et ch chanber, wherein sone of the netal residue of the netal residue
deposi ts ds | n-a_fi.rst.state.. The, substrate j. noved . f et ch
chanperdodsle' CT8atr™ o8 iGdrpd SRL R REHBIG o PR S BTRARE S e

first shainBoh G methal félﬁ’éﬁﬂﬁ!? ¢ontaningEa A anteddhechaiider 8 pidtiadd. r&sikhi@te n t he
second state has stronger adhesion to surfaces of the etch chanber than

met al radi dmestal ponthipirfg lewar isplaced intisoedl) ehrnhest Fhe metah contsining layeras t he
invention, .a nethod for.reduci ont.am nation.in ap,et hapber with a
pover bR P gl EReLR R ART b Stk BORE RN RABRT s br ovi ded.
A substyipk&in Wbhb o tH¥Rh&hl 1eaBhEbMNhE thetd YRiduedepbagedlin NfifshaRt aechanber .
The nmetal containing |layer is etched, producing nonvolatile netal residue

deposi tssberatsigrémeresst fodm theceteh cramiteanbbe chandiendh qogditivacdhy eervgrtitg ragtal

wherein the . ' g tal hydride o l. pitride,
whor o YR BUbh IRy B A1 SASE B 4 SO e MeBhePTBA Pk bt al i n
the metslie FANHRL RSNl suffebs T id QEH BfhniRe tHah dtsatdidud igaRd Akt metal in
the netal containing |ayer. The substrate is renmoved fromthe etch chanber.

The chatdber is conditioned by converting netal residue which conprises the
nmetal hydride or nmetal nitride to a native state netal, where native state
met al {eB804]t r olpsotiad hemifostatich Sflthé arenticd, atnithel ©oh retaingedniahdmtiohén et al
hydride or netal nitride, conprising providing an oxidation to convert the
net al rAnteighghagbernwitha peyver Wirdomoansd %gacresiamia} adiprenpiodPe BPWE Windewuet i on

0 ComEb i T Ay A okt gL, TR LOURLIDGSG, e
i n the atapiithethyees etchpd,ippsdueingdvavblauRihétalesidae déposiendringtacesothé h t he
follow ert]c (I}:a?n%gre isn.cluding the Faraday shield, wherein the metal residue comprises a metal

hydride or metal nitride, wherein the etching comprises providing a chemical reaction of the

metal in the metal containing layer, and sputtering the chemically reacted metal in the metal

containing layer. The substrate is removed from the etch chamber. The chamber is

conditioned by converting metal residue which comprises the metal hydride or metal nitride

to a native state metal, where native state metal has stronger adhesion to surfaces of the etch

chamber than the metal hydride or metal nitride, comprising providing an oxidation to

convert the metal nitride or metal hydride to a metal oxide and providing a reduction to

convert the metal oxide to native state metal.

[0005] These and other features of the present invention will be described in more details
below in the detailed description of the invention and in conjunction with the following

figures.
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0006] The present invention is
illustrated by way of exanple, and not by way of limtation, in the figures
of the .acconpanying drawi ngs and in which |like reference nunerals refer to
-simlar elements and in which: [0007]FIG 1 is a flow chart of an

enbodi ment of the i nve@fﬁlgp.l)ﬁsqgg‘%]r?(gﬁ?ﬁTm BRAGY ic cross-sectional

:view of a stack that wo be use r formng MRAM [O0009]FIG 3 is a

h t i f | . i hanb th b d J
erbodi fRelor TREPIEAATIERRON PoBTTirRey Hay &f cranPles Al Pl Wi 9 o comput er
syst emiirhiddtionBin the figeRsl of theREehpaaling drii@ings and in which like reference numerals

refer to similar elements and in which:
[0007] FIG. 1 is a flow chart of an embodiment of the invention.

[0008] FIG. 2 is a schematic cross-sectional view of a stack that would be used for

forming MRAM.

[0009] FIG. 3 is a schematic view of a plasma processing chamber that may be used in an

embodiment of the invention.

[0010] FIG. 4 is a schematic view of a computer system that may be used in practicing the

invention.

[0011] FIG. 5 is a more detailed flow chart of conditioning the chamber step.
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invention. [0011]FIG 5 is a nore detailed flow chart of conditioning the
chanmber step. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0012] The
present- invention will now be described in detail with reference to a few
-preferred enbodi nents thereof as illustrated in the acconpanying draw ngs.

In the fol | owi PGTAGEEDI PESORIPTIONEOPUHSPREFERRESLERBEDAVIENTSt forth in
‘order to provide a thorough understanding of the present invention. It wll

b , h . i i _ : .
L e

I NSt angReferrd® binbdigsntsPhaEESS iBlstfateddn tedccsipadling @awhipse Inthie fol@ning
described in detail in order to not unnecessarily obscure the present

i nvent idsacrifftioolBimergretricel iRagtdlsameset Bsthye widey t¢ MRAMe atheroyah ned proni nence
in recent ans unj versal nor. i tQ- e M
ot g S A YR SRR e R B SRR, B Sl b A
Co/ Fe/ RelAtRhé Prebchinhichfibd Mai, B Fﬂi&ﬂcéd"@itlﬁo@kblﬂy or alABf Dlesd petificidetadls.cli ng

these materials is the non volatile nature of the etch byproducts that are
f or med athesringitnessravalidawmacprpesss stepi i/ erseyetursthal e Befrtiegr descriRphingdstail i | e
etch byproducts nean that vapor .nr rre of .these etch byproduct species
are so lﬁé)\'i\?gelrﬁ%{l()ttlhnéljc/ceé%aﬁtr%?@%greitﬁ? gl%? %né?%vggu% lase at operating wafer
tenperatures (10-250 C) and pressure (1-50 niforr). [0014]Due to the non

vol at i | 180RHt ur Magpetig %w%ﬁswawm%@wgﬁa JHAMHCBCS B IETEF ed of f

t he waf r j e of Sl Igﬁg o | 1's that
i ncl ude@ Egts%g u%?’%ﬁsg]f %P%P%dgﬁ%sﬁggedp lglgnnég tﬁ%@&w n %i\fi/,w%lhhﬁgc e, Mgﬁd l'iner.

I n t he themholt IMRAM staeks consistugtoateridy like € p/HedAPt/ R F e/TS/Nifwig/én atdctheid
within an etch chanber. |t has been found that a _significant portion of the

met al | i 8logs.cAnePprdainetshing tisse matsaialss the nangolatile narexs ofithraeieh byppeysts
interf S\ [ VAN - N f nem. . coil to
pl as maet!—‘ %r%%%%egg%gﬁgf"{es%tq gﬁ%&% r(r%%gv)w&gtﬁgsrep@%ﬁll gbu??gtisde}ggr}?a‘%jgelgtﬂg% ﬁi ng of
MRAM el ypt&ductstmdanshdieaporf pressdret dfaliest kechiypsodpevespeciesdre ab 1ove thar thegr t i onal
to plasma density and is a nmeasure of RF coupli through the T

CP
di el ectgangotgoripeihe 82s Rhape dgIPeEEng N%er\i@np%rg@rﬁggﬁ?aép‘bﬁ) ssessygredpp¥d when

VRAM rrartn%}rfl waf ers were cycled through a TCP reactor.

[0014] Due to the non volatile nature of etch byproducts, once these products are
sputtered off the wafer surface, they stick to line of sight areas on chamber walls that includes
the transformer coupled plasma (TCP) window, pinnacle, and liner. In the formation of
semiconductor devices, metal layers may be etched within an etch chamber. It has been
found that a significant portion of the metallic etch byproducts deposit on the dielectric TCP
window, which interferes with radio frequency (RF) power coupling from the TCP coil to
plasma through the dielectric window, and prohibits/degrades etching of MRAM wafers. It
has been found that the bias power, which is proportiohal to plasma density and is a measure
of RF coupling through the TCP dielectric window for controlled bias voltage operation
mode, dropped when MRAM material wafers were cycled through a TCP reactor.

[0015] Etch chambers may be run in a deposition mode, which means that etch
byproducts on the chamber walls are not cleared after every wafer etch and are allowed to
build up on chamber walls. A NH; based process has been developed to etch MRAM

material. In a cycling marathon using a NH; based process on CoFe, it was found that after
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[ 0015] Et ch chanbers may be run in a deposition node, which neans that etch

byproducts on the chanber walls are not cleared after every wafer etch and

are all-omed to build up on chanber walls. A NH3 based process has been
devel oped to etch MRAM material. In a cycling marathon using a NH3 based

pr ocess oqhufdidng 1356817 REBE el byd@ino8ising b ek etWhidss, hher thd\dHamiEr Of
-metal cycling using CoFe bl anket wafers, when the chanber was opened, | oose

r esi duesasiapendie Idose msafuebinathk farawolitylackasovales eay ebiser&@uc Fuck sésttives impaeact

proper functionalit f the chanber over processing tjnme and n lead to
D o es PP URBORHY 8h ey b Eh oI S T L e R RS B e of

such regj i a loj ki I

R e s ST e e U R el A
exposedhé¢ hfepaesofparta ik swel elasroptativ ehuiel Zdedg wharthber wdlssardih geadrel yng 0 users
wor ki ng on chanber A mai nt enance, Enbodinents of the invention reduce the

f1 aki ngﬂaff%wagae&pqse% IoRlasmaias mstlas Pryghazadousier prrsensd saletyie Br@h¥OrkRe  whi ch

woul d ¢ i f1s.] ar : - j . G 1
e e nir R} ol EA A B oPIRTRSRBRREAEL R ARGTR sl PR
enbodi meitliout anpachag et povdss funetiomtlay, vdock wonidrgust driftsliayerdwase gldaced i n an
etch chanber (step 104). The netal containing etch |layer is etched (step
108) . THRCEss PRYMHICICLENG enpved from the etch chanber (step 112). If anot her
substrate is to be processed (step 116), then the etch chanber is

condi t i[00Ed byFKoriviephighdevebflaw chars planeembedimdnt pEthe gnvgntéon: dn thss al r esi due
in a seq ng. Se;[ tes él\t@l r\%ﬁhe e%&t arltai'r’u%Siegcﬁ?a ienist Eed Al b chsc; %t er (St stronger
adhesi on° ¥ m%lﬁl’faaggs AR ¢ S A EMEYMER o5 IRET BiPl4egS AT |nhtﬁle P18t state
(step 12Q).. THBetBl 6% End &clc R iDbeEed Biep [108). AhY s@strhtg iDfenpubbiémtias i s
processed. Wien the substrates are conpleted, the cyclical process is

st oppeftchapmperdsise é5%e 3f angthen substrage it bp erocessedistarsy 01 s threetehaghamr out .
Exanpl r I; t i i r W th
= CoFe T ooyt e R Bt B O el DB A s R
schennatthe metabs:sidse ot the seebnd/ state/hed steongéraadkesRilo wirfdveathsn betadb¢sepon24nardlt h a

CoFe etch. layer 208 di spos |l ow a nmask 212. In this.ex | e, one or nore
oy er < sngnc i Ste Gl MBS clb b heth comaen Betl s g AT AR R core. ot ch
layer Z08ce8ded! MehebREsuBEtFdes! ady &Impi&t8d, ansleyichieal pRvgkssdd doppli! DAL BrdcBsstd)e

manuf acture of MRAM a mask is placed over the CoFe etch |layer 208, in tests
of t he suplvesw ¢hambpr Jeangsay thempbeeataed @iFe etch | ayer is place over a
substrate, without a nask. [0018] FIG 3 schematically illustrates an

exanpl e of a plasma processing system 300

Example

[0017] In a preferred embodiment of the invention, a substrate with a CoFe layer is placed in
a TCP plasma etch chamber (step 104). FIG. 2 is a schematic cross-sectional view of a stack 200
with a substrate 204 with a CoFe etch layer 208 disposed below a mask 212. In this example,

~ one or more layers 216, 220 may be disposed between the substrate 204 and the CoFe etch layer
208 or the CoFe etch layer 208 and the mask 212. Although in the manufacture of MRAM a
mask is placed over the CoFe etch layer 208, in tests of the inventive process, a blanket CoFe

etch layer is place over a substrate, without a mask.

[0018] FIG. 3 schematically illustrates an example of a plasma processing system 300
which may be used in one embodiment of the present invention. The plasma processing
system 300 includes a plasma reactor 302 having a plasma processing chamber 304 therein

defined by a chamber wall 350. A plasma power supply 306, tuned by a match network 308,
Page 5



whi ch may be used in one enbodi nent of the present invention. The plasma
proocessi ng system 300 includes a plasma reactor 302 having a plasm
processi ng chanber 304 therein defined by a chanber wall 350. A plasna
-power supply 306, tuned by a match network 308, Page 5 supplies power to a

TCP Colislup%lgé\%gp%ﬁoegT@P%Bil%19@8@&&“6%&\5 hBoP8 18 Bt &F LAt hAT

:provi des to the plasnma processing chanber 304 to create a plasma 314
i n t he ppddadespqwan tefeiplgymahmotzssing Odambidnd 03 @Pcreaticla plaspeed14powke plesma ce) 310

may be configured to_prodyc unjformdiffusio rofile w thin processing

;:hanbgrpr%??ﬁlgﬁﬁbgo’é@%ﬂgﬂe%ﬁﬁ@ &"QE?T POV ﬁ‘i&f"‘geﬂ@dﬁﬂ _ iPOdeE@ne_r ate a
or oi r r : is

provi d?éoc'?%@geugarg%gﬁﬁaﬁgd%ﬁ%o‘%ﬂﬂg%oﬁﬁnrﬁg %*hlen bﬁggﬁa%eg gr ’§&(§4 v%i | e

al | ow ngilénémyy Heacopfigsret to gerchee I @rodal povdk@idtabiitioa ipltiespiasmehaideThe304. A

Faraday shield 360 is placed between the power w ndow 312 and the pl asnma
314. APodcR¥agdoshi H ¢ W%Vl@%isf@rsméateiﬂaﬁ TP pgil A9 ﬁ?}nzf%s, ma qIIﬁlinéPr %@

i ncorp e ' r i a r
suppl 5 R HloRind BlFLAAGHs Bhmihe TEF RS0 10 ottty Bafide M T 50
t o set shivdd B6(is plarked dgeveen tHehmvadr Winduw 3 Lbsid the ladthd 3Mki AhFaradsushiedd ised by
the el ectrode 320, so that the electrode 320 in this enmbodinment is also a

subst r glescrihed po S, Patent 71228, 3¢bnvhish peincamoraged Ryastarence gprall mapesggeAt o be

ul sed. - > 318 and
Fhe sungioap B Bag BONE Bl 8 oo P A T RN AP o e
mat ch ngdenodk 3306 @ tHediiaeeMagdien theriliooh |sebstRb Bindhichés duppsrtadibst thge power
supply 316 or in sonme other configuration to cause the bias voltage to be
pul sed.cletrode B2 Isp drat Srmelectrode 380 m this gpbadimeny) ig alsa aspbwratesswppPy- 306 and
t he waf bi I Iy, 3 9 | I 6 and
the varsenollold 238 RERE ariliegt BIEDIUR, HETIRARME S SO I 21

speci f itetwasi the aBHURACHRS 18 UEH tiassubétbite SUHPOR|0R bethdeh thdbids valtagbbgwer Mz,
400 kHz, or conbi nations thereof. Plasma tgower supg}zaj/ 306 and wafer bias

power supplyys18pad theyniteh apiwospd | hoebaywesnsthe corjrallep gy and thehigs veltagower s in
order to_achi eye sired process performance. Fof. ex I Ln on

erbodi N St A e b SRrR e R B e R b BisS s ot PuBRE 8y supply
t he povhtrbllerd2438EPoftts P ehe $laskPORON &Sy 386End HR WebEhiadiditagy @L'lo%ﬁ%e
power supply 316 nmay supply a bias voltage in a range of 10 to 20 . In

addi ti a6.the TCP coil 310 and/or the el ectrode 320 may be conprised of two
or nore sub-coils or sub-el ectrodes, which my be powered by a single power

suppl y [001990we Tad playmapbtvepsieppp o anduhpivafes biak @0REHeADvwah oupply Bldm@y 3, t he
pl asma _processi ng system 300 further includes a gas source/gas supply
nechanib§rﬁ03§svre¢%fé0@ea§te§bmee€i°irﬁ@mftf§§er§lqsiw§h a%%wﬁéﬁ@me, @%36%%%’&3 332, a

second ﬁggg% R@% RBIEEOHY GSnbinationd BEr QR pRRAL powRIGIIPIPHGH aRAREPGAL 9as

sour ces
power supply 316 may be appropriately sized to supply a range of powers in order to achieve

desired process performance. For example, in one embodiment of the present invention, the
plasma power supply 306 may supply the power in a range of 300 to 10000 Watts, and the
wafer bias voltage power supply 316 may supply a bias voltage in a range of 10 to 2000 V. In
addition, the TCP coil 310 and/or the electrode 320 may be comprised of two or more sub-
coils or sub-electrodes, which may be powered by a single power supply or powered by

multiple power supplies.

[0020] As shown in FIG. 3, the plasma processing system 300 further includes a gas
source/gas supply mechanism 330. The gas source includes a first component gas source
332, a second component gas source 334, and optionally additional component gas sources
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336. The various conponent gases w |l be discussed bel ow The gas sources
332, 334, and 336 are in fluid connection wth processi ng chanber 304
through a gas inlet 340. The gas inlet may be | ocated in any advant ageous
‘location in chamber 304, and nmay take any formfor injecting gas.

Pr ef er a3y ThPWRNIE CombHifond Bssel Biilebe ARYuRE] 6AGK! TUE @8s §irs 39D CIB48and Unabl e”
-gas injection profile, which allows independent adjustnent of the

r espect33oard individ tonrvetigraweh pracessing ¢hamber ddrethroughtagaspmlocs Thagiser 304.

The prace and byproducts are renoved fro he ,chanbher 304 vi.a a
pr 65 S UNBIELBAY PBIOCP B SBay el | GeaHoR PLQUHS® PLh AU MK A Ao i 344,
whi ch %J%&i%%a%e%fam,m HePerdttRat 1I(ﬁ;§llﬁ£ay BY &RBYLRA Wb })flﬂr(]igcé Deypinem

processi‘ng nber 304 and al s6 provides a gas odttlet. gas source/ gas
suppl y gzedtjestioanprdfde, which aldowoirdependyntt ddgusaoeritrod kearsig2tdve ooy thesgas¢sem by

Lam Research Corpor.ation may be us tq practice an enbodi pent of the
i nvent itBFi‘?u%'[‘?}SZ?E‘]‘?f‘!lﬁithe@rP%es C’Eﬁ’@b?rﬁgf’/'e%hﬁl%%%sﬁgaéﬁ? M@WB%{T“EE % conput er
syst emréﬁ)lgve%\?bﬁhhé Shadtct 364 GialdYredsHRS C%EE'BI: VMG 420 YRidHAk E%Ees% used in

enbodi nent s the present invention. The conputer system nmay have many
physi cakgdlawnmnd apyimpg344 eiichraldorsengs & mdintdin @ patticuker prassiresvithir thai t boar d,
and a snual|l handhel d_devi r%’% ug to a huge super conputer. The conputer

syst emRAEfa PEFSeag chBbgSU4s %a‘BP@&%Vé Sract 99tleta n e SRS SAMCE/EaHSUPRB ude an

el ectraqpi 1 V. de i ayi i d ot her
data), qgé%aa?lﬁ&%e%? g"“ "21%?2593}‘4 éo?lgrﬁggfnﬁééégy %@yﬁi%ﬁ?egﬁr age device
408 ( e.@orpotasion ndily bl udéd togyractice an ¢abbéinsmoofihe ideuntice 410 (e.g., optical

di sk drive), user interface devices 412 (e.g., keyboards, touch screens,
keypadqoomice PIG Of RhiPPINEl B18ckdBYEraRSsho @ik A condiflerssy el ¢aichas
interface 414 (e.g., wireless network interface). The conmunication

i nt er f awigable foram $iog ewaneollad 2d ased memhediments plethe prespritineaationhe

t tem 400 and ext | i i li.nk. Th |
ol udel e SO ERER Y THHF PGy PHGYER Sormeaaping O an iRt G Dus
Cr 0SS OVig{ntQBEircu@boBRE WRI K mh1® hikneld &ewcgalfp% Bt ke dofpbe aht BpMpLRs are

connect'ed. [0022] Information transferred via comunications interface 414
may be systemhdd0fioclniesfonsiogmaire pegetsomstia) ast fughemcanahdede anelegoniadisplpt i cal |
or other si | s capabl e of _being recgeiveqd by conmmuni cati interface 414,
via a c‘i?ﬁﬁﬁﬁ%‘i%géfqrgf?%ﬁ\yﬁw gr?%hlcscéﬁ?q’iaé ogleﬁﬂ%tlag agpgn H%F?‘%“B%'%h@ﬁfi% usi ng
wire or : ' td Ign i8E4 ) HemPIRIE stokdpe deic adi O
frequen%cg i"ﬁi‘?‘trzmﬁ‘@@’oﬁtﬁ%‘* %emc(g i’gﬁrd?:dﬁﬁlrilel s)’. enV\li’%t h sagh&g e
conmuni 4l (e@nptindl @iskatrbe), iuser istecfacd davpdeattdd (¢ pakeybhardsteudr scnasng

processors 402 m ght, receive information froma network, . or pnght output
P nf or neGYBALS BigeE ot REIkINE deyifes. el W OB HRIGRHAT g e fage ﬁﬁ)g@-gr,

above- d@ﬁ&l@és%ﬂwmtiﬁgﬁaéet CRfe cgﬁ‘lfntupﬁ:'é{f&{ ﬁl’terﬁg% 094 . REROHFARRL SnPhath Pfbe
present 1 nvention may execute solely upon the processors or nay execute
over a taeisfeprel betveden alse ¢dnepultertsgstarat400rand erfermat Hevaceswiid h linkenbhesystepcessor s
that shares a_ portion of the processing. [10023] The term "non-transient
conput ePay ds Hisiuderompynications ByragEwEig 419 (¢8> pepmmungrations bus, cross-

over bar, or network) to which the aforementioned devices/modules are connected.

[0022] Information transferred via communications interface 414 may be in the form of
signals such as electronic, electromagnetic, optical, or other signals capable of being received
by communications interface 414, via a communication link that carries signals and may be
implemented using wire or cable, fiber optics, a phone line, a cellular phone link, a radio
frequency link, and/or other communication channels. With such a communications
interface, it is contemplated that the one or more processors 402 might receive information
from a network, or might output information to the network in the course of performing the
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medi a such as main nenory, secondary nmenory, renovabl e storage, and storage
devi ces, such as hard disks, flash nmenory, disk drive nenory, CD-ROM and

ot her “f.orns of persistent nenory and shall not be construed to cover
-tranS|tory subject matter, such as carrier waves or signals. Exanples of

conput efo60d&cHR& Meﬁtoa%m NBurBReS oreS HethA%noAHHERS o Pifie PrésOifthl&fion 2Nd
files containing higher [evel code that are executed by a conputer using an

i nt er proedyesxecie splatyarpon elxcipdobessom dr maywyecaits ovdra neonpristsech asatie Itterantsini t t ed
by a conputer data signal enbodied. in a carrier wave and representing a
sequen&@nblrwt%wﬁétm%ﬁ PIORHOTLE WRES APREI tfithapw%@gsor [0024] The CoFe
| ayer is etched (step 108). Preferably, the CoFe |ayer etch first

cheni ca{DO%B]r ea@hs tem nnettranswlstw@mpa@rfr Qﬁdﬂblﬁgn%ﬂllrm’t’ Bl ush@fﬂ‘me&él)’d@ refet gl
nitride utters the che esul t,

chen cansF e df RO sbioRS it et RAPE R M etBef gRig
nitridegsch asrl@araiam@ﬂa@ﬂnféhmmchlmmﬁéfh&ry CD-ROM B &theSfosfit of p@sisiehie

substrate. Such netal hydrldes and netal nitrides tend to flake and
cont animemerytand skalbsetrbgtcenstfugd 26 pover @namlesuiﬂ echmadies huqh BT FES 010 et ch

t he CoFe | ay rovigdes a pres orr, An.etc f 100 sccm NH3
| °t ol goeRinee o Shmap e Ren du e mBelhe fide. SitnFbGh C%d 357 BRI 1500
wat t s %d'ﬂfes%‘ﬁfﬂimhgh%h@ﬂed@@oﬂ@tﬁa@ﬁﬂ@e&@&lt&ﬁ 8sHhputbl Wirds 4 idfipretef bi as of
1000 volts is provid to provide a sputtering. %26]The substrate IS

r enov eddmputert ieadablachedih ardyetso(tst copplite codd lfrar&nntt(brbby g adrsputer datd sigha) be
rocesse st.ep 116) the chanber is conditio t
P ot dudrthoeiR o kmler 3% ORI eting Db E0F s ioi (i areheet BEPES! due

in the aigystate has stronger adhesion to surfaces of the etch chanber
than net'al in the first state. FIG 5 is a nore detailed flow chart of an

mbodi g f h 120). |
thi s enBilnent i SOEYERE Rkl (L8N, PRl e QIR A IR 2D | o one
state, dhlemsdallgmemsltﬁamewn sush B¢ fovnéipch lﬁlstaeﬁy(ﬁ%)or nidtdlinfgide hind thdnep, net al

nitrides and net al drides are converted to netal oxides. Then a reduction
i s prowpyeers t@@sﬂg@éy reastedoneial 1A meeswibtciemiselly sepcted metelrpdidugsatich@gt al s

(step 50%211019{9&%9%@%1&3 rH?rPcFe esé ﬁepo)éﬁgg) %rﬁux?(i 2 C’ilg 1, 1nfaqtne%rfg{ghfﬁgr% tRe

oxi dat i'0 sure mmer 0 greater

than 5 qub&tdte. asnﬂ:hanéthlqudﬁtiegﬁldstﬁ@tm M&iRe ‘ﬂerﬂrtﬁiﬂfaﬁé and\@ht3Rinseqhe Subdtrats.
flowed into the etch chanber. TCP power is provided at 13.56 MHz at a power

greaterp nob5 and 80
scem NES ?ﬂt o ?%e % @ﬁe %P%Q%Ttéeifﬁroé‘é&%ﬁdeco%tchéthé e6F PRyt R951dé0a presr&S

2 mTorr. An etch gas of 100 sccm NHj is flowed into the chamber while a temperature of
120° C is provided. 1500 watts of RF power is provided to form the etch gas into a plasma.
A bias of 1000 volts is provided to provide a sputtering.

[0026] The substrate is removed from the etch chamber (step 112). If another substrate is
to be processed (step 116) the chamber is conditioned by converting the metal residue in a
first state to a second state (step 120), where metal residue in the second state has stronger
adhesion to surfaces of the etch chamber than metal in the first state. FIG. 5 is a more
detailed flow chart of an embodiment of the invention for conditioning the chamber (step
120). In this embodiment to convert the metal residue in a first state to a second state, first an
oxidation is provided (step 504). During this step, metal nitrides and metal hydrides are
converted to metal oxides. Then a reduction is provided (step 508) to convert the metal

oxides to native state metals (step 508).
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[0028] I n ot her enbodi nents, the oxidation step may fl ow an oxygen

cont aining gas such as 02 or CO The oxygen contai ning gas nust have
suffici-ent oxygen to oxidize the netal containing residue. [0029]1n other
-enbodi ments of the invention, the first state is a netal oxide. In such an

enbodi Bed7) ONkYa GRRIFRGRm Zﬁse S5l QerSQH\HQm%Qﬁ oARdafibn RXéHS04) One! ement al

-metal. In other enbodi nent the second state is not elemental netal. In
one entmetiserin thet dieh cletrder isset o @eatatthare5 stlatreand/e fiew iof 80 stant ©:eed al is a
netal that is elther an el emental nmetal or _an alloy of dlfferent el enent al

met al s, gredernthan 3¢ sremmehas Bowpdintethe;ephschambrr. nECF B%f‘f i§Prqridedal fpi8s of
metal s Mﬁz Q%B{v}éxlegrg%tg#ﬁlaﬂgdo RReSCARbthE] éx J of Bé&;dé Ftotx@z@fs erC&Qnd Fe,

Ru, Pd on t they forma g § netal m that has good
adheS|dms&hm@ﬂ@hh&themhehaﬂhhe a natlve state nmetal may be a CoFe all oy.
In such enbodi ments the netals will be in either elenental state as pure

stand gpg28 MeiRbther erfbdBithents kBe 6RidGidH 48P Ay K anfdxly?ér?é&ltalﬁﬁ 384 ﬁ&hOt her

enbodi ments, other etch chanbers such as a capacitivély coupl ed etch
chanberas r@tyortﬁé) uSbelox 280 30hthminggss meyst bangouifaent oayganite okidiarthe owetalt he

met al res due is. ron nitride. The oxidation treatnent converts the iron
ni tri dePEPPOIFEXFde. The hydrogen reduction converts the iron oxide to
elenental iron. In different enbodi nents, different nmethods nay be used to

provi dd092Y r el etheimmbadiments shihieanvensign.dhe §xst datering mesalpsidee dn s¥ehe ve out
d
Oxygen SRS Uy 8 ALE TRIRLe ul ATRKIE, BRRRSITRRly el o0 on T

enbodi reodithéits,aké stzbhdftansndryelimenl nieauli omrentbodimentf e mrtaldiiniang a

singl e process. In another enbodi ment, another substrate is placed in the
chanbernating siite A Bafaietstasnmetal issa petal takiseitien anclemental peiel oraa alley Ph t he

eteh ¢ h(ﬁﬁgrent elemental metals, so that the metals are not ions with no reactivity. Examples of
metals in a native state may be metal alloy or mixture layers of Co, Fe, Ru, Pd on the wall
such that they forma good metal film that has good adhesion strengths. For example, a native
state metal may be a CoFe alloy. In such embodiments the metals will be in either elemental

state as pure stand alone metal or a mix like CoPd film or FeTi film etc.

[0030] In other embodiments, other etch chambers such as a capacitively coupled etch

chamber may be used.

[0031] In another embodiment of the invention, the metal residue is iron nitride. The
oxidation treatment converts the iron nitride to iron oxide. The hydrogen reduction converts
the iron oxide to elemental iron. In different embodiments, different methods may be used to
provide the reduction. For example a metal oxide may be heated to drive out oxygen to
provide native state metal. In another embodiment, irradiation is provided to convert a metal

oxide to native state metal.

[0032] In another embodiment, the oxidation and hydrogen reduction are performed
during a single process. In another embodiment, another substrate is placed in the chamber

and the conditioning is performed while the substrate is in the etch chamber.
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[ 0033] The el enental netal has been found to adhere better to the chanber
wal s than netal hydrides and netal nitrides. In addition, it has been
found "t-hat subsequent depositions adhere better to the elenental netal than
‘nmetal hydrides and netal nitrides. [0034]1n addition, it has been found in

enbodi npedy of ThbelehRHAD IR hhdBHen D AABEB Bedr tb AR dRafndEr Wik @aes al | ows
-for a nore stable etch process. In enbodi nents of the invention such stable

et ch proetekigesidbsarel metalmigwdes s Irdaddition, érds bheenl foosdthatsibseduent dapositionn.
[0035] T t clean replaces t arts. for new or clean parts. The dirty
parts ai’pgert\gﬁ’éﬁerstgzlﬂe ¢lgmeniglmeta &mﬁ P’&ﬁﬁ%&i‘de&ang@?e&ﬁﬂt@ . The el enent al
metal does not reduce transm ssion of the w ndow because, the Faraday

shi el d [88¥]i s | eddatdon, i hap beerhiapnd in embpdimpats efithereveptian dyet $rexchangipg” shi el d

360 is und a h slats in it.. The shiel d has two purposes: f.jirst the
hi el d SEHRORRE MR ARty b2 pils seble RO e PrrB SRR st anc
second dublestable@tdh rbéeayeds hhh@p@Fﬁ@égsmmﬁahs 16dse Ipdisicleoforagsort hr ough and
create plasma. Since this shield is grounded, all the netal residue

deposi t it: | i i : esi due
deposi t@oﬁlom fT Pg\%eﬁgg%?#eggdr@ ESf {ci}é r‘w’?ﬁﬁf"? gg‘ggtr IS%?? P(E:II%Z?B% ?\E’ﬁ ﬂ&%g@{ gilfl | on the
waf er. defOf36Mimica ttdatrsert ov ecid ickand Jhe blarenthd aetdl koes nat rédicatrandmisaver al

preferred enbodi nents, there ar |.terations,, p]ergét ations, and various

e . )
Subst 1 taitee BeuoVAeEntSs, hefarray shirldab0 i Hagn Sacshamber SERbol Bkt i on. |
shoul d @BEQW%a.”?ﬁi?ghiEfa%oti?g#o nﬁédealmg sl"i'tls.tirﬂtnﬁgé %?el)ﬂ\’?){étvw L}]rgme Rt 1 Ng
t he met hods and appar at uses the present invention. [t iIs Yherefore
i nt endatle thialid stdps thohdmolatiie Eyppeiudsdrah adacbinhehd TCR minddve dndasecomt thedi ng al |

such alteratjons, pernutations, and varjous substitute equjvalents as fall
wi t hi n shicdd ellores g ielectromagnesis Siskdsse pessdhiopel and cresfe @lsmgnSince this shield is

grounded, all the metal residue deposits on it. An embodiment of the invention prevents the
metal residue deposits from flaking off or forming loose particles that would fall on the

wafer.

[0036]  While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and various substitute equivalents, which
fall within the scope of this invention. It should also be noted that there are many alternative
ways of implementing the methods and apparatuses of the present invention. It is therefore
intended that the following appended claims be interpreted as including all such alterations,
permutations, and various substitute equivalents as fall within the true spirit and scope of the

present invention.
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CLAI M5 What is clainmed is: 1. A nethod for reducing contamnation in an
et'ch chanber, conprising: placing a substrate with a netal containing |ayer
in the .etch chanber etching the netal containing |ayer, producing
-nonvoLatlLe metal residue deposits on surfaces of the etch chanber, wherein
some of the netal residue of the I idue is in a first state;
-renoving the substrate fromthe e??%gé%gﬁger; and condi tioning the
chanber%%X&co ver Jng netal residue in the first state to netal residue in

1S C 1me . .
a secon at’e, 8ie metal residue in the second state has st ronger

adhe5|on to urfac of the etch.chanber thﬁn nmetal residue in the first
state. - gredyeing sentaminatign dn an gfch ¢hampez, comprsg: net al resi due in
t he flrst state is at | east one of netal nltrldes or netal hydrides and
wher ei n net aMagiegf sibstrpts wilea Bistabpentaintgdayes inthest¢hhambat,e netal . 3. The
met hod, as recited in 2, wherein the conditioning the chanber, conprises:
provi di ng amtdﬁhgidmirmtaltcmntahﬁug}ayem pmdating @asvolatre nodtal meticale depositsdms or

met al hs)(ldfralce%% the etc gfam%er vs)/(heggm sgrrrlle of the metal residue of the metal residue is in a

first state;
removing the substrate from the etch chamber; and

conditioning the chamber by converting metal residue in the first state to metal residue
in a second state, where metal residue in the second state has stronger adhesion to surfaces of

the etch chamber than metal residue in the first state.

2. The method, as recited in claims 1, wherein the metal residue in the first state is at
least one of metal nitrides or metal hydrides and wherein metal residue in the second state is a

native state metal.
3. The method, as recited in 2, wherein the conditioning the chamber, comprises:

providing an oxidation to convert the at least one of metal nitrides or metal hydrides

to a metal oxide; and

providing a reduction to convert the metal oxide to native state metal.

4. The method, as recited in claim 3, wherein the providing a reduction is at least one of

providing a hydrogen reduction, reduction by heating, or reduction by irradiation.

5. The method, as recited in claim 4, wherein the etching the metal, comprises:
providing a chemical reaction of the metal in the metal containing layer; and

sputtering the chemically reacted metal in the metal containing layer.
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providing a reduction to convert the nmetal oxide to native state netal. 4.
The method, as recited in claim3, wherein the providing a reduction is at

| east "one of provi di ng a hydrogen reduction, reduction by heating, or
-reductlon by irradiation. 5. The nethod, as recited in claim4, wherein the
etching the netal, conprises: providing a chenical reaction of the nmetal in
-t he netal contalnlng Iayer and sputtering t he chenically react ed netal in
the metal c cited
i ol it 6. (s en Bk i 895 2wt The FRuionins PSR IR perfimlels) ' o
an al | ayafeflesat | east two elenental netals. 8. The nethod, as recited in
claim?7, wherein the chanber has a power wi ndow and a Faraday shield, which
reduces residue deposited on the power window. 9. The nethod, as recited
in claim8, wherein the Faraday shield is grounded so that nore residue is
ggggﬂ |t‘§2| ggﬂi hn?et dqr?gZ%(Clth 11 cla } @an erFm tﬂgnﬁlve S te me 1s’d61§1ré?i V‘Q@]ﬁ%ﬂt@l the

onver resi epOSI ar ada
shield rh&alrk&tdn\/aﬂos?bﬂﬁﬂemh% elemental metals.

8. The method, as recited in claim 7, wherein the chamber has a power window and a

Faraday shield, which reduces residue deposited on the power window.

9. The method, as recited in claim 87, wherein the Faraday shield is grounded so that
more residue is deposited on the Faraday shield than on the power window, and wherein the
conditioning the chamber converts metal residue deposited on the Faraday shield to native

state metal.

10. The method, as recited in claim 1, wherein the etching the metal, comprises:
providing a chemical reaction of the metal in the metal containing layer; and

sputtering the chemically reacted metal in the metal containing layer.

11. The method, as recited in claim 1, wherein the conditioning the chamber is performed
waferless.
12. The method, as recited in claim 1, wherein the chamber has a power window and a

Faraday shield, which reduces residue deposited on the power window.

13.  The method, as recited in claim 12, wherein the Faraday shield is grounded so that

more residue is deposited on the Faraday shield than on the power window, and wherein the
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10. The method, as recited in claim1, wherein the etching the netal,
conpri'ses: providing a chemcal reaction of the netal in the netal
containing layer; and sputtering the chemcally reacted netal in the netal
-containing layer. 11. The nethod, as recited in claim1, wherein the

condi t 'cQﬁ‘(.'hHthQ eheCIRARDEF cdn%eﬂ@fnfe%'[ f'@%ﬂiu\é@teﬁésllt@§ on thell?ara(iﬁg%hﬁﬁi fafdtives

-recited in clarm1l, wherein the chanber has a power w ndow and a Faraday
shi el dstatdfunetalreduces resi due deposited on the power wi ndow. 13. The
met hod, as recited in claim 12, wherein the Faraday shield is grounded so
that nore residue is deposited on the Faraday shield than on the power
wi ndow, and wherein the conditioning the chanber converts netal residue

deposi tjgd orrpehgerhidd, ad Akitsd e dviiePeiR @ld ee%dﬁfoatnﬂg A8 tmbelomPiRedT®t hOd, as
recited in 1, where’n the conditioning the charfber, conprises: prOV|d|ng an

oXi dat! on to c():\pdmg i-n %(Qﬁtlggko +on';/81§lcr]lgeur§ettapr dﬁgE :%mt%élll g%’dea}ﬂﬁ providing a

reduction to conv oxXI 0 na ive netal.  15. The

nmet hod, as reci in cl native ate tal is either an
el enent i neFaTITGE AROSHPRP SHvat el prge B R RERN s 16, The

met hod, as recited in claim15, wherein the providing a reduction is at

| east one of providing a hydrogen reduction, reduction by heating, or
reduction by irradiation. 17. A nethod for reducing contam nation in an

et ch cHanmberThgiméthed, powsitedimelawm bhdvhersintlzorafive Biatd metabisgibenant o t he power

wi ndow, . C
elerr?er;rl?al metarﬂ%r an alloy of at least two elemental metals.

16. The method, as recited in claim 15, wherein the providing a reduction is at least one of

providing a hydrogen reduction, reduction by heating, or reduction by irradiation.

17. A method for reducing contamination in an etch chamber with a power window and a

Faraday shield adjacent to the power window, comprising:
placing a substrate with a metal containing layer in the etch chamber;

etching the metal containing layer, producing nonvolatile metal residue deposits on
surfaces of the etch chamber including the Faraday shield, wherein the metal residue

comprises a metal hydride or metal nitride, wherein the etching comprises:
providing a chemical reaction of the metal in the metal containing layer; and
sputtering the chemically reacted metal in the metal containing layer;
removing the substrate from the etch chamber; and

conditioning the chamber by converting metal residue which comprises the metal
hydride or a metal nitride to a native state metal, where native state metal has stronger

adhesion to surfaces of the etch chamber than the metal hydride or metal nitride, comprising:

providing an oxidation to convert the metal nitride or metal hydride to a metal

oxide; and
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pl acing a substrate with a netal containing |ayer in the etch chanber;
etching the netal containing |ayer, producing nonvolatile netal residue
deposi't's on surfaces of the etch chanber including the Faraday shield,
‘wherein the netal residue conprises a netal hydride or netal nitride,
wherein the et chiggvidERI re@®stion to cHiveHi thé MdtaR oRIABRD Gative seAE el of the
‘nmetal in the nmetal containing |layer; and sputtering the chemcally reacted
metal in the netal containing |layer; renmoving the substrate fromthe etch

chanber; and conditioning the chanber by converting netal residue
whi ch [ t tal. hydrid tal nitride t t] t at
metal . Whor CIRAPRYESEE Rl L8 i g afs Pt biecketels phlsa oF of e

etch _cgﬁs@efngtah@aragaﬁ réRicBbn, WYElIctiR b hedRiodbr RULdtIRDY iHadRbSI Ng: provi ding
an oxidation to convert the netal nitride or netal hydride to a netal

oxi de; and providing a reduction to convert the nmetal oxide to native
state netal. 18. The nethod, as recited in claim 17, wherein the providing
a reduction j.s at,least one.of proyidin hydr.ogen reduction, reduction by
neat i ng? or MEAIERPEAS B R Mttt 1 orvhery thatrd P R SRS od i n ol ai m

18, whgjetfofnéd'®afeplash. t i oni ng the chanber is perforned waferl ess.
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