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TI TLE OF THE | NVENTI ON: METHOD FOR REMOVI NG ORGANI C

ELECTROLUM NESCENT RESI DUES FROM A SUBSTRATE

BACKGROUND OF THE | NVENTI ON [ 0001] The i nvention

relates in general terns to inproving a process for

produci ng an organic light-emtting diode (OLED). In

particular, the invention 5 inproves the process by

providing a dry etch process to renove organic

el ectrol um nescent residue fromthe surface of a

substrate such as, for exanple, a shadow nask,

thereby extending the life of the mask and increasing

the efficiency of FW@&@BJ@@S'NV[E(DU@QN Organic |ight

emtting diodes (OLED) such as that icted in Figure

1 METHO FOR BEMOMINGtRGANIGE 6§TR NHNESQEé\H'tRE IDUES

multiple layers of nmafBOMASURRIRAEE organic

materials on a substrate. Wien a current is passed

through the multiple layers of organic materials,

light is enittedBAGKESREIINP QﬁTHEQﬁVENyQTépendent on

the type of materials. [0003] In single-color OLED

dedPQWMd or The kyertipn relgtesdn ganerabierrmisdMPEIMNG 2 Brocgssior

t h%%&&rngaaw &rgérﬂé’ﬁéelﬁ eﬂﬁ.ﬁngetodeabtmpem Mcﬁrethfe%ﬂéﬂﬂon

as cont | fUOUS ticol or OLED

de\wn@@yes;thedqre@ﬂsaw P6eViding A wetebpmceamemoyﬁloa@lc an

or %ﬂi&g&uprﬁrllé%cbﬁ‘ﬂ rﬁglﬁbé‘ﬁoﬁr’tﬁle Bkfeldr %%B%éte B0cH &Y 96r dxample, a
formed as a continuous |ayer over and between the

f i sbadaw mesk.dhereby axigading the lde obive r@askrﬁﬂdenffra@%%the;ﬁfﬁc’ency

adj,p rBrogé%Sorganl c light-emtting |layers are then

formed ‘over the continuous hol e-injecting and

ho'[@OleanS@Fd'atn'id'\% k @h‘\ﬁtrngn&_ s (@ﬁ‘.@[ﬁ s0gh adthat B@plé’tég #Figure 1

materials u ormt attern, 1s selected to

pr &an de canstryctas ki depositing png g’leetrlng mglﬁpleé@ﬁeé%Pfdﬁaﬂer@'msach as
'Epéa%c?ﬂ #AdIsRY Us‘tfﬁteomﬁjé §9rlréﬁf |é srsﬁﬁﬁ’rﬂﬁ?@n {re multiple
| ec rlca potentl a gnal s [?_ t ween e

f| rIaMerSa@fcprgeuemt@a@etlgfﬁ@h‘eemlttzg [beeerpr oldiaht is dependent on the

eacﬂf'n?eﬁe s OLED di spl ays can be achi eved through

varlous ods as detail ed above. One of the nost
COIFtY3) Cur Fn%gléT%lBPéEEdee%eéQ br d@blé@é Ao QRN ERABEHBHe
the usé of one or nore of descri vapor sources

an®@LEDs, fhese organic layers are not patterned but are formed as continuous
layers.

{0004] In multicolor OLED devices or displays or in full-color OLED displays, an
organic hole-injecting and hole-transporting layer is formed as a continuous layer
over and between the first electrodes. A pattern of one or more laterally adjacent
organic light-emitting layers are then formed over the continuous hole-injecting and
hole-transporting layer. This pattern, and the organic materials used to form the
pattern, is selected to provide multicolor or full-color light-emission from a
completed and operative OLED display in response to electrical potential signals
applied between the first and second electrodes.

[0005] Color pixelation of OLED displays can be achieved through various
methods as detailed above. One of the most common current methods of color
pixelation integrates the use of one or more of the described vapor sources and a
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preci sion shadow mask tenporarily fixed in reference
to a device substrate. Oganic light-emtting

mat eri al enployed to create an OLED enmitting |ayer
such as, for exanple, an al um num qui noline conmpound
("Alg"), is typically sublined froma source (or from
mul tiple sources) and deposited on the OLED substrate

t hipeatiiorbsHdaewanpask tamafandyff xel én adfergneito deviice substrate.

o 254 R R SR oS R Nl on .
of far exbm’pteggnﬁaa.mg?ll.lrgltmuirméne:mmIamlrmdr(gﬂdq’ags hipzably eublimed from a
VSR8 GErEen Ui rost] Saf BER G PRI LED sl throuan

pr exsoieh droaedf the ligrefdi precision ssaddw mask.ofhis physieal vapor

0 UBPesn D) Biegidch ¥ 2BREH e By tetse of a
s ubebteatvapolddurdepiantaiming vapdm:lablatoegarmi OyBBenatsrizindhe organic

va%gﬁrt?r:djaz quﬁ'gt\/'a%'r;sm%?(%g? ?\FS%B é@%p §ufg %I%ﬁ \§qu greggﬁlie% Bffect

su bﬁtde’:mtt su mimqﬂbn af t-has:rgmni«s mafEriat cremting a vaperaus weganfamaterial

SIX% E‘P?E%%r {Qeqn;g t°§"' n@?tﬂb EBbsg"E)gfgiﬂs Wﬁlp% H&sk-substrate

Webh@ﬂnelﬁt@\aﬁu Qapor&iebbﬁf onsf canrbecersplgyed tocepbsitia aatherolof differing

R0l BB SRR SR bR o, o
desixaegleqnesiradf pdtleen slred] gretr,. anldrduecpige!s oustibpifels drean OLED

l d h
b B e BBSBls Sty e e A TER ot
dewmet\mﬁaon@éd GdribiSproddre in the vapotioti nratértal plomedsdepgsited onto

o AR E LA R AL e L bIES Feioger uah L rierl AL gegosted

l S offb thenhaed masks, hl@roegm)wmd:haﬁidmptle degdsitions @e todse made. The

ac uire nore sha drives, up. t t
RESIRaER et BTG VBmeTtetble orubelerepy Farkidfind fmask

t hiuiwu%m@ aﬂ@%rﬂ%ﬂ@quamt@ﬁumbe&lﬁ@éﬁb&nmth Tews htha gnanufacture is
rocesses i,n cal s .have.t he

gXFSB%LiIIW& ?H’ée ngglag{}.ﬂ%arf rwéqeaaﬁgcqlflr& gr% s&ﬂgﬁa\k%as% which

et cfiveg up FHCEeBs efthe nemufetuing@pefationenoval and 25

di sassenbly of the process chanber fromthe process

| i meo@s)d/ OTI'oltHiEEeﬂérﬁtQﬁatrseclﬁ)f'emdLhe cah aeioianad By wes etching

flxturestoll hem ution. uch [ uti
carPragesses, (st g cgiso ?( pgtﬁat?ag iogﬁmqsﬁ'ﬁnt#% ></>85]|S.§1tc>r to

i fﬁatrz]alidbﬁs usias. uwaé efonmg/mcvsdemgba rehcuremee fesnoval arg:bq

in the ar [ a s t hat |

o1 lreadabiuie! bneghrirass hRmoBr BT Bt PRI plfhoure o
a Ihdsharaber mats fixtured @rligaaighical solstiendo\Buch sklutiGs can also
m'dca%a%\éothg ‘:%Ihat o%v r%zasraen g}éﬁlpca%%yﬂr%ﬂ%%rsrgful life. Accordingly, there is

a need in the art for a dry etch process that can be used in sifu to etch organic

electroluminescent residue from a substrate such as, for example, a shadow mask,

which avoida the aforementioned problems.
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-2 BRI EF SUMMARY OF THE | NVENTI ON [ 0007] The present
invention satisfies this need by providing a process
for renoving organic el ectrol um nescent residue from
at least a portion of a surface of a substrate, the
process conprising: providing a process gas conpri sing
a fluorine 5 containing gas, optionally an

oxygen- cont ai ni BRIEFRRSUMAMMRY BiF THEEINVERRICGNIi t | ve gas;
activating the process gas in a renote chanber using

at [060F3t ofiee presenfyimantion satisfies fhisoneadicby praviting e process for

\?VI p?%ﬂﬁ?ﬂ fég S%aﬁo@éc%%mrﬁmegcgﬁ& %Qﬁib?ﬁ?rﬂoét Ié&?a}%ﬁ%ﬁr&paesurface of

Ct1Ve specries
t ha smbgmat'epthelpmness bunnrpnsmg: enevidieg a doeces$ gasrcomprising a fluorine-

f " )
Isﬁ\rcr‘gﬂ ffing ?ﬁs[ 88 é%ll%grbﬁgpgteeneéo ?a?rﬁﬁg? é %Plﬁ é)Bg(r?rSazlgtag additive gas;
el acn\ramhﬁ thegrecesstgasds aderestefchamber ssing atleastfone esieegycource to

fhe process co
e PR IPE SR B HS o Bl it B 3EpRRAL B e
i s redctive apécigeatotviotdtilize arabeewveithehorganioretssirpltiminescent re3|due

el H@le%mrf scent residue; providing a process gas
E‘% ‘l uorine 15 containing gas, optionally an

et ohrRirRY s8B%a. e BroEfh AibY oS frotésstae:
at réreadhg organirsediplBunesvent residiies fromeesiiriace of pebadmy mask,

f gli ‘r’lﬁjlrtoicé1 ecgog'reepr%fp ' 8&%@ ng 4 thlé' Bﬁ%gougr%ggl{ reﬁpfﬂgisﬂédcﬁ\ﬁ énask

renpvin
at cbmpsitesoasunarleahatlie apleastpattially ooatethevith aha:dgmiwras K.

20 BR DESCRI PT]I | HE \
&%}rg@%ﬂ\ﬁs&eﬂt reglcci)\!s g:%vjﬁiR@#oo\é Ell_gng{)mlj P}@
or g:amlacnu’lg gﬁ!i, opmartatly ag oﬂygede:on(eﬁulﬁg)gas [andm}lorﬁllg @nadgitive gas;
n.seco
d N &Fté‘%é'"ﬁ ?’&WE?%&%%%F rgtglﬁ% érﬁgfn%%? ué R&B?I{agéthn% én@rgy source to
ac formateadtiyer speetes; grasactiog the msldgemlﬂmlwrdactm saedeato form at
| a act ] vat ce
org? 6@5@8 qudélc ﬁg Béjmcg\fmqs E\ﬁ,gagfeggg%ea\(&nét d% Bmdﬁct from the
Celshadisv wesskus etch rate in nanonmeters (nm per
mnute (mnute) for a renpte plasna activated process
gas containing NF3 and a renote plasnma activated
process gas containing 02.
BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS
[0009] Figure 1 is a diagram of a prior art, typical organic light emitting diode

(OLED).

[0010] Figure 2 is a plot of time in seconds versus temperature in degrees
Celcius that compares an in situ plasma activated process gas containing C;Fs and

0, and a remote plasma activated process gas containing NFs.

[0011] Figure 3 is a plot of temperature in degrees Celcius versus etch rate in
nanometers (nm) per minute {minute) for a remote plasma activated process gas
containing NF; and a remote plasma activated process gas containing Oo.

[0012] Figure 4 provides the elemental analysis (EDX) spectrum of an
unetched substrate containing organic electroluminescent residues that shows it



10

15

20

25

30

30 [0012] Figure 4 provides the elenental analysis
(EDX) spectrum of an unetched substrate containing
organi c el ectrol um nescent residues that shows it -3
contains C, N, O, and Al or the al um num qui noline
residues (along with the wunderlying silicon
substrate). [0013] Figure 5 provides the EDX spectrum
of cantminssl,INt@, ankitAdor tecdlumipun quinaine residites (ploag wth the
actj vat ed oces contai ning NF3 at 50C for 100
seé’gﬂﬁr "?gngpmnSs i)ﬁ%%é)lt contains C, N, O, Al, and F

th S he eLg ]

o S0 Bl A RS B R By B bl Ot win
af tremotet pide nnay aahvatedaarome:smae cphtaiimg Mics atGaf @ dorpilldc=esends that

as, cont.ai ni_n E3 at,,1 2C ;

nabof? GBRe S N Al e 5@’9 i3T5 TP Stch $3fs e Hffvmin
Th ")

o 19T R Pretts R E Bpadllnl o £ il aiericemy i o
a pemo‘espﬂasfrm actbated prgcass gan |contae1ir@dt~llfg:atdr‘iﬂ?@§n'é|@tseconds that
res PRl K f

b gtt t‘%er?gé ngf&: (%as”ilccglrr%)r‘ gé]d g\g gnlﬁﬁll 3ﬁ(§ef?§1 rGte was 494
prmmaiemn gas conprising a fluorine-containing gas, 15
optionally an oxygen-containing gas, and optionally an
additive gas; activating the process gas in a renpote
chanber using at |east one energy source to provide
reactive spefIETHILEDDESHRIRTIOM QR THE NYEMEONT t he

substrate with the reactive species to volatilize and
r erf@@15]t he The geasent ivvantion prayides @syecassifersemaringrasganite

Sur ?r%lu n%QeJCQRﬁﬁLPI? ?romeﬁ?@a%f a ggrtfoh of Qrsﬁﬁﬁég of a substrate, the

|nven Ion 1's use
eI @roceshs mmeso@mrow@sg aumcefss @as a@mpétasg a fuprine-¢entaiping gas,

% ggﬁg o%/%@n gﬁ'ﬁ%}]@a Itﬁgal tﬁfft%a@ atglvatlng the

t heprocpﬂssgasm airern¢te$bai'nherrttalng atc_leaﬂ em: Ienergv soursaio AEpvide
or %‘Q&t@e %égcﬁ%g %H@oﬂt%é@%e sﬁﬁé% Sthe E t%[ﬁ]a{ehﬁltﬁ ! dctive

ates Bt Vari

f | xsipacnes tcwidtiize add pSnovecthe Drgwlmedm,lurmuesowt rasidmmf@m the
’su}(%&'éd inlets and outlets, showerheads, work piece

pI atrorms, and the like vvhlle m ni m zi ng darrage

RO, o REBIRES  BEFrbenFRATRED 5 LA P g
electroluminescent residues from at least a portion of the surface of a substrate
such as, for example, a shadow mask. In addition to etching the shadow mask, the
process disclosed herein is useful for cleaning organic electroluminescent residues
from the inside of process chambers and the surfaces of various fixtures contained
therein such as, but not limited to, fluid inlets and outlets, showerheads, work piece
platforms, and the like while minimizing damage thereto. Exemplary process
chambers include PVD or other evaporation deposition chambers that are used to
deposit organic electroluminescent materials on the surface of a substrate. The
surface of the chamber and fixtures contained therein may be comprised of a
variety of different materials including metals, such as titanium, aluminum, stainless
steel, nickel, or alloys comprising same, and/or insulating materials, such as a

ceramic, e.9., quartz or Al,Os.
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deposit organic electrolum nescent materials on the
surface of a substrate. The surface of the chanber

and fixtures contained therein may be conprised of a

30 variety of different materials including netals,

such as titanium alumnum stainless steel, nickel,

or alloys conprising sane, and/or insulating

maf@ei7Al s, Thaimatesial ta becemaned from toe surfacereingorieanBR(S converted

Bgifr%%oggélldT%% \mt% H‘@ en%:PaR)e\for ﬁf@b’l%gg{,té ttaréereﬁpg %ﬁﬁ)ved by

eaned 1's ¢co non VO
rmlaedalcalllm mm \Mﬂ'l:rathel peogase ghambert cbraxthexmearrsad" heyierm “volatile

" R Yas RUHHUITIBUER irddtliy é:fb‘au B3OS the

'means. erm Vvo as use
hemﬂqtlpn betweeashe orgaaa@ﬂeomnlumlmgentsreadulesaqncme@dt)@t@emes

ol gg F}%SSDJ rﬁ%ﬂi&th@% [?rrgééélﬁﬁ%gsc%%ﬁg&lg@%’f ol\'/lrée-gontamlng gas and

f onp‘mhdﬂy an oiygeat gasgpna/qrraddidiss gg@sUnIMpnemang:ah wet-etching,
SRS 3L B e BABI e P YOR b Fcoscary

an téquiredbéd mmalabalithe grapess elsatssr fltohethprmmms liok: snd/osthe

her )e(;'nc'?su §fsthe %ar%gre%qu[s f[x% res qu}ﬁ' dec prﬁcafl gg@}f@ﬁs of

thé rocee chanber cess I ne and/ or the

10T 1 el RT3 84
| nwomuess)gas nmhprme a fleoreegontsinipg ges, aiptignally aproxygerscontaining

§ ,S%{e%!répﬁg %lgl n Anc}ﬂiﬂfvle ggsc gﬁé 3 ?Q@%@?%m«g ﬁ&ﬁa\%gﬂt 49 descrlbed
g asbelo"vlh erqmcteselsesagevatedcapeeleamat mctstlt{samtbstchdaSothe organic

b ISR o PR A B
Pr éhyerefheri€ loidy, iFa e?ﬁumne)a INfrs (njtrogesdsfluanicel &‘éFd—(lﬁhIonne tnﬂ uoride),

%ﬁs ?Jd flﬁgié%)?aﬂ@{%ﬂ@( Cwﬁ cgrﬂ frb |u5}ﬁ)e&oér\'.5§~é d&&ér{é@g%oﬁde), C.F,0,
( smﬂd)%alm flaanicsf) | pepﬂluodm)arbdﬁﬂ@u hnas |C<F|sy¢zFE | @HEB,! @&y taG3F3N3
PRl GobardBh Hivas GF iy SR LK. dfrhlibons such as C.F:0
hy(dmerﬂmmotetraaydmﬁumrs et cxygenidta] bytiofD®Fatdrans. such as

O SRR AR P, mpotuoriessu

hy a@s ﬁﬂsm (fuardxgtnflusocietrese (RYM))@ENdFD-CEL0HT big-diftgproxy-

i £l uor Ydte © ) )
T SR B 0 ST s SR 2 o
FOn@EﬁyI@ércMﬂa(Bd’MH)chr@a@-F alc. filummmmdémswh(asms}o -0-0-CF;
| uor aper oxi. de
(el THolRBRES ST G M PR afBlng) Juoniyies suen as
f | FMN (pedfiictemcetunithilel T, EHB (perfDo@pthiFionitrile), and CF:NO
(trifluoronitrosylmethane), COF; (carbonyl fluoride), and mixtures thereof. The
amount of fluorine-containing gas present within the process gas can range from
about 10% to about 100%, about 10% to about 95%, or about 10% to about 75%,
or about 10% to about 50% by volume based upon the total volume of process gas.

[0019] Iin embodiments where carbon is a constituent of the fluorine-containing
gas such as, for example, when the fluorine-containing gas is at least one selected
from the group consisting of CsF3N3, a perfluorocarbon, a hydrofluorocarbon, a
hydrofluoroether, a hypofluorite, a fluorotrioxide, a fluoroamine, and a fluoronitrile, it
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25 etc., fluoroam nes such a CF5N

(perfluoronethylam ne), fluoronitriles such as C2F3N
(perfluoroacetonitrile), C3F6N

(perfluoroproprionitrile), and CF3NO

(trifluoronitrosyl nethane), COF2 (carbonyl fluoride),

and m xtures thereof. The anount of

f | isoprefecabie it alsminclydgas qygereeantainingigas witbinghe peacesgaas. The

Bl R, g g B b oL o

to catbontspEOes un;at may bedornadrihgupastionh Exanples of okyges-cstaining

Pr ﬁggéc'ststhgﬁ%e SH t%(i&?c%rlugg 26008 qg 'Ffmeﬁ)r%rt ﬁw@ﬁf&ﬂﬁclh&e Put are

uori ne-cC as SsucC
f onotlinaitgal te, oxygen ((Di)eozfdnadea)nearbgrmmmmdg (G@% ceepoatdioxide

@%OH gm%% 575;,93' f)b:tan)Use oﬁ&é& ﬁﬁ’ozﬂi it dad N@f) water (H0),

uor orocarbon
hy dandfixtoresdhéreof. 'ﬁIe@-pmfrit obcnxygen cantfalnmgﬁsrnr@s@rmm thg process

(TN e e
gm 938 cefifh e &'ﬂg Bflfh@ lpﬁ’é t ﬁ@?nt OH%EH %QSfoF Qxample

a source
S peamneesm pmt:emstm:nﬁpmsas dUeastg:negas ﬁelgntediﬂsogn‘plhmofblprlte a

°X¥|g$ﬂép&%§ltd%' g FU&otr%%%S Sari&“rﬂ&nﬁéseth%mo‘f "19& St Fe%ét dHR%ef the

acc resent“rnven
nobxyganrd;amammg gaxggdathe(myme-oqrdamlr@(ga)s are ﬁlebﬁﬂﬁne Compound In

U b EAER e PR i

( I—|bfl)qess gaszln‘nutw‘ewndsbetdsedefof exa‘rhme,armddmo:mfo orin !leu of a separate
OBl 9 e, okl AR 3 o g

pr diuatsﬁsogmatam fetdizely high @egemicontentzndicapritesisefl within these

SR PR By L 0B DBl Btrape. anc

hy peHriflosrotreethe-pefdxine. oper oxi de, a fl uorotri oxi de, and

m xtures thereof, the at | east one of the B
oxi@.’lm-] conThke piosegssogas alsmloptiveally induieratdeant ahaiadditivggas. In

o S8 BB PR i Pl SRR Sl e proces
pr gass Shg&umctionx bithe additivérgas{ss)ds tof mpditythenplasmai gharacteristics
addi t,i
ox f”g ﬁ%@gwg ao? ac nseé. {ggééétgf s@tu%ogp‘?géc |c]aggl|ca¥tlons Th%Fddltlve
fl lgasﬂes)amg mtsaland magragmpMng tﬁeanxygels-oomiamtr@l gas and/or fluorine-
rel ati ve (004 C
¢ neButariialonh ng SR D s Milybe nien kit gases
bi suitaldié fousa aechriing do mmrhsnm;nvamubn mclude hydrogen, nitrogen,
bis-trifluoro-neth e O . e
o) STy e i K R eNB, L e e e i Hunt o

additive gas present within the process gas may range from 0% to about 99%,

about 25% to about 75%, about 45% to about 55% by volume based upon the total

volume of process gas. In preferred embodiments, the amount of additive gas

present within the process gas is about 50%.

[0022] In certain embodiments of the present invention, the process gas further
comprises a chlorine-containing gas. Preferred examples of chlorine-containing
gases include BCly, COCl,, HCI, Cl;, and NF,Cly.,, where X is an integer from O to 2,
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20 certain enbodi nents, one or nore additive gases nay
be added to the process gas. The function of the
additive gas(es) is to nodify the plasnma
characteristics and cleaning processes to better suit
some specific applications. The additive gas(es) may
also aid in transporting the oxygen-containing gas
anaghiprodarhamsj ared chigrabydro¢argonsasuchvas 64, Sliydheraxés anumber
pr [

e foR e,y BORRRba Shgd ok 0 6 HE3RE 23 2 umter ranging
[ na‘,ﬂoudiatdwy@r dgeramaunt ofocgmln,ne dmetalmmg garcprsentvgbin the process
kr §h
or S5 & (48 A e 0 Bt GF FR T TRIER A e 16 B8 7 Ullime base
r amgen thectotzd ¥olumeadh puicesdgas. about 25%to about 75%
about 45%to about 55% by vol une based upon the total
vol[eeas]of Threfesinegastaining pas beygendcosiginiag gastobloripgeontaining

ngeF enins bl e RaR Rt B protesn bBs Pt RPERARRD, o

pr égeiticedingn forexamphes amhwe@yagqsiefposmmapparam by gevariety of

oA, S SRR A0, FREDESEF By AERR LD gy syt

Cl Xacuuml dplied 9jsxemm eand/ox solm @mlqundttmged generatars thet oreate the
}_@&l% épﬂgsgagggg.ﬁ rﬁropnéléjrocar bons (such as

ere ranglngfrom1t06 yis
i ambklﬁr?g ;f@% ﬂlodro?ﬁeopr%gerﬁgnr\r/gﬁ% gl?b fhefudBE FREEtep of activating
c hthoe pnmeesmgaaﬂn @i ragpotgachambes gsing wt bastrpﬂememm&@ to provide

o255l 9088, AL el gl i o

pr of esprgeass g[aecazsi]esirrbedfabom i e prederred mb@il@aets of the

?)ﬁérg%ﬁ d&f iy \}@é%}gés] %c o ecélr\ %ch\frbef? &g}%?%%gggs t& gﬁnv%q'gacﬂve
pr cpedeslto ieaet with amt\rqbailzeélab pngaoic eie@trobmmqﬂcent rgsidue from at
h

P ¥esés? g go}ltﬁyﬂ%rf a%@ﬂ‘?éé bt tﬂ? sa@s@% dé: Mﬁsr@%hl\?oevynﬁlﬁlé E:tgrﬂ hebt the

cy Isubstmte dusref etcoieg iand rgsultyrs a enbstantal tempenatucectisey dvigsk

ggrsg&@ﬁgg% 0 A p8low 10 e BRATH, ABRERAN BESiah iRk

UOT ne-contai nt ng gas

902{053024he]a—n %xgﬁaﬁgté, glgﬁl Vapﬁst%&?ﬁm th'erié(r‘ﬁgér'aﬂﬂe@ e susceptor

ste roceSs gas In
r enm)a @\tmemﬂmlnerutasrfgurat tol r'sas:pntu'wuelmw‘gy sgglgingmg arpin SltU

DL QB phEabliRas RRS idtperdiife ARRMVEN ol the Snthier was

t ypfa e activation e
pr epesdedjnplasmaletsh rrmdybdl abihesusteptgrie fmunded resulting in little ion

em?l?l%. mﬁ{gt%m%]:aratttﬂ% of the powered electrode (i.e., RIE mode) is expected to be
considerably greater due to the presence of a self-bias during etching. An

additional consideration is that the mask may be thermally isolated during etching.
Thus, the temperature rise is even greater than Figure 2 indicates since no heat

can dissipate from the mask.

[0026] Accardingly, in more preferred embodiments of the present invention,
remote plasmas are employed to provide the activated species without any
temperature rise. In such embodiments, effluent from plasma is generated in a
smaller reactor remote to the sputter reactor, which is typically part of the
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invention, a plasma is enployed to activate the

process gas to provide reactive species to react with
and vol ati ze the organi c el ectrol um nescent residue
fromat |east a portion of a surface of the

substrate. Plasma, however, can heat the substrate
during etching and result in a substantial tenperature
ri ﬂepod\m@p}b@ra‘tﬁm@ paicessegﬁmdebcnmmhbmiees mlvoiliomd iofo the
el se the

7 IRPe AT PaL Phe HimERARE e RF D S i e efluent from

S ughis Enaote chmhe@ﬁh]pmmmg)macwasﬂubnm dtones andsmert species, is

5 oB s HiSioto M ek emtttheMioafyBPre e B4l fuaripg toms conver

t hﬂte@ﬁrgﬁﬂri]ie elkietolminasaent r@ﬂmaigméwotatnqolt:?emmsctirat{atafievacuated
.,..the suscept or unde u 0. | i e

| olT5ung Feacior FT RrscrRCie B «ferdte boRRalRign e fpmed

(1 vBatile EgExpmtJﬁtts% %et&tedbﬂhé etﬂutant |beeloomrsa¢d:epmblwlevel the source

reater, due to the presenc a rin

01 83k e Remo R A e s ot s TR Ghihe S Rbiton gs i

rm}hebn&eéthﬁéd!rahdi thel G alepobitibi progesstresumed. Thus t he

tenperature rise is even greater than Figure 2

i n{oo27y es Gbﬂnﬁ@-nrubahmgtcondiﬁmsjfamsjrmase depemdeinh butneesiknclude,
30 [0026] A di L f d. enh .
of Sithd e Caren 108 Bigions o e BRSE derRioBEAS % ey uyorte
t OclééﬁMg dasédgaticr maétaﬁimsaewbgéovm :)bthut.lmaubal ning gas
0 nent s nt,. 1.r
or R lichs ankeatior GG RS P lepr e iva) Apptush(d e
t helespmgtgel‘s pasaithiraugh thié sﬁdnem:unte}qnte@alwwepmyts_mtéblehmpe'frature
< Rkt R0eRiR RN Fie he SR e s R PLe e i€ Rt re
m chambarearal thémask 2abe ickaned htdenperatlries befoiW 157C. Figure 2
i A0 s AL Y 5 e
h fl t
colfiBal' 2 iacdBPg ko e FeFeties plegiin kb ctiets vef i R%H%sme'v
VOEaGﬁVahe&:I @pmtbmdsretdmtgyedcﬂrmmulabﬁmut fhouimiteeo,
CoasmelcAte R sl Slsratatarart. cBd RSN eton, o form
det@dtze@lspémésh €Theké kuenats ray belused alonaat trpctcahtbleatioa\e@bh as in

h ource gas to the renote plasna chanber is
e flow of the ep05| tion gas is then
gﬁﬂ@&ﬂ‘ Th il f the d h

o L SBB Rl P8 GFEayeR R Yoy
demﬁ;ﬁm Itﬁe éfﬂ&ao@aiﬂthermbmn@and elegmng oBorgnic efectrolurdnésoant
\r/rsﬁ'?lsl?%.l’ On?n %ermalehea‘lar?é: tat':txlgtlon She" pr%%e& chafibel ancri1 fixtures

contained therein are heated either by resistive heaters or by intense lamps. The
process gas is thermally decomposed into reactive radicals and atoms that
subsequently volatize the organic electroluminescent residues. Elevated
temperature may also provide the energy source to overcome reaction activation
energy barrier and enhance the reaction rates. For thermal activation, the

substrate can be heated to at least 100°C. The pressure may range from 10 mTorr
to 760 Torr, or from 1 Torr to 760 Torr.
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cl eani ng gases together or stepw se. Moreover, optinmum

cl eaning gas concentrations and reactor residence

times can require that a portion of the cleaning gas

pass through the system unreacted. Wile any suitable
tenperature 15 may be chosen for cleaning, one

advantage of the current invention is that the

ch40dgf] anbh erhlmodiaenkts odnerdie ao iresitucattinatione sy ag inség RF plasma,

BF!JJ‘SO Mn\%e 8 % tg e Oorﬁcesggéf )&geﬁ BRY flﬁiéﬁﬂe@g:rﬁgg;lﬂes contained

rrse
[ 06&SB]n tha pameblss gammag berbeokﬂne:fomnr!adhp idischargettdr form reactive

o 35558 19 Wl GUP o3 HREL R Bl
t headiwhls and akyganecoatamwgatona and ehdicals can reactwithbetorgamel
PPl @B ALE A eshod OBy [8ARE SHEaPRE! E3r ndRGed from the

rce one or 1n ¢ I on suc
tarpd:mass cbadbgr tyhecoam pumpsl asnma acti vati on and/ or
enhancement can significantly inpact the efficacy of

t h¢0@31ihi nlp embbdimensta it eofplayrrganciecthetned tactivalioh nibs eeoress gas
25 '

25 5B iy BRGT ELAH, 1At Bombd T oo
healissdcietestgrcobtact with thei high teepeeatsres within a masnls@tSIde of the

| a%ﬂ?mblﬂ% (?thlé)aﬁ]%ﬁs ggﬁ}ak ive E;Ekﬁ'é?a'lelﬂnéﬂ%q@%?ggfé%rﬂote

reacti vé ra S an subsequent
volcatalytie coheerter ¢adissoaidte ther prbcesisigas cord corelsinatiomsof thermal

SElo ﬁégﬁe qdanc} gél?lg{caér%lﬁ a@?oyfgﬁht%%t #’c{t/i%tiogﬁof%tgee%ﬁ@% %Y:d fluorine-
barcontainirgghsen vathinethe Ipeoceengés.on rates. For t her nal

activation, the substrate can be heated to at | east
10¢@032The | eeswin embadimests gétherpresehd inviFotion, reastiqgobetween

Tor @0%@%&8%%@%&9& rés?ctl g g?érc%sr ar{d' tﬁ p%a%?cg elé&holummescent

SI n'esmlrespiaasbaaactwated/asbahded bad'teatmag metra@cttp'r ddegeagins, between
CARER A8 I 7 BB S0 oo

f orresidueEsc tarvbe astpatademdﬁojelnhascadd:yd'ta'aﬁeg therreactnoito a

gérﬁé‘ér%turg g&fﬂ{: Ellﬁ% 'df%%o&gfattﬁé gh{b%a a?\H %Iuglnr‘#e éorrtgmi’nﬁ %l:)?li%:es

ygen-contai ning 1ons anh can react
t h@ootagredlvmth!reﬂhecnrmmlsa game'ﬁhesmeafsﬁemjpeuture réquined to activate the

Ll 385EH T B 5 5T 8 25558 o

emuéangerermte thermal activati on, the process gas

[0033] In one embodiment of the present invention, a combination of a remote
plasma and in situ plasma are employed as the energy source to activate the
process gas to form the reactive species. In this embodiment, a first portion of the
process gas is activated in an area outside of the process chamber, which is
introduced into the process chamber after activation. A second portion of the
process gas is activated within the process chamber along with any portion of the
first activated gas in which the reactive species may have recombined.

[0034] In other embodiments of the present invention, the molecules of the
components of the process gas can be dissociated by intense exposure to photons

to form reactive species. For example, ultraviolet, deep ultraviolet and vacuum
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first flows through a heated area outside of the
process chanber. The gas 10 di ssoci ates by cont act
with the high tenperatures within a vessel outside of
the chanber to be cleaned. Alternative approaches
include the use of a renote catalytic converter to
di ssoci ate the process gas, or a conbi nation of

t hattrasiolet nadiationgcanrassisbitrabking strangaHemical bondsipidrganic e

e
enbontaimng gase$ withia the pxerss gan/tbatebyincreasing the memoval rates of

e B o PRl nBr APTTReRERE, Qlre? RS o ¥ NG o ofiihooment

acto thetotsbhingerocesdeddesueibed hgreirmean alsebeempitiyed. For example,

reaction. be en ; . .

" o3t 9Rusp BYBE ookl piBA e ReBRFTy HRFA8 IEitive species and

r egnbares, the atthing/cleaningaeactionsd/ or enhanced by heati ng

the reactor to a 20 tenperature sufficient to

di $6085] at elntyeeoitweygrahodiments| ol the preserd inventiom ghes pecessschamber
co . _ .

¢ o rdfidn & bichledly SRGSOR ARG ofifoff Biksshe and temperature
r edotingthewildaningepesatiostasinging thebdeposition eperatipnnber example, in
th [ .reci l. di f s

| haoRE e R 8RRk el yBROpP OB Glposiion
pl gasis stoppedrarsi pungerl fasmtheareactenphdgelivenslinebe faeedey; the

b B YT BB By By Mol S e

of hbleverpinqrefesred ambodinerits, W pdcess champee temperatiutkas of

O AERER 5 RRRRhuo b @nglBhgoduced o the

o T 98P D R0 i BRIl ofcontactn
acthevsurie ghthel subsirte withhike resgtive specispde valstilizayandaemove the
B e P e

pr inte e grasessachabbedasdactivateddo providetreadvesppcissir €he reactive

ph , I ' ' ,

1 PEaes Lo ol i e Ry i Sorradh o BEGhE

ul efeatrolohminesceantirasiduomon the rassk artd doneeiits thg aoanitg

chem cal bonds ,in .or | C ' ' S
oo Sl BRSO e

cowrhambemg gases within the process gas thereby

i ncreasing the renoval rates of organic

el §@037p! unTmepoeess witk bi dlustatedireorendetais with refetengata tha

an?oll%\%n%rg)%ﬁp%s, but it should be understood that the method described herein
is not deemed to be limited thereto.

EXAMPLES

[0038] The following are experimental examples for removing organic
electroluminescent residues from a process chamber using comparative processes
and the process described herein. In all of the following experiments, the surface
of a silicon wafer was coated with an organic electroluminescent residue generated
by depositing aluminum quinoline on silicon wafers. An aluminum tris chinolitato
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5 to the cleaning processes described herein can al so
be enpl oyed. For exanple, one can use photon induced
chem cal reactions to generate reactive species and
enhance the etching/cleaning reactions. [0035] In yet
ot her enbodi nents of the present invention, the
process chanber can remain at substantially simlar
op@palplerxglvasmmdaidttb deposiiphe filtns: €l harfiimttkioknesa olieagh fillovas

durnl1 |on q‘ﬁfgﬁﬁd{?ago &hg%ﬂ%' ng the deposition

oper exa nments wherein the

g&gafsjl gh‘f‘ﬁ‘?gﬁiarhaeyﬁzé% pérgEesP g&’usﬁwg% dﬂp pmber having a

ron1 e react
an deniele; n}amya Boures (anl MKEé@t.red aviafigble frompMKStngtamsnts ofe

\r/:ﬁfgﬁerﬁhgt{ggmnglg\z?ﬁ%h%dw rﬁgaﬂ?‘ﬁ%@gtcﬂalﬂﬂepﬁn'tm a substrate

npre er ments, the
chéwotsier, & gaspivlebion the flaw dfprocasatgasess @ndtantolméetdbpbs p@m nm:ted to

" S, TR i T bl s n
sumiiictainet at hderspdrsturete tor S0Ct Idter lbading sempfesdntedhe process
! e STaebe e iELRE e S8Bso AP i S 4t AES Gt

ng&#dje PESSFa %x&rﬁlﬁi@?%glnggﬂ n"i‘gﬁ%%ggrﬁg e%nfﬁb%bl?@ the chamber
redct | five urn,

e specl es e rea ecl es
f | ovas statiilizet laé achamber prassiire oh1.8de 8. Ottrmr and dlagn process gas was

el %&Fc{d%é‘d‘ln‘&?& %s bES ! Fileio %lécﬂSdés‘lﬁlglé tr?éﬁdpo%'?é((?wﬁ 13.56 MHz

t he organi c un1nes ent ues | nt
volRﬁ n>¢veermoumectThermtpcaSs gag wes fell mtodhetchemberriarmlgh gas inlet,

L ehG o OANRES 5t keachn i e/ b B o R forfiRlegtom the
shcbamberusmgithesaoadm phep. t he net hod descrl bed herein

is not deened to be limted thereto. EXAMPLES [0038]

Th €0044] | owRegioter awma cleaniog eaperimentpwers danducteduising@
%ﬁ%ﬁe@sﬁg cﬁérﬂﬁérr rPJv ARG rembR H&ﬁa %6@?9 fro AKSSS

|ve process € process

dempmmm@w ﬂmlngtoh nMAD | Aﬁbér lodding mblsemplay thepeactnenwas

t h%vﬁ&UJt c{gé &egé ésc\% Wﬂ{)guc \Pﬁﬁtﬁf?@h%o e%té‘ﬁlasma

or gani c (TR hascent resi enera by

deygeeenatcmg Tab ehamben prassune lsrtbe:matabnlltedcarm thafremgte saree is

e TLPHED, i oFRL et o pBEE SNt o v
process gas, which flow downstream through a connectmg metal tube and |nto the
chamber and react with the organic electroluminescent residues on the chamber
surfaces. The volatile compounds formed by the reactions between the reactive
species and residues are removed from the reactor through the vacuum port.

[0042] A widely used organic electroluminescent material in OLEDs is tris-(8-
hydroxyquinoline) aluminum (Alq). We investigated whether O>-based and NF;-
based plasmas can etch Alg. The plasma processes that were used are
summarized in Table 1. In addition, Table 2 summarizes the range of process
conditions that were calculated based upon a plasma kinetic model. In the Table 2,
the flow rate of the NF; is illustrative since the actual flow rate will depend upon the

size and geometry of the chamber.
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nmeasured and found to be approximately 250 nm [0039]

The exanpl es were processed using a process chanber

having a renote plasma source (an MKS Astron,

avai l able from MKS I nstrunents of 5 WI m ngton, M)
attached thereto. The process chanber contained a
substrate holder, a gas inlet for the flow of process
gagee43] andThin Adyfilmstort dnsiticanssubstnate stesel placed 4 feetdigomihe plasma

glrjgﬁHrg’ggﬁg\r%& 4t?9£?§?%:eﬂse°§r Q% Sitfdr atrg'?‘g% 22 uen’{ @Eﬁér plasma

Af t(€ablé d adT myresatop lessperattice watecqmmﬂed; betwehaﬁsﬂ& and A80°C. Etch

SRS Bl SR S B R TRy ha

pI aeftectarhedgni ng reci pe, the chanber was stabilized at
a chanber pressure of 1.5 to 3.0 torr and the process
gadood} | ﬁlguchJstamINs thatO3 ﬁasmham@emabﬁte etaipthe Alg film even at

el r A
ot DS HEEEy 58EE YR ot ¥k oo i vuatho B n i

t htwidkgiess abthierdaatples afted expdsate fodh@ Oaghlastra. of t he

reaction and the reactive gas were renoved fromthe

15 [@0dfitber T gioh rateeisingdie NFp plapma[veB4igo Vesyrinve(Sotra/sia) at
cl [

or o02 S BBEEL N (D0 ELEnEE ILEAC ahaing's) component of Alq
s o wasdedvingra MeRiue@d mpofvalatllerAl Fanpr Adm@sgtEiememm analysise({EDX) of

o JLILAE SR Pl SAHs Mipafiirionct, gﬂa’mme
pl amderlydih Sesubstateris alSbeistieintibe EPXaapsoirem). sAfteretching at 50°C,
oo Bl AP Beo SRS BOUE EDR SockrDE kiRl h bl s. T
of BD¥analysic sssmgymsndivdte ¢Hratfa passilevikiBi lagenma havegtheen formed
coqﬁaqg)hé@gtegeﬁahiniﬁgﬁrggguﬁ@g o the chanber and react

m nescent residues on the
S . .
cIGOY  “Hhd B8t AR P Hiddfs SO B B easing e
r esendperstune.cThe Avedch fateinctaased ﬁamt&mmtrmnwg% nngmin as the

CSHHLBT rcR haf SPE B S B8 g o 5070 cam i
hy derorvejall oiche Ad) matenial. rfithe KX gpectivn (Figuss 6) gba eample following
wh E t I

1S5k S350 A oo BREE PARSERE T2, B EDA T oy
Talféagures in theckdX speotrunTanel assigneditmSirfiare thet dilicon sobstrasé. Itis

R RS a0e N B Bl MR e T R PG Tar e

of the NF3 is |IIustrat|ve since the actual flowrate
wi || depend upon the
Table 1; Remote activated Plasma Processes

NF; Plasma | O; Plasma
NF; flow rate standard cubic centimeters (sccm) 2000
O, flow rate {sccm) - 2000
Ar flow rate (sccm) 2000 2000
Pressure (torr) 2 2

-12-
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si ze and geonetry of the chanber. -11 [0043] Thin Al q
films on a silicon substrate were placed 1 foot from
the plasma source (MKS Astron) and exposed to either
a renote 02 or renote NF3/Ar plasma (Table 1). The
reactor tenperature was controlled between 50C and
150C. Etch rates were then determ ned froma change
in filmthickness neasured by 5 reflectonetry. [0044]
Figure 3 shows that 02 plasmas are unable to etch the
Al g Tablen2:eEsamples of EtepRradesVersupProceeParimaierd 3). | n
ot her words, there was no change in film thickness of

ExditpladlP! €SAal Ter exgposule (g the] 02 pl asnp. [ B045] F

NP Fowtl Cll Tate using tie NF3 plasne was_alsjo Very T ogw

(skSmfiM i n) #00010 508088 ter eRPsure 00100 setWRds. 2000

Prebsire D¢ TEVEU thatthe N—conponent—of A was

(topRV! Ny a res?.due of Mbh{vol athd%| Al F3 ob |AI 208. 2 2
A"E“nfff!‘ AR LS U 3 ) N b"‘if’i',.e%-ﬁr 0

L SAS A= B v, I\I, TArTo 7 v

E’l\ée under |l yong Si substrated® al so vie bl e i p.a3He 1.30
Et a!e\n frllrﬁ After etchi Ag at 5@@_,_h_gmuor,

fl uor| ne is aI so observed |n t he EDX spectrum as shown

[0047]Fi THY Bregoinhhixamplestay @eaﬂlm@h of GReTEfetred iefibodmients should
t hat a passive Al F3 | ayer have beﬁn for med

beptﬁb%ﬁ% Hustetiog fﬁﬂ‘%;‘)‘ﬁq@@ 'bﬂ € PressoByertion as "?é\%the
clalissNAsMiBb® k@ﬁmapﬁeﬁacédt ﬁume@me g56stioby ahth ebmatﬁtaﬁ@st dsfehe

t enper at ur ncreased from9 nnl
fegtyrasget ?ﬂﬁhrﬁquw@ Re ut*HZ@Pq% SRR I APeRAl Syention as
selt fbrtlﬁﬂ@ne( &a.&w Suzh valrtfik Rge ﬁét & a8 adleBartdte fropmmeéaspirit

of the Alg material. The ED ectr Fi gur

a’IS‘fSCSP% SfﬁB‘Pé“‘feBF"beﬂ"H@" sughhyiatiens 6 '@*G”g‘g‘l 't‘d%‘ity@“" the
scope whthedolitmind @aiigt es (C, N, 0, Al). The only

features in the EDX spectrumare assigned to Si from

the silicon substrate. It is surprising that the NF3

pl asma does not | eave any Al residue. 25 Table 1:

Renote activated Plasma Processes NF3 Plasma 02 Pl asma

NF3 flow rate standard cubic centinmeters (sccm 2000

02 flowrate sccm- 2000 Ar flowrate (sccm 2000

2000
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Pressure (torr) 2 2 -12 Table 2: Exanples of Etch
Rat es Versus Process Paraneters Exanple ABCDEF
NF3 fl ow 2000 2000 2000 2000 2000 2000 sccm Pressure
2.0 0.5 0.055 22 torr Ar/NF3 1.0 1.0 1.0 1.0 2.0 0
Rel ative 1.00 0.25 0.01 1.60 0.83 1.30 Etch Rate
[0047] The foregoi ng exanpl es and description of the
preferred enbodi nents shouCHAIMSS be t aken as
illustrating, rather than as limting the present
i nvekprozassfor dahovirgorggnit letectroluaiinescertgesidlié fror at least a portion
readil recl at.e n variations and

af 2 u?l%ﬁ ore sklthsgratef, elt)lgef;grgggss C%Hp?%frn

conbi na ures se h above can be

s R Teng s tes SR8 birafiing S Aol et iRRh R br

oxyeeracoigainig gasdapboptionallyf aroadditve gasi rit  and scope of

the invention, and all such variations are intended to
be iautivatihgdhevptdoess gdmein allemetsgandier ubipg fab ldastwmegenergy source

A - IM§ 1. A process for renoving organic
oG8 Fispihh bkl

um

o SR

provi

residue fromat |east a portion of

easﬁfﬁgé Bf t% %ubﬁtrb“?e RAR %Séa&mpieﬁiieg% volatilize and
conprising a

hpr o0cess gas

refriove thenergania ekeictidlngingssent ogsidusfadrh yheasurfage.

oxygen-contai ning gas, and optionally an additive gas;
activating the process gas in a renote chanber using

at | east one energy source to provide reactive
spBecihesproeass of claira dtwhegeio tiee eantaciioe step is henduigtask at 4 temperature
mﬁtnﬁqgg%fgp@%éve species to volatilize and renove

t he organi ¢ electrol um nescent residue fromthe

surface. 10 2. The process of claim 1l wherein the
contacting step is conducted at a tenperature

3. The process of claim 1 wherein the contacting step is conducted at a temperature
of 100°C or less.

4. The process of claim 1 wherein the substrate is a shadow mask.

5. The process of claim 1 wherein the process gas is activated remotely by a

plasma energy source.

6. The process of claim 1 wherein the fluorine-containing gas comprises at least one
selected from the group consisting of: F,, HF, NF;, CIF;, SFs, COF,, NOF,
C4F20;, an oxyfluorocarbon, a fluoroperoxide, an oxygenated hydrofluorocarbon

and mixtures thereof.

7. The process of claim 6 wherein the fluorine-containing gas is NF.
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of 150C or less. 3. The process of claim1 wherein the
contacting step is conducted at a tenperature 15 of

100C or less. 4. The process of claim1 wherein the
substrate is a shadow mask. 5. The process of claim1l
wherein the process gas is activated renotely by a 20

pl asma energy source. 6. The process of claim1l

wAe rEhienprobessidf glairn nMevheoeih dhaflurgingasniaoming gasesonarisee atleast one

0N s JhGFh & a1d Q)b A GRY RG2S biddth Rfocafon, EF

oxy fHydmfloosrchdion, a hfdrofiuarpether adwpofhurrites adlnedtmekide, a
hydrpf | uor.ocarbhon_ . and m.xt ur, ereof . 7. The

ot odbotifE L itReni e, 287 FGHEE TR nes cont ai ni ng gas
iIs NF3. -14 8. The process of claim1l wherein the
fluorine-containing gas conprises at |east one

sgl e r .CONSi St i f:

o8| Pl kT A B e e o S E ket an

hy drasimprises et least,ona sklgpted fuoon Dxygen acfdneonitsicraxisie;, ditrous oxide,
fluagrl ' a f itrile . ; t.har

9 %&tg@%rngog%xslge, #%@F%ﬁﬁo&ldﬁhgﬁrgﬁﬂd@kég%%r, alﬂﬁ n%%res%ereof.
oxygen-containing gas is present and conprises at

| east one sel ected from oxygen, ozone, nitric oxide,

Ni  rQ4LS r

cab S erBEeSt cielth 1eEln ALsiHe Sors i s SREHE g
The qontainisg gas arel thé sarbe whmpeumd.f | uor i ne- cont ai ni ng gas
and the oxygen containing gas are the sane conpound.
11. The process of claim 10 wherein the sane conpound
is at | east one selected froma hypofluorite, a

f Il lioFheprpesasdd claim f1Dudergin thexgames camrpbumdyg atleast one selected
therglh a hgééqu%?itehs%o%r Brbif, AuSlofofa, YEfRidlet Bereof.
process ¢ urther coﬁprlseé a chlorine- contal ning
gas. 13. The process of claim 12 wherein the

chl ori ne-contai ning gas conprises at |east 20 one gas

203 A Ky o S S O Son L g

t o Zontginieg gasir bons, chl or ohydr ocar bons and

13. The process of claim 12 wherein the chlorine-containing gas comprises at least
one gas selected from the group consisting of BCly, COCl,, HCI, Cl,, and NF,Cla.y,
where x is an integer from 0 to 2, chlorocarbons, chlorohydrocarbons and

mixtures thereof.

14. The process of claim 1 wherein the process gas comprises an additive gas.

15. The process of claim 14 wherein the additive gas is one selected from H,, N, He,

Ne, Kr, Xe, Ar, and mixtures thereof.
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m xtures thereof. 14. The process of claim1l wherein

the process gas conprises an additive gas. 25 15. The
process of claim 14 wherein the additive gas is one
selected fromH2, N2, He, Ne, Kr, Xe, Ar, and

m xtures thereof. -15 16. A process for renoving

organi c el ectrol um nescent residues froma surface of
a16.sh pobcassiios kemaving gngenie stectrolminescent: regidivas fedm @ sufece of a
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gas is NF3. 20 19. The process of claim 16 wherein
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150C or less. 20. The process of claim 16 wherein the
process gas is activated renotely by a 25 plasm

energy source. -16
17. The process of claim 16 wherein the fluorine-containing gas comprises at least

one selected from the group consisting of: F», HF, NF;, CIF3, SFg, COF;, NOF,
C.F20,, an oxyfluorocarbon, a fluoroperoxide, an oxygenated hydrofluorocarbon

and mixtures thereof.
18. The process of claim 17 wherein the fluorine-containing gas is NF;.

19. The process of claim 16 wherein the contacting step is conducted at a
temperature of 150°C or less.

20. The process of claim 16 wherein the process gas is activated remotely by a

plasma energy source.
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