NOVEL METHODS FOR CLEANI NG | ON | MPLANTER COMPONENTS

FI ELD OF THE | NVENTI ON [ 0001] The present invention
woeb@iex780 a nmet hod and apparatus for cl eani ngCThS2005/038102

vacuum chanber and beaniine of an ion inplantation

systemused in the fabrication of a mcroelectronic
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to renove purge resistant effluent material.
DESCRI PTI ON OF THE RELATED ART [0002] lon inplantation
is used in integrated circuit fabrication to
EIEEEJIELEH&EfEEHEBQEe control | ed anbunts of dopant
nEurltles into sem conductor wafers and is a _cruycial
(0091 bc e e present inyenticst feltescios Mg gpparatus for cleaning the
manuf acturing. In such inplantation systens, an ion
vagor dembenindeisamlinreef andgn iaplanietion sefﬁemtusgcbgl the Erbripation of a
ions are extracted fromthe source in the formof an
migrogletemin diviade Shradditiom gheypresenk invartidnaislates teehmethadgyfop fhe in
applying a high voltage across suitably shaped
sitexibardng ofomyagbric prope®, rempneghirgencsistpt eHlventapaenialir es f or
passage of the extracted beam The ion beamis then
directed at the surface of the workpiece, such as a -
DESCRIITON OB THERELATED AR®er to i nplant the workpi ece
with the dopant el enent. The ions of the beam
[o0u2anet righ enpldatiodr it asd iwintdghaeddirckifabeieation tb acauragely introduce
region of desired conductivity. [0003] Several types
coftfolic@NanS6UAEsC 65 dapt GRPUARIRS YinleS &thibdhdeasMBatiraknd @ a crucial
i mpl antation systens, including the Freeman and Ber nas
pré¥Red HRtRECHBAEARRLS[ SR nERduRGNEIhelcld YmSlBntation systems,
electric arc, a mcrowave type using a magnetron,

an! B8l IsbREL kdﬁlzlgg @t(ﬁgréaaﬁolﬁ%eeléx%ﬁf ¢8Sandoel ibffs 42¢ eRPRted from the

sources, all which typically operate in a vacuum
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high voltage across suitably shaped extraction electrodes, which incorporate apertures for
passage of the extracted beam. The ion beam is then directed at the surface of the
workpiece, such as a semiconductor wafer, in order to implant the workpiece with the
Adopant element. The ions of the beam penetrate the surface of the workpiece to form a
region of desired conductivity.

[0003] Several types of ion sources are commonly used in commercial ion
implantation systems, including the Freeman and Bernas types using thermoelectrodes and
powered by an electric arc, a microwave type using a magnetron, indirectly heated cathode
sources, and RF plasma sources, all of which typically operate in a vacuum. The ion
source generates ions by introducing electrons into a vacuum chamber filled with the

dopant gas (commonly referred to as the “feedstock gas™). Collisions of the electrons with



dopant gas (conmmonly referred to as the "feedstock
gas"). Collisions of the electrons w thdopant atons
wanadermtzsul es in the gas results in the creat PONUSE008/38102
ioni zed plasma consisting of positive and negative
ant ions. ction electr
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or .negative iops to ss throygh the apertuye.and out
consfstiphal ROSHvE BRA Rega e oD P AR TR B e ProgEive or
accel erated towards he workpi ece. Feedstock gases
postit B Milb Gespa BRI, P CIIEYG O BEEivg 1ot Phey Sigugh the
PH3, AsH3, PF5, AsF5, H2Se, N2, , GeF4, SiF4, o2
apqrpire apdputefthe Iprosyme apasgllimaped on prams YUK iy gegsiagied ppwards
10-15 inplantation steps in the fabrication of state
thegforkpieceafeeditaskeases inghidecls pregpohdiraipd &9, BEe, Bigldur Balenks,
critical dinmensions, and growing circuit conplexity
AsHp,@Fpl 48, 1pSgr ¥n BerGefentife 92.dk: #8rG¢Hpl ant tools, with
respect to better process control, the deliverance of
(0094 h Peasentbytheantre upwatdswf d AdS gmplantagion stapsiiacthe fbsicatipn of
the nean tine between failures (MIBF). [00051 The
stapaof sheodirt tdeeiceson Inarpsingt eafert sieds, tdherpasingqeritical dimensions, and
mai nt enance include: the ion source, which nust be
grévany tieadt ebipiexitp prr adingdredter ded@ndsamrien ohplapdedls, ivath, respect
depending on its operating conditions; the extraction
to Bbies tpre@es cannd], tthe dblivgranyobf kigk bems wuatats at Ww efergies, and a
usually require cleaning after a few hundred hours of
deSPRE &t 1he RieaR BighetbBfveeh ¥MRA (MTBENP [ 0006] In the ideal
case, all feedstock nol ecul es woul d be ionized and

[0605] ' CkiRGartD UF tHeMoh Rpibdist t801GR4t tréduive ANHIOSE dintenance include:
feedst ock deconposition occurs, ich results in the
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eanfine. For exanple, boron residue readily
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aﬁkﬁg&gg&g. Thi s phenonenon is generally known as

[0006] In the ideal case, all feedstock molecules would be ionized and extracted, but in
reality a certain amount of feedstock decomposition occurs, which results in the deposition
on and contamination of the vacuum chamber and beamline. For example, boron residue
readily deposits on surfaces in the ion source region. The residue can form on low voltage
insulators in the ion source, causing electrical short circuits, which can interrupt the arc
required to produce thermionic electrons. This phenomenon is generally known as
“source glitching,” and it is a major contributor to ion beam instability, and may
eventually cause premature failure of the source. The residue also forms on the high

voltage components of the ion implanter, such as the source insulator or the surfaces of the



"source glitching,"” and it is a major contributor to
ion beaminstability, and may eventual |y cause
wonremwua7e fail ure of the source. The residue BCTMWS2005/038102
forms on the high voltage conponents of the ion
i npl anter, such as the source.insulgtor Qr.th
eXGHmOELTHPS CABUE PN HIED YOS o hatking.  Sughppfirks are another
energetic high volta arking.. Su sparks are
comiataiato Gt FFHTSH 40 DEAHERSTSBEn ey hostnsp fiicoan damage
energy released by these sparks can, da sensitiv
Sefé‘l“é@?%%ifﬂ“&" @8}?@8?%%tl%%dlqgégg}cﬁﬁsqdﬁq}"ﬁwgg@ﬁ‘&f% Fi?r%ﬁ’{TBF'
failures and poor MIBF. VWile the ion source life .
Wiieptbe tieth 6quIpRo it GHPEFHIYA HIFAOF JRDIEYEHEhaYSAT, oip fon halide-
hal i decontai ni ng source materials is generally_ around .
contgigingospusce watenialialsi genceadiyt @Ot d 6Ral @S alvdh shpliqe-gentaming
CGeF4, the ion source |ife can be as |ow as 10 hours.
maghrialstsocht dseGefetthe insource bifeca besasdew pe 49 Berss dusiadig degipental
on source operation. [0007] Presently, vacuum chanbers
effacte ok sduvaltpositiongpngasss opudtlonas NF and ot her
nitrogen-contai ning gases as well as oxidizing
[060TECi P3eseitty; veotanpbieymbersSire Rieamdt ushig ga6esl 98h 13 NFsnandrather
name of Graf et al. relates to the cleaning of an ion
nitEspei-centalfing Gabds3asowel] atHowwizar, sphifiec| Eanexegupdady.S. Patent No. -
requires an energetic source to release atomc
6, 135108 ihe nivhé 6NGrapenalr elaea setht eleasng of deiot saurce using NF; gas.
aggressive, attacking every conponent in the ion
HSRWES KT 68h0As gdsTreq s bh @fbrgdtio Souresitdl reRakeatanig dlubtne, which
source, e.g., plasnmm, increases the cost of ownership
upbfPase tends t5deCBb abbressie3 attacRing dvryt &npoas® i@fthe ion source
Tripsas et al. relates to the introduction of

re@@(.g 94 aaﬁ?ﬁoﬁ’,%@ Sedurell NBelgit SUMdEC 8.of, Wlash@AGldrét@esiht eost of
eposit form ng species. Althougﬁ oxi di zi ng gases
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dvant ageous i f any conponent of the vacuum
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from carbon/graphitic material. Moreover, the introduction of an oxidizing species to the
vacuum cha;nber may promote the formation of a surface oxide layer, or “rust,” on most
metallic components, said oxide layer potentially resulting in particle formation,
entrapment of gas molecules, shorts and premature filament failure.

[0008] Cryogenic vacuum pumps (cryopumps) are widely used in high vacuum
applications. Cryopumps are based on the principle of removing gases from a vacuum

chamber by cryocondensing and/or cryosorbing the gases on cold surfaces inside the

cryopump. In cryocondensation, gas molecules are condensed on previously condensed



entrapnment of gas nol ecul es, shorts and premature

filament failure. [0008] Cryogenic vacuum punps
wOenosopaTps) are wi dely used in high vacuum  PCT/US2005/038102

applications. Cryopunps are based on the principle of

renovi ng gases froma vacuum chanber b r 0 '
s AR SERIG P e or i O ity Pl Piaiigh e
the cryopunp. In cryocondensation as nol ecul es e
BRI YRR US ISR CIEE dt PR R S gRgeutt to
thick | ayers ot condensation éﬁﬂ be forne? theretgiys bent
condeepiah el neraal WERHRS fempsragires,fsthe epoBERR-piY Hiis Fage, @ sorben
commonl y used to punp gases that are difficult to
maisBAdBib eI BTl TOBERIRG HGhE ENPRT AFTFEdn e GR@umP
cryopunp. In this case, a sorbent material, such as .
typwelly ¥ sacewt! wesiof o aryoarray. Hacaush dhe hinslingrncry) hylen 8,gp3 pacicle
in the cryopunp, typically a second stage of a )
andcthy casorbipg sBdecsLs arqates thinnte hindingeengieybatiesanthy ggs particles
particle and the adsorbing surface is greater than the
thehiseloésn theeges rmytichest theteganndtebegeandpnsed jatel eesnovpd Fign] thesvacuum
the gas particles that cannot be condensed are renoved
systenoby ddherinvgto thensoshent matetial. adhering to the sorbent
material. [0009] Presently, ion inplant cryopunps use
[000DET t PgRentlye i imphdt chyoppmpyeseainey gahe-or Yadernuege dway the
captured gas nol ecul es and process residues
crydgénidiml, dipdeted bisi rigledults apd PORSS rajdubeaccithelated dntingyhs process
purge assists in bringing the cryopunp to anbi ent
cydlEMPRE BleHIgls pRBél adeedddhbing Pt @espulrpeto emiblient Rgnperature, and
previ ously cryosorbed gas nol ecul es, including water
ad4RRRTy plRYAr R8RRoRIE, BFIRNLIS SRIBBENEEs mblteulesicintiudiag water
pur ge,” however does not renove all the process
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uénts, sone of which underwent reaction to

allfid }gpope%p 'et\ﬁgla@g ik ﬁ@lcﬂg?e?reg% b chiiSlalt@ brockd ePluchlEsome of
cryopunp an

or adhered to the netallic conponents of
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rocess effluents Is through cryopunp
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method of removing the accumulated process effluents is through cryopump maintenance.
[0010] There are two types of cryopump maintenance evolutions, a vacuum side
rebuild, and displacer side rebuild. Both forms of maintenance involve removal of the
cryopump from the implanter. The vacuum side rebuild requires the pump be
disassembled, cleaned, reassembled, and functionally tested and is recommended by the
OEM on an annual basis. The displacer side maintenance involves disassembly, cleaning,

reassembly, and functional testing of the displacer (gas flow cooling, actuating

mechanism) of the cryopump and is recommended by the OEM on a tri-annual basis.



rebuil d, and displacer side rebuild. Both forns of

mai nt enance i nvol ve renoval of the cryopunp fromthe
woOnleantas. The vacuum side rebuild requires tReTSRWS/038102

be di sassenbl ed, cl eaned, reassenbl ed, and

f ti [y t d d i . ded by the,EM .
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actuating nechanisn) of the cryopunp and is .
emission ATERHe QT BYTIHE VeRNp Shen components axt reged foriepringy The
addition to the operational difficultjes caused by, )
safelydpavariservherryer BRdpeRHre preast, A aterd Partipylsn fppceinHa, the ion

are al so significant personnel safety issues due to
soyrpe regidrs of ¢he wicum xahember bespyss the don, §ppsees ispphg nost frequently
conponents are renoved for cleaning. The safety issues,
mainthised odmepaseesrofiths jodumplaates Bpanigintize pewn Hme, entaminated ion
particul ar concern in the ion source region of the
somagsuarenofibia ndneoved foauthe implanieoat tsoperatirésssigiiicany mbove room
frequently maintai ned conponent of the ion inplanter.
terdgeratune] whizk ircioeares thenamissiomnifanparaimeicexacenbates thecsaéetiissue.
often renoved fromhe inplanter at tenperatures
[oGi2gni fIt dantd theebooy &e noignifienpadvaheer i, theviaitadf ipm dmplagtetion to
the em ssion of vapors and exacerbates the safety
providdien ib Q4 2leahingvirteds tihrethef dfeetivag salestivgnichiogaingf unwanted
advance in the art of ion inplantation to provide an
redidues idbpbsBEE ARbUREOR RS BSSlarft@] pArtieuladsf BCthe Vén sedeaegion @f the
renmoval of unwanted residues deposited throughout the

vabilRh @fdnfer, Rk iifplaftation.| Budth® JiArti&aihcCeodl® ghidfcdpersonnel
t he vacuum chanber, during inplantation. Such in situ
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stabl e, uninterrupted operation of the inplantation
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I's'to provide a separate cleaning station whereby
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jon implantation to provide an off-line cleaning station that could be used to selectively
and ﬁon-destructively clean components following removal from the implant system.

[0014] In addition, it would be a significant advance in the art to provide an in situ

cleaning process for the removal of accumulated process effluents from the cryopump

thereby reducing or eliminating the frequency of cryopump maintenance.

SUMMARY OF THE INVENTION




ion inplantation to provide an off-line cleaning
station that could be used to selectively and
waamethazt7s uct i vel y cl ean conponents foll owi ng Pemms2005/038102
fromthe inplant system [0014] In addition, it would
a s%gnificant advance tn

b . e
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. process effluents fromthe c u her eby reducj.n
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SUMMVARY OF THE | NVENT] O\ 0015] Th% esent invention .

to the| ity rg@pal AfIrgsidus oM EUHR ¢ afg{afara&fl (Fompgpents contained
cleaning internal conponents of an ion inplantation .

therejn by copleetite tha vRgrum; FhamBerclIdior compspisoHith @ jeatehass gactive
the in situ remval of residue fromthe vacuum chanber

halidedcaepasisionne.g., &sh1 £ affieiprs tine ansl undsh suldiciepigeqndigions to at
vacuum chanber and/or conponents with a gas-phase

leasegretidllyaehayd tHe rasisip Geinttheepmpenents, angtoxlo sodn such a manner that
sufficient tinme and under sufficient conditions to at

redidmss repmved sdléojivelp withaesphe to ths inthtasiatsrfmm whish the components of
components, and to do so in such a manner that residue

th¢ ®niaplamedars ebstotictedl y wi th respect to the materials
from whi ch the conponents of the ion inplanter are

[06B]St rTdine dspel® GikGhventiorortasp e aiethddhd cleaniegt ivacuum chamber
relates to a nethod of cleaning a vacuum chanber of a

of SEh RIS O akiavilrbg ttos]] MdedsOohe canlipdne@sbr cobgbination thereof,
conmponent, or conbination thereof, said nethod

safQARhdSdRGPrising) | ntroduci ng an etchant gas from an
etchant container into the vacuum chanber; (b)

t er mhyNakddGinkAh cRAME bhORorRhn StBiRinEESHRARYr 188 theivab@nt dHamber;
vacuum chanber upon attai nnent of a predeterm ned

pre %% feﬁningtiéé‘ tﬁﬁl‘égﬁérﬁgg‘i (g hRCRRhant 3AY i4t6)the A& Bhant¥r upon

et chant gas ue in the vacuum chanber for a

suf £l 2Rk draTRedeRnftined HiaShrelR el vabiuin ERIYE ahd1e
ue Tr Elr% OI];

resi omthe iInteri t he vacuum chanber, at

time to at least partially remove the residue from the interior of the vacuum

chamber, at least one component contained therein, or combination thereof;
wherein the etchant gas is chosen to react selectively with the residue in the vacuum
chamber, the residue on the components contained therein, or combination thereof, while
being essentially non-reactive with the interior of the va(;uum chamber, the components
contained therein, or combination thereof. Preferably, the etchant gas comprises a gas
selected from the group consisting of XeF,, XeFs, XeFs, IFs, IF7, SFs, C,Fg and F».
[0017] In another aspect, the present invention relates to a method of cleaning a vacuum
chamber of a semiconductor manufacturing tool, at least one internal component, or

combination thereof, said method comprising:



wherein the etchant gas is chosen to react selectively
with the residue in the vacuum chanber, the residue on
woOheoetamgsnent s cont ai ned therein, or conbi nat POWUS2005/038102
t hereof, while being essentially non-reactive with the
interior of the vacuum ch er, t c nents
corib iGN A8 heth PRGHE: POk BreieHET EOFARy Bioe g g
the etchant gas conprises a gas selected fromthe
gr otBbeinsi sting OF XeF2, XeF6, XeF4, I|F , I|F7, SFe,
C2F and F2.. [Q017] I n apother aspect H%e pr esent
i nvénieravinatiag drteaduetions ofhe richagis £35) i8tont gvaﬁu%c‘fﬁﬁm’er upon
chanmber of a sem conductor manufacturing tool, at
| eadfteingirat pip RedpiGriSHPETERT, or conbi nation t hereof,
said nethod conprising:(a) introducing an etchant
mat @) dissociatisgnthmetehanh materiebintont FRaFtiYentabide geecies iy ip vacuum
chanmber; (b) term nating introduction of the etchant
gascliantber using alaanasoutsa pbutiongd drsaish vagyumehambsy; agd
predeterm ned pressure; (c) dissociating the etchant
mat &) rekctingthe reactiedulide epehias itk asesidieds theryagyyan ohgabarior a
chanber using a plasnma source positioned in said
v ac siffieiedtanixeto; atdemdt patiallye@obva thetrbsiduecfzan itheevavaih ¢bamber
species with a residue in the vacuum chanber for a
suf findzérand attidasionkdntainal @apbngnarti al |y renove t he
. residue fromthe vacuum chanber and/or the at | east
PréfB@bly N lgas GoRORERE ghY efuttedd infrodasediinerthe gasufrobamber
an inert gas source is introduced into the vacuum
prieP R8s g @he dt6hatlt BE@EAIAL i Ng the etchant material .
[0018] In yet another aspect, the present invention
[0618) & §& ahOth&NasPBR A itRert GhivealiQPRIANG 18 ad &9?@]‘5.‘\1@ Fardaning a
. of "a Sem conduct or manufacturing tool, at |east one

vab e be COHPRRAE M ndu@br AAHRIARNE Ab1IH RaSQne 188l component,

apparatus conprising: (a) an etchant material source

or WML A EL A appBifis cahpiiisPosed therein, wherein

(a) an etchant material source having an etchant material disposed therein, wherein

the etchant material source is communicatively connected to, and is situated
upstream of, the vacuum chamber; and

(b) a valve between the etchant material source and the vacuum chamber;

wherein said apparatus is further characterized by comprising at least one of the
following components (I) and (II):

(I) a heater for heating the etchant material source; and

(I) an inert gas source having an inert gas disposed therein, wherein the inert gas
source is communicatively connected to, and is situated upstream of, the etchant

material source.



the etchant material source is comunicatively

connected to, and is situated upstream of, the vacuum
woheosimarz7zand (b) a val ve between the etchant RarIS2@b/038102

sou][ce and the vacuum chanber; wherein said apparatus

i s further characterized by co | Si at, | east one of
PrOTREDI o SRR [EGHA EPLS] ) ESingr G efy Horg (e EFORR £PBpStnE of

for heating the etc t terial source; and (I1) an
Xe\ﬁzéﬁeﬁ?a(&g‘; ButioeShabitng™hke i nert gas di sposed(t hzer ei n,

erein the inert gas source is communi catiyvely.

[00d8h et tusthen aspeck ibe Presegf inysntion relptes P@dﬁ?@?ﬁl 0%’ ﬂslna%gc%mlum

materi al source.Preferably, the etchant mater; al .
charehes of 8 sgmigorsistos mapwleering el ehleag ope sompMSHs Of FRYRjRation

XeF2, XeF6, XeF4, |F5, |F7, SF6, C2F6 and F2. [0019]
thergpfzsaidupgthaskcomppisivg: t he present invention relates to

a met hod of cleaning a vacuum chanber of a

senia ondintrodicingaaru tigbanirgan franp @n, eteltent eergaingini@to the vacuum

conmponent, or conbination thereof, said nethod

conpri siclgmbém) i ntroduci ng-an-et chant gas from an

etchant container into the vacuum chanber; (b)

Wi t kr awiviligdrawipk ur ghsatity «f gag apecs dwine thef vaounn lekanytzer ysing 2

chanber using a vacuum punp to effectuate a continuous

flow of tdeeurt plapt togaffedtings et reoatimglons v (of) thel etchany gas

the etchant gas through the vacuum chanber for a

suf fi ci efhbretliré®ht gndr eact the etchant gas with the

residue to at least partially renove the residue from

t he jacuo b APEEhanBbas BASEL EHREvaCQIHP Oiter G Qiffigéht time

therein, or conbination thereof,

to react the etchant gas with the residue to at least partially remove the
residue from the vacuum chamber, at least one component contained
therein, or combination thereof,
wherein the etchant gas comprises a gas selected from the group consisting of
XeF,, XeFq, XeFy, IFs, IF;, SFs, CoF6 and F,. Preferably, the etchant gas is chosen
to react selectively with the residue in the vacuum chamber, while being essentially
non-reactive with the interior of the vacuum chamber or the components contained
therein.
[0020] In yet another aspect, the invention relates to a method of cleaning accumulated
proc.ess effluent from the interior of a cryopump, said method comprising purging the
cryopump with at least two purge gases, said purge gases including nitrogen and at least
one reactive gas selected from the group consisting of oxygen, ozone, nitrogen oxides,
species that generate oxygen radicals in sifu, and combinations thereof, wherein said method

is characterized by at least one of the following purge process sequences (I), (II), and (III):



wherein the etchant gas conprises a gas selected from
the group consisting of XeF2, XeF6, XeF4, |F5, |F7,
WERBG6/0&2F6 and F2. Preferably, the etchant gasPC$/US2005/038102
chosen to react selectively with the residue in the
vacyum chanber, while bej essentially non-reactive

/ ng a

wi t ) t hela) PHIERE Bitth gpsertipdly Pe ARRSSR Jordke A he

component s contai.ned therein. [Q020] I n.yet another

aspect, ©heurgigath; t%atﬂ%ﬁsb?"ége*{%veag ?rhtﬁ%e %fwal'tefeé%ﬁ’leﬁblea“

accunmul ated process effluent fromthe interior of a

cr yopunRbedeacHvegas RSt P4fng pur ging the cryopunp

wth at |east two purge gases, said purge gases

i nc(IDdi n@) prirging geh e&ﬁﬁ’ﬂtlaég’ uEgEogsRat WBaéiPve gas

sel ected fromthe group consisting of oxygen, ozone,

ni t r ogen(bpkleading thesesshdallytiveg nigegrarithethe 2{/lgash opaEspeie £as,

in situ, and conbi nations thereof, wherein said nethod

i s char ashereinzidd tiyogen dndathe asnleashfone hsadtiy | g9% asg) no longer

purge process sequences (I), (Il), and (111):(l) (a)

pur gi ng eus¢rtiakbgmentially pure nitrogen for tine x; and

(b) purging with the at | east one reactive gas for

ti mgIy, @Eheurging wither mixture afditrogea ané aidedsvenegeastive gas,

essentially pure; (11) (a) purging wwth essentially
wHekHie thelabsu@gfdte Bprotdsireffinentas subbihntidlie nethmgd tifven the interior of the

essentially pure nitrogen with the at | east one
cryopagbl ve gas, wherein the nitrogen and the at |east

one reactive gas are no |longer essentially pure; (II1)

[0623) APHEEENGpM: bPihR pdsditUhRnBén RlddsQd @Ml dilex|sp@skeaning at
onée reactive gas, wherein the accunul ated process

lea%f\lcgr{el'b%ﬂl oheht SHPREAME dndnaiRNEHg {00 Bhill AR thodlcBibAsin@f
the cryopunp. [0021] A further aspect of the present
L nv %}%o&ﬂoﬁiﬁ%ﬁk%%m%&e?’( M8k RO G Pfacirh UhdnlRRANI NG at

one co 0

| ea onen a sem conduct or nmanufacturi ng

t OOI(l’)) %@B&jucﬂ{%t ﬁogch%gpge[sif%n? @n etchant container into the ex situ vacuum

chamber;

(c) terminating introduction of the etchant gas into the vacuum chamber upon
attainment of a predetermined pressure in the vacuum chamber; and

(d) reacting the etchant gas with a residue in the vacuum chamber for a sufficient
time to at least partially remove the residue from the at least one component
contained therein;

wherein the etchant gas is chosen to react selectively with the residue on the at
least one component, while being essentially non-reactive with the interior of the

vacuum chamber.



(a) positioning the conponent in an ex situ vacuum
chanber; (b) introducing an etchant gas from an
wenalsaatrs7aont ai ner into the ex situ vacuum chaRDEUS2(06/38102
term nating introduction of the etchant gas into the
vacuum chanber upon att ai npent. of redet er mi ned
09328 ssuf e PRORHe a\gﬁﬁﬁh P @ﬁa%‘é‘}tfc’naﬁ ateyy)to - BBRIPYSHg Meheds of
etchant gas wiith a residue in the vacuum chanber, for a,
mayfacREng niqreslgetiopic aflevices sickh 45 t ANPGRS UsiRg, ghe inventive
residue fromthe_ at |east one conponent contained
metheds ané sysigmsrdssaaibedhBergifichant gas is chosen to react
selectively with the residue_on the at |east one ’
[08%¥porfather asprsts.cepwien gnd embodiments f therinyeation Wil bginqre fully
the interior of the vacuum chanber.[0022] Yet anot her
apparpeidtompthe ehaningrdisotnsiugring apngndesl olamf.npr oved met hods of
manuf acturing m croel ectroni c devi ces such as
sem conductors using the inventive nmethods and systens
descri bed herein. [0023] O her aspects, features and
BRIEIDDESERIBETHONtOIE THB/BRAMWINGS [ | be nore fully
apparent fromthe ensuing disclosure and appended
[0624i nEFighikel 1Hs aBERGRItIE D GN intiredilyEhDRAVAINGE: {odGadike, illustrating
Figure 1 is a schematic of an indirectly heated
thezaprisial plasensntsifocthe etchansnpwtialng t hr ee opti onal
pl acenents for the etchant material. [0025] Figure 2
[0035]2 SEReRBRi & 8fschdifatidi b e dirsd Odibdtiatie: Pla3dBEBconfiguration
configuration described herein. [0026] Figure 3 is a
des&hRAREkem. di agram of a 300 anu residual gas anal yzer,
used to nonitor by-products of the residue renoval

[0086}Ct | PdSre 3 is a schematic diagram of a 300 amu residual gas analyzer, used to
monitor by-products of the residue removal reactions.
[0027] . Figure 4 is an RGA trace as a function of time showing the efficacy of Xer in
removing boron residue from an aluminum base layer.

[0028] Figure 5 is an RGA trace as a function of time illustrating that XeF, does not

react with a tungsten layer.

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED
EMBODIMENTS THEREOF
[0029] The present invention relates to a method and apparatus for cleaning the

vacuum chamber and/or beamline of an ion implantation system used in the fabrication of
a microelectronic device. Specifically, the present invention relates to the in situ removal
of residue from a vacuum chamber of the ion implanter and components contained therein
by contacting the vacuum chamber and/or components with a gas-phase reactive halide

composition, e.g., XeF,, NFs, F,, XeFs, XeFs, SFs, CoFs, IFs or IF, for sufficient time and
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[0027] Figure 4 is an RGA trace as a function of tine
showi ng the efficacy O XeF2 in renovi ng boron residue

woénrawars7al uni num base | ayer. [0028] Figure 5 PeTAIS208G038102
trace as a function of time illustrating that XeF2

does_not react with a tungsten | ayer. TAl LED
gt GRS BN 12 IRRAERTTORY RISV DRISH ERFE BB FRAGhETS.
THEREOF [ 0029] The present invention relates to a
angrde HB $0 4 &uglbpamama@thﬁbfes@%%ﬁewgw SelerHu el i iHh Eipsst to the
and/or beam ine of an ion inplantation systemused in
maferialstiEgyp phighitsreostPoaeTit Rfithiion EnplaHeiareepsEected.
Specifically, the present invention relates to the in
[0630f u rAsipod bersin, Feshanehimbar, Hclpdes thenseemirepuBchimier, and
ion inplanter and conponents contained therein by
the dort aeurean geiore inchedinantlech sertseer argnelfasiber; dhp grbise singyflaters. the
gas- phase reactive halide conposition, e.g., XeF2,
exii@ion Fdectryddss theXebgpresSios , elppdes, [tRS high vaitage fipgulators, source
sufficient tinme andunder sufficient conditions to at
bukldag indphe tauadeltyrbomnisodart uenpr esi due from t he
conmponents, and to do so in such a manner that residue
[003] r eriy eBeds egdi,i Viedaynling’t lindelepethe oo sdveceratgion ang other
fromwhich the conponents of the ion inplanter are
cofiPBEdntsuipkidd . thd GA3Mn Apstdns eilclndingitie béanslineuvacainandhember, the
i ncl udes the source vacuum chanber, and the ion source
act@&hton cbRfny ditBrgort BE SHEid] CRNMPOEenEN AERESS, elbdiPdstatit! serers and
insulators, the extraction el ectrodes, the suppression
lefe £ e R Ene ufRnivi@0laY PhdRa8d tRSHERIPESaust AHEC €
bushi ng and the source turbonol ecul ar punp. [0031] As

[0U§2§ hNBEEhdRein, BERFIeIcBonid MidedBSirdshdhds RNscRfdtinafctbBibaftes,
and ot her conponents inside the vacuum system

ﬂ'ciét g%ﬁgﬂsﬂgyst D& ARADdAEmY RGN FRASAEMS]) %aﬁﬁf;agtluﬁeﬁ 36:Qfse in

Imterior ion optical conmponents ‘such

BT RS S RSBl S B meroo
that the term “microelectronic device” is not meant to be limiting in any way and includes
any substrate that will eventually become a microelectronic device or microelectronic
assembly.

[0033]  As used herein, “residue” corresponds to the unused portion of the implant gas
(e.g., some portion of BFs, PHs, AsHs, GeFs, etc.), carrier gas residue (e.g., fluorine,
chlorine, oxygen, nitrogen, argon, etc.), as well as chamber material that is
sputtered/deposited (e.g., tungsten, molybdenufn and/or aluminum-containing species).
For example, the residue may include metals such as B, As, P, Ge, W, Mo and/or Al,

compounds between the B, As, P and/or Ge species and the W, Mo and/or Al species, as

well as permutations of the materials of construction. The residue may be conducting or
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[0032] As used herein, "mcroel ectronic device"
corresponds to sem conductor substrates, flat pane
wdi2e@layy3 and m croel ectronechani cal systens PVENS)(05/038102

manuf actured for use in m cr oel ectronic, integrated
[ ' ar

L, hj (5 O €
oG o T HAPDE R FSINE BT RE B opid sfrbfnRFor

not meant to be limiting in any way and includes any
implagh&3r at e that will eventually becoms a

m croel ectro t | .
(003033 oASf SRS Srnay P RGE BolPeSreaaipg ( KeF2 will
subggigsgggoo%ggnllp%%q% tlgg}:%’ngee @tefigl?sigsaf Ih%ager Sglg?erg ﬁé e of

., fluorine, chlorine X n, nitro
subl(amatu)n XeFans | knows te rbﬁrﬁ&eqffeﬁtg‘teﬁﬁ%ﬂn qighapt i%gdnhasq’eg“ used as a
sputtered/ deposited tungsten, np um and/ or,
silierin,peleptine: ctchantain ANligep é‘ﬁ@%‘ﬂ M§§hanmelrSYéS@m@ﬁé\4 S) AVIGHEPETEns
may include nmetals such as B, As, @)@
becAbise itcie mtoamredis sebestivie tonSiOh en@thqxsilelmrmwsﬂal@e%eﬁ%gﬁ Xek>
and the W M and/or Al species, as well as
reaaewithtsmbbmmommgtthdierfaﬂwihateactbﬁl construction. The
resi due may be conducting ornon-conductng. Preferably,

the residue pXefeyg)iBigs) naxagpasiF.¢gnponent s of the
i nplant gas. [0034] The reactive halide gas may for

Im OB, Shd GdoHBEF2 rebelich c4aREtur wiabi avlivatios,ulel, iptasmabr thermal
oom tenperature, but may be heated usi ng a heater to

hea{ﬁgrease the rate of sublimation. XeF2 is known to be
effective silicon etchant and has been used as a

[00§L5L't cqp tﬁ}%\@?hé Yion CtfeN ARt of KeM @§ QnEéteidnt GoMarhaly Gadon is

evice processing because it is

dlsggy%erde nR*tlyouE@ng{;%s‘ﬁ §| t|8 pe b%n@ﬂg tl@:‘bﬂﬁ it Q'tﬁ(ln%ﬁi tHa€ the boron is

pec XeF2 teact's with silicon
ordi.n g reaction. 2 XeF2 (g) + Si
etcg%??‘ﬁ@;’%é‘;g‘ Vggéf’%%“ (1) Inportantly, the)
T SN X2 LRAIPIAE) SRKL TR Pt Vet en

The use of XeF, as an etchant for arsenic, phosphorus and germanjum has not been
reported to the best of our knowledge; however, XeF, may prove to be an effective etchant

for these materials as well according to the following reactions (3) - (5).

5 XeF, (g) +2 As (s) = 5 Xe (g) +2 AsFs (g) 3)
5 XeF5 (g) +2 P (s) — 5 Xe (g) +2 PFs (g) @)
2 XeF, (g) + Ge (s) = 2 Xe (g) + GeF4 (2) ()

Similar to the silicon/XeF, reaction, the reactions disclosed herein may occur with or
without energetic activation.
[0036]  Importantly, the method and apparatus taught herein is used to at least partially

remove the residue from the components of the jon implanter, and to do so in such a

12



heating. [0035] In this application, the use of XeF2

as an etchant for netallic boron is disclosed.
wahkodsouyitsnot wi shing to be bound by theory, i PCTAIS2005/038102

t hought that the boron is etched accordi ng to the

foll ow ng reaction

mapbes R Eiess e sEegeterB! uSodth fy B pfiriat fom i he
arseni c, phosphorus and i um has. not been

come?}msaﬁ theplop ﬁ@?‘ﬁ%@t MSFO%HP“Q‘EM e@é‘b}’ém“‘irfo'%}dé%sg‘?‘¥ mplybgdenum,

prove to be an effective _etchant f
etofmﬁé mped kereis, the farmaatlsad .pﬁﬁla{brwe’f’ 5 eéwﬂas &85@?@/&@ at
(5). 5 XeF2 Xe

lea(s@aboeB%S L. Xe 00T gi° By i lesy e‘?%%t (‘@)mqrezrﬁ%b‘w} E
(4) 2 XeF2 (%@+ Ge (s) (r)2 Xe (g% + GeF4

wtSVayiahd mosioprefeeablyl it leash AD@EI0 vea s plothe f?%ert@g’étrP@ﬁ‘éed The
di scl osed herein may occur with or w thout energetic

extwat df/esidon renj@¥eB&]d/drripo implantey comppacitaemoel apry be determined
apparatus taught herein is used to at least partially

using enadytichle techsiukse well oknowhe irc dhgp owmie inckudifg, t e na@ynlimited to,
i mplanter, and to do so in such amanner that residue

teﬂaperatemqategfammleé cinifraetl y spaictrdscomys [(ERIR ) dFottier eaneforml nfrared
fromwhich the conponents of the ion inplanter are

Sp@&ﬂfs&dpyc((mﬂ?\), @legiron phrambgrietiy shacrgssbpy) (EFM), ybdidualiigps analysis
etc.. As used herein, the term"at |east partially

(RG@I)DM@SS shé&tregbiryiedd asmbihgtionet@real, of at | east about 25

fOA;%g/L)re@&priaferabla%e:/)l at | east about 50 wt. % nore
0@5 er kMl Advel RaFLo dS1ivet theYus-pitde rAaStvePaBdLsoaoyitial, e.g., a
[ 7Zst about 90 vvt%% % of theé?egllméue to gle rer?g{\?eg Theg

coft bSfbn ﬁlt:luﬁﬁlg')@@:?, t6 U4 unP A BEr Adthé PRLAME € in situ cleaning
conponent renoval may be det ermi ned using anal yti cal

th%rlg%h{rzygg&t%goswl InclaR) Bzglﬁ @bde, INEbHALAS niBHE, ARt a direct

t’enper a ure rogramTed i nfrared

in&gﬁ%{igrp #od® yA(tﬂ-ﬂgB)refetF QL fs %adﬁl@l%ﬁlfaﬁér% Iarﬁch% c@ﬁposition, other

reactive halide compositions may be used including, but not limited to, XeFe, XeFs, SFe,

C,Fg, IFs or IF;. It is further noted that the XeF, or alternative reactive halide
compositions may comprise, consist essentially of or consist of XeF, or alternative
reactive halides. Preferably, the gas-phase reactive halide composition is devoid of or
substantially free of an oxidizing species and a nitrogen-containing species, wherein the
nitrogen-containing species comptises at least one additional element selected from the
group consisting of O, F, and Br, unless indicated otherwise. Alternatively, the gas-phase
reactive halide composition may include reducing species such as hydrogen and/or carbon
monoxide.

[0038] In addition, it is noted that the apparatuses described herein may include

improved low-pressure dopant gas supply arrangements which permit dopant gases to be
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Spectroscopy (FTIR), el ectron paramagnetic

spectroscopy (EPM, residual gas analysis (RGA), nass
wepemtnmaTet ry, and conbi nations thereof. [0037pCEase008/038102

novel ways to deliver the gas-phase reactive halide

deh{}%&éﬁ) @)ZIIE% ij’?h%S gé irt at%}]o&%?‘ﬁgé%tg%?ﬁg .dla&ﬁk%ﬂgiinﬁﬂs.)i?rg%sioﬁﬂ Patent

er I ne In situ
fie b be Fi'he P
A lgg'f({é)%iﬁﬁdgd?{h%ép 8RR AR L P80 BRvery of
Lovt Bt PP Ot R Po BT dhar e, BB asIer e ey heey

used. i ncl.udi ng,, but not limted to, XeF6, XeF SF
mﬁ%?@%@“PPBH%PG%@?W'It is further noted that the XeF2 or

alterpative reactive halide it '

(008%nS] et ST Py S FOR EOTOTE O rth@ets Gjrrostioh ti3fosed
alternative reactive haljdes. Preferaply, th

thergisis emsrunicativaly gitached foyihe &g%‘ef‘éi"tf i"‘%h“’i%‘%@\?ger do 8f clgpned,
substantially free of an oxidizing species and .

whereinr thg estcherineantaines pnd fhe ichambegie 15 ﬂeftnﬁ%%ave a-valve disposed
ni trogen-containing species conprises at |east on

thembetiveeonBiring ceaning, el valvesepyfhegranmby gy sl HEF?“§$ iwlli‘@r eby
of O F, and Br, unless indicated otherwse,

the AKdRarvapbi iseparmittedetogfill thehehombeietoc be wieanps) prfid a pre-determined
conmposition may include reducing species such as

preliyiel BoemiRAd/ The etelanoomainaxiaie be EU8BIely heaiestor ingigase the
it is noted that the apparatuses described herein my

sublin@titeeatd adred iedublmatiphesssure dopant gas supply
arrangenents which permt dopant gases to bedelivered

[0040] ME I @Nmé&reWreferred pmbodiigentyitha pbdaaing i apbaratas inhdsics ialrephrate
in US. Provisional Patent Application No. 60/712, 648

holdfhg! SnbRFRf GhifRRRAENblukil posiioned .betwran ehd ietdhet container and
Del i very of Low Pressure Dopant Gas to a H gh Vol tage

vaﬁﬁﬂl QOHRE: Thite®h na§ HeeARRy firdCREPME Soklind yhaneee reh stored
ereiln in the entirety. [0039] In the stagnant node,

the 1 ﬁﬁtﬁrﬁgﬂé—d&@ﬂﬁiﬁécpﬁéssﬁ‘ﬂettﬁ}eéﬂaﬁl iXedachedo mReshdlii@f chamber serves

sposed thereln I's communi catively attached to the

to AT DG matd Egs F8Y Rk 3ALEin tRankRr Oneddfld and to shorten the

“waiting-period” associated with sublimation. The walls of the holding chamber may be
heated to permit higher pressure storage while avoiding condensation of XeF, on interior
surfaces of the chamber. The holding chamber may further comprise flow-regulating
devices, such as a mass flow controller, to achieve reproducible delivery of XeF; into the
vacuum chamber.

[0041] Once the desired pressure in the vacuum chamber has been attained, the
vacuum chamber is sealed and the XeF, permitted to react for sufficient time and under
sufficient conditions to at least partially remove the residue from the vacuum chamber and

the components contained therein. The vacuum chamber can then be evacuated and the
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wherein the etchant contai ner and the chanber to be
cl eaned have a val ve di sposed t herebetween. During
wohkewuray3 the val ve may be manual |y or renot ePgTaS2006/d38102
whereby the XeF2 vapor is permtted to fill the
chanber to be cleaned until a pre-deternm ned
clqaging ProgFitdEpeatprlers dpedsdn dhe ByacHdt terbgas PRRFURR MAY Be £ sﬂsf 91fe°ted
heated to increase the sublimtion rate and/or
to gbaymmeRhpRitinglpding puknot lynied fo, FW@CW@%P@S@FW&WPHOH beds,
enbodi ment, the cl eani ng apparatus includes a separate
ingiesratpisgvetisenblars, of a sebinaioatierspdl ume positi oned
bet ween the etchant container and vacuum chanber. The .
(00422 rikhy ibterrial aVRsElTe.i e, ansmymbereothisPeRt dpapinasimEy berigadily
stored therein until a pre-determ ned pressure
determimshby thoss of erdiasdskilbinghe A dhepateigaand ektegieefiths cleaning of
all ow i nmedi ate gas flow to the vacuum chanber on
thel eeviting mayd be cenglideatlg rdeteneintdvaihile nguyieg ithed timg sadir atopideting
with sublimation. The walls of the hol di ng chanber may
cohditiesabwtl ds derpparatite, piegpnrer cqeasstior ast parta ereskire)eof the XeF,
avoi di ng condensation of XeF2 on interior surfaces of
colipesifidrogstiadntify the phadesh dogditibarveducingyn desitddresidwommoid eesult.
flowregul ati ng devices, such as a mass fl ow
Fof @RAni e, | tBE premr@@ﬂthexew @pipositici il e deduuinedhgmbér ¥@RR: about
into the vacuum chanber. [0041] Once the desired

0.PTE8 34 hout 2.0t T\, [REEBlyGBaUTIET Thaso Berb 0 Ft o, A thetlbigsth of
vacuum chanber is seal ed and the XeF2 pern1tted to

cléBBEabb@ 1 %’&l;du@h%hutﬁé %uﬁﬂﬁayuﬁéj Ripesied hbdut @0 (2) to about ten
conditions to at | east partla y renove t he residue

(161191%; h@re\fﬁsw MENReREeE A7k KBE, SOBBRNENS TorOsMdihBashgth of

erein e Vacuum chanber can then be evacuated an

clée{ﬁﬁ@ SN N9nRLRE es[ oft fh ai}tr ‘ﬁ% ?r%ss’ﬁ?eeﬂ‘?‘flhe TRRuKY AEAeL during

as mxuﬂermy be cted to abatenent units

cle%ﬁ:né dﬁg%reﬁ]ﬂg 111%1{13 I‘e% ast e 9&% %h %g&ifaﬁ m ase as the

or I NClI erat ors, ers

clﬁng%ggq%ggn ??)fcf%e S 3?14(] %ﬁefaf ‘latclau Wé}l%;Il th-le—zr}?ac'tlpﬁ ﬁz{sqalll 1ts course

eani be

[002 X residual gas analyzer may be used to measure the concentration of XeF, and
other reaction byproducts, which may also be useful for monitoring the progress of the
cleaning process. A residual gas analyzer (RGA), as shown schematically in Fig. 3, may
be attached to the vacuum chamber and used to monitor the by-products of the residue
removal reactions. The RGA may be a 200 amu or 300 amu analyzer, most preferably a
300 amu analyzer.

[0044]  Preferably, the XeF, gas is generated without energetic activation, although
activation is contemplated herein. Thus, effective cleaning can be performed at room

temperature, although cleaning is contemplated at temperature in a range of about 0°C to
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determ ned by those of ordinary skill in the art. The
nature and extent of the cleaning of the residue may
woeomrprscal |y determi ned while varying the tPae/US2005/038102
and/ or contacting conditions (such as tenperature,
r ent rat i ard..l r r
abo%ei?t%%s%@?{i%o% B R e SR M W%, the
roduci ng a degired residue r al result. For
temaeraiys lé,‘nalWBgepﬁ%rE?E?‘g%oq: 9‘1%’8“%9 " conposition in the
vacuum chanber may be about 0.3 Torr to abou

[0043]y | Inpostpifya hs, PEASERS: Payameters (e CROSSH &ﬁte“é‘%f?tﬂ?%'rtg? reacive

the length of cleaning abqut 1 to about m nyt es .
halighi geh irmspsidiatie pwatesiyb ot ko Viym; ghaé‘ﬁ’&ma“# eﬁe (begipline
times. Preferably, the pressure of the XeF2 is about .
conpoBenty gnatetigdof FENSIBEAh opS cPsednhsigina HEwEntipl; ARfrigactive”

I mportantly, the pressure in the vacuum chanber duri
corgisgrands i leshdbibnd abeut carefofilthy toipinfeagiivadhadide (938 1RICES &HF gthe
wi Il gradually increase as the cleaning reaction
coppanerte o tendicairowhanpiranddbe bissringnerefeebbt leshtRASOPE? %,
its course. [0043] A residual gas anal yzer may be used
moktréfeablyress thae abastdént rat i on Of XeF2 and ot her reaction
byproducts, which may al so be useful for nonitoring
[004BF PRYEeEHIODS tHeestagneaninndy fir adesing o joasiodtsgl regigr 10 is
anal yzer (R&), as shown schematically in Fig. 3, may
shdvh af Fashed, #aichhiacMasua vaanantiemtend0dsad atcochmotbet 86, the
the by-products of the residue renoval reactions. The

acdREM IR ¥lcBGoR 140fhe ARttl@iticAcaode B2 eHecaibnde 1) she anticathode 20
preferably a 300 anu anal yzer. [0044] Preferably, the

and©F2 SRS JaficOeIRT atrae déHahowbnieier 3ot holdagt iheatiobs, may be
al t hough activation is contenplated herein. Thus,

co Huﬁﬁaﬁ\)éﬁ' SN thfic BRanRRF 106y BE dlicite@Napor feed line 90 (as
enperature, although cleaning is contenpl ated at

sh%xgrggoﬁga?t%}éﬁﬁlél}? BRIt Lol QlEig P Gné eahStcodHEPED may be

he citcunstances. Preferably, in the

st agnant i i . .
e A DRCHES s Ok ass o e

t he

va légrgﬁe\s]}gn%la li@lﬂe t Y trotfce ‘%Heoigﬂ éag 0T %c%ﬂ%bérkl%, valve 84 is

manually or automatically opened to permit the XeF> to flow from the etchant container
80 to the arc chamber 16. Alternatively, although not shown in Fig. 1, the XeF, from an
etchant container such as 80, may be introduced into the arc chamber via a reactive gas
inlet line (e.g., component 22) instead of a dedicated XeF, inlet line. Sublimation of the
XeF, source may be assisted by heating the etchant container 80 using a heater including,
but not limited to, heater wires 88, conformal heating blankets, jackets or shrouds,
electrical heating tape, heated fluids and/or gases, or an oven. In addition, temperature
measurement device may be used including, but not limited to, a thermocouple 86. The

entire etchant container housing 82 may be water cooled. Although not illustrated in Fig.
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hal i de gas is essentially non-reactive with the vacuum

chanber and the beanline conponents material of
woanmstosi on. As used herein, "essentially PCT/US2005/038102

non-reactive" corresponds to | ess than about 5 % of

t he t ot al tive halid i.t.h th .
- edibiishestSr e vadot eidiner it gl gonn Ge.
..pre bly I th 2 U f
it Basichmaonaiog: TOGABTS KA AR STohe (REet sgu ke o

for cleaning an_ion squrce region 10.is sho i.n .
chapbgir eFallowjgg eh lqaﬁcpmgegloypqufuw crﬁ%%e OT\S%,C infgrig, @f the
chanber 16, the acceleration electrode 14, the )
charabas|te baeletsd.crabietRRdeepensd ajd be gaeh ﬁaéva%l?’fe%' H&ing pump 96 via

anti cathode 20 and the gate valve 110. The etchant )
outleinkine Her Iisandibsir ginrhgdineat REHE shgpalanedsmiifnicsigis (sefgyoid of
connected to the arc chanmber 16 by the dedicated vapor
tudigsted spécres. 90 (as shown) or alternatively, although not
shown in Fig. 1, the etchant container 80 may be
[0e45mruriindia ¢ontiyous orode @netthans containeraeith e eleenifegas Lomposition
(i.e., positioned outside of the vacuum chanber 100).
disposddthéreid ucdirdche onéafizectia sommupictthvelyaatiechsd dorthe rvaagim chamber
valve 84 is manual ly or automatically opened to permt
ortth €heX@ & 2hdntbef, | apwaf vacunnt hemp ticwaindrawinptilz ¢lemirg0gas @nd heaction
arc chanber 16. Alternatively, although not shown in
prbin@ts sb.thdt BRree k2oftinasusiiovedtdasatthrongt the neumwbimbe oBe arc
may be introduced into the arc chanber via a reactive
cha@Ber. NIAGL inkrt RErrief ofs maGOFEORRIRE] 22 flownsintiagbusly aver the XeF,
dedi cated XeF2 inlet |1 ne. Sublimtion of the XeF2

co%giéﬁiﬁfé‘n IPhe BRhAS ShithiBEl (B YRR isREdy fRaREFIRI to the chamber to
contai ner 80 using a heater including, but not Iimted

bd ae?(d%&atﬁ% W B 8Bthe CARHeP 5B el thr8 B Th B BAnS container, and

] ackets or shrouds, electrical heating tape, heated

Ui / , Pt oy q s
oot B P e, LA B i sl e
ut no , _ . -
s bt FBAAD Ry AL o e
cAI%;Qegégcggh?gga[nibgr%Zt{erc?etaggq.' n Fig.1l, a holding chanber

| ween the etchant container and the
%2 uunmgl.e. . . . .
[0 Ah exaniple of the continuous mode, wherein the etchant container is

communicatively connected to the arc chamber, is shown in Figure 1. The etchant
container 40 holding the XeF, composition is communicatively connected to the arc
chamber 16 via the valve 42. Alternatively, XeF, vapor may be introduced together with
other reactive gases, dopant gases or inert gases via the general purpose gas inlet line 22.
Outlet valve 92, pump 96 and outlet line 94 are positioned to withdraw gases from the
vacuum chamber 100, thereby effectuating the continuous flow mode. When inert gas
container 44, valve 46, valve 42 and valve 92 are open, and pump 96 is operating, inert gas

flows continuously over the XeF, composition in the etchant container 40 and the mixture
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if the etchant container 80 is positioned outside of

t he vacuum chanber 100) or arc chanber. Foll ow ng at
woOeesto4psast i al renoval of the residue from thePCIUS206/038102

of the chanber to be cl eaned, valve 92 is opened and

is i%ggdtgag gﬁ%ﬁﬁ gfcec\éﬁlﬁgat ednli}ll | ns%ls ﬁgrn%oilgﬂgﬁll?? ut etv*a oufl& line
94:: g%%ﬁdgig}g% {ggnt(ﬁj%@t'e ?{ffegltlgﬂlgiﬁ glét e%:l}g}srte q? gﬁgg%lrélitrogeg, xenon,

cl eanin as conpositjon dis osed therein is directl
ang peljyy; %e‘%ﬁhgr AT BaIrpRE R AT S %‘?a%ﬁ}a chant
chanmber or to the arc chanber, and a vacuum
confpippich0aainec hemier @ dessribrgl Ryadoushviti ssgeids fp the af&é%fl%m%e- In
that there is a continuous flow of gases thraqugh the
rempeneliuse tetregfhdeaning mayeegsifecupadbeflowing thekste n%:lé‘iuﬁ (&F the pure
gas may be arranged to flow continuously over the XeF
XeFongeotinausly thieughhthe arcthambercwhileatha don sayragep o die-2 plasma is
steady stream of XeF to the chanber to be cleaned. The
gefidrated rimtthe afc chemtear pi off. gy altesngiive splasma-geherptigg source for
etchant container, and cleaning tine are experinental
plizamanteh thesra dmmlbbmrdlﬁ‘b@lymmmqf thdrars ehanidielr iseadsol qentepplated
art. Simlar to the stagnant node, a hol di ng chanber
heray, Irefemiblyy dieech doatcatem duning diecdoatiiuooombdd clemirgrmlodehe
chanber to be cleaned. [0048] An exanple of the
[069Nt | MWQMd8itiBRd8e. iestekd thdi@trediztionbf ®he Xellh campdsition into the
comuni catively connected to the arc chanber, is shown
vabiint1 difnBerl 100.he netRid ashbsudém] NRIF, 4o obteliang coh@in¥efed is
conposition is comunicatively connected to the arc

coffhaFRG ivelP cotinBetbd® tHkacRumMZhattbdraid0atd ¥ @ddicatedfiet/ife0 'When
may be introduced together with other reactive gases,

ge e & BERhIvVE8S 8 Wil 92MRe SRACHRIpuRip'98Q
11’lgaga%’ ﬁl‘ f?‘n%lv . rvglltV | et @%da?/vae %2 eg%?rp %p ugir?d oﬁ?‘l)eé%tmg’

in{:}j{tJl ge?s fﬁ)%vs%% rﬁ%ﬁ%{%g&??ﬁ *&F, %&P&ﬁtﬁ)‘ﬁ’ i %%&hgﬁt(whtﬁiﬂ@r 60 and the

un1cha ereby effectuating t

m&?uré lsq}ilt%ﬁ?lcéd iy tﬂ?%%uu%ﬁeﬂnﬂep $0¢ vidBR dedicated 1n1et line.

[0050] In yet another embodiment of the continuous mode, the etchant gas and the
dopant gas are introduced simultaneously to the arc chamber permitting a continuous jon-
implantation and cleaning process. The amount of cleaning gas and the process conditions
must be tailored to insure the desired dopant species are not compromised, as readily
determined by one skilled in the art.

[0051] In a still further embodiment of the continuous mode, cleaning may be
effectuated by alternating the continuous flow of the dopant gas (i.e., BF3 or other dopant
gases during ion implantation) and the continuous flow of the cleaning gas to the vacuum
chamber or the arc chamber, with or without an intermediate evacuation step. The dopant

gas and the cleaning gas may be alternating between one and five times, as readily
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contai ner 44, valve 46, valve 42 and valve 92 are

open, and punp 96 is operating, inert gas flows
woamicioatosisl y over the XeF2 conposition in thePeraisams/038102

contai ner 40 and the m xtureis introduced into the arc

co SRR 2 IR TRC B Tl e SRR e g
S B S gL Bt o

subl i mati on assi stapce, by heating the etchan .
spegisht DEF IS ﬂzmcai%?éiiﬂ}gg“ cleay b decoppled Fropb et isrieasd Wjth the
with regards to the stagnant node. |In renoval use
proeersing sehedpleandimye fegPepe Pne MY ACEY- by 1 owi ng t he
XeF2 m xture (or the pure XeF2) continuously.hgrou h d
[0058k ade thefitsel inforvcion Haodey P BiHRANE GORIAEITT (Wt .pfe"geasure
plasma is generated in_the arc chanber) or off. - Aﬂ led
amaimte pf XeFy eompasision- ¢ &néy theifpgn ebpslles fpintpiuced iip dhy spale
the arc chanber or directly upstreamof the arc
vaginantiembeis1¢4. sﬁlﬁﬁmﬂ?b@e}éd syblimates in teafgyuny chambep and the
ion source is on during the continuous_ node cleaning
Xeps tcpsmitteda046dct For suffitient Gme antl gindar suffiqient cgmditions e at least
i ntroduction of the XeF2 conposition into the vacuum
pagiaiyrbenovkOfhe rbsidiehfromehbiati smirde, refior dompanantsshdhe amount of
container 60 is communicatively connected to the .
ctohAR ANt e @squired fori ceaning ek wadibyoddtermdtied| yrtose\aidled in the
inert gas container 64, valve 66, valve 62 and val ve
artd MAh&IsTOERechanital iR, i.6, aaniatontainers, aentadgnsndiheswesl by
conti nuously over the XeF2 conposition in the etchant

th&R kAL & th6 QreAPeIéWARg B Mhst baitihiSremb vl of dreassiduet foont the interior
vacuum chanber 100 via the dedicated inlet |ine.

of 0 bbNto YR c1aRAE DaYe eRefiERTENNd Be dab® stOBtacmi@UBing pump
node, the etchant gas and the dopant gas are

96'p\’?£ &R?:V 8o il ARBAKELY clﬁﬁliﬂ%}ﬁa}aﬁ&reﬁ&m hecessary.

ermtting a continuous ioninplantation and cl eani ng

[0@%3;10651%- andier aétﬂ?cg)ﬁhne% of B2 RHVRBH G Sh@ MehcHE hiiRCEESmay for

di tTons nus e tarlored to insure the desired
ex%&? PC:‘WHS 186(:: %31%’%0 rgl? éxﬁ&ﬁolrigg 'ﬁﬁ%??hgcﬁg ’rl\tIfe_’«,Slf E)lgééﬂilinlt}lf{% searlniconductor
in lflslglg lrﬁs E?‘gﬁ‘flf’g@% ggla}tgg %r'ﬁ%&na%&ch‘i&? e.cge M, 14 Qb BEP gﬁaning of CVD
reactors. Additional applications include etching of polysilicon, silicon nitride, tungsten
silicide and tungsten films. Specifically, NF; dissociates into reactive halide species in the
plasma, such as fluorine radicals and/or fluoride ions, said reactive halide species
subsequently reacting with the residue to be removed. For example, if the residue includes
boron, cleaning occurs according to the following reaction.
3F;(g)+2B(s) > 2BF: (g) &)

[0054] Several novel ways to deliver the NF3 compound to the ion source region for in

situ cleaning therein are proposed, including a direct dissociative plasma configuration.
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effectuated by alternating the continuous flow of the
dopant gas (i.e., BF3 or other dopant gases during ion
wonpleatasi on) and the continuous flow of the eCeaszmg038102
gas to the vacuum chanber or the arc chanber, with or
wit hout an ipternedi ate evacuati op step. The_dopant .
853 "ans e BB AT RE  HAS DERNERRI | g Betrigh 222 i
ccg’]q?qq?cggvé{%l ;g@ela{ég Sto fl?ﬁsgrcr: gﬁgn.gqlcﬁ gi ﬁ\él%gfygwg smcl)a{‘]ced therebetween
as/cleanlng gas met hodol o i s advant ageous_rel ative
2R0o(sendigeg D erfts sear it Figyrend, g%/ft NEpsqyeegis tcemﬁam%veébbﬁfaﬁﬁcwd
speci es, because ‘the_cl eani ng schedul e may
wile clbe preadiiver 8a ane- | BFer inlsh\iabe i 18h qllﬁ@lrpgr o@técyl@ptr@ of NF;
schedul e, and nore frequent cleaning may occur. [0052]
simpltaneeushi métt othat e sewrrooprsl enaterinlet dieeves optheri means of
with pre-measured amounts of XeF2 conposition, e.g
intraduckng Nlariniodthe pesl dhemnber ars cantanpiated dor 4xamplet tie asle@weé@ﬂ NF3
vacuum chanber 100. The XeF2 conpletely sublimates in
intelh ding.a Cwimg cieningr Nétp @ntelsethefe ¢hmmper 244 sreldthe dluoeide tions are
for sufficient tinme and under sufficient conditions to
gabrated aising fardxistih plasearequépnidne(erge shalfibment@12] daghode 214 and the
source region conponents. The amount of etchant and
arftidgthdden®l 6) @g Wofne tadtitionsl| @euionigs afrgngee aditliny ticbesre rotiambet 210.
by those skilled in the art. Methods for mechanica
IndHSERRA fies dre Proferably Rdidd 16 ARY At RB&Bber a6 Qiliteakl highly reactive
englneered by those skilled in the art. Follow ng at

fTh@ RIS tiorRa Hat A etdr§ SRhHs N, floRerafeSiilodHe afcr MBINbEE ataBiirke oF Bluent
of the chanber to be cleaned, valve 92 is opened and

ggsh @ha‘iiﬁ)%? Predbife GUAGHRL REuIHI! B cRUIRy IR MadilP Hbtb@lindd B those
. Direct 1ntroduction cleaning may be répeated as

sl&ﬁéﬁeiﬁstﬂé Irt. [l\%gﬁgll: glcr:%f%gso%]al | pRQd 8B13b c@ﬁteltn Bted, wherein the

I nvent on, e gas may for exanple

dﬁ’fggg{ #mcé?m S r&h& "Rt tsr tef 1'155.4(? E gntfahlﬁ%a e a@o? (affferé}% gldsﬁ’la shapes

€ sem con In St ry

TPy T S e onafe%n* TR e e
AR LS RaP L Y, e SBRGTI g
pgrltla ?é’rﬁc')v% efs thla rr]ésgdure r%(r:nt tlhg ﬁltel?rl%r op the glg)amcbele %he gaseshaere evacuated via
an outlet line and optionally abated.

[0056]  Additional cleaning gases contemplated for introduction using the direct
dissociative plasma introduction mode, in addition to NFs, include XeF>, XeFs, XeF,, IFs,
IF;, SFg and C,Fs.

[0057] In another embodiment of the invention, the reactive halide gas is fluorine, for
example as delivered from Advanced Technology Materials VAC cylinder (Danbury,

Connecticut, USA). Fluorine is an extremely corrosive gas and can be used with or

without thermal or electrical activation. Without activation, the fluorine gas can be
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pl asma, such as fluorine radicals and/or fluoride
ions, said reactive halide species subsequently
woeemsturay3wi t h the residue to be renoved. For egamsk®s/038102
if the residue includes boron, cleaning occurs
r.eact 3 F2

accordin o.the foll own j,on. + 2
a s?ed( ‘?“jeﬁg%%%thf JReyusy clrmg]whgwbh'nﬁlgaﬁ 5,28 %%; do ts%on?aneously
- deljver_the NF coppound o the iqn source regi.on for
rof, e TEGAE AR P PHACE swiligens SPURRER atilFAst BiALy tpmove the
direct djssocjative plasma configuration.[]0055] In the
regifiyeg o I gidiiamal agtivgldonyfsaisagiredo ﬁ?ﬂll%w’érﬁ iTeAY, %hmi‘l% glledicat an
222 is conmunicatively connected to the arc chanmber
elovatyd tempegatare\aar e gastgrnitier foresct Busiiisinbtime (e glgleast partially
Figure 2). As seen in Figure 2, the NF3 source is
removmiha resituey &1 (he abpmaiiteetiplgtmanmanbe ggratqd ithjn ghe age ghamber
BF , inlet tube 218, allow ng introduction of NF3
(as fespriied peayirmisly) (4 fubthetinduce flapring aciivetioslopant mat eri al s.
However, other neans of introducing NF3 into the arc
[0058] b eThearemnbodimantsp | desaitied flsreiexmeapl be vadded diessily atoe chewly
NF3 inlet line. During cleaning, NF3 enters the arc
mahdavheed DhGmpladtatibretoblswo ini thealieorsiva iephetesradicaty inssagay be
the existing plasma equipnent (e.g., the filament 212,
ey RadbttedlWitlathd cicheing sisteartdbedbedAbdin.or somne
additional electronics arranged within the arc chanber
[0839). | 4 turthdi brdBRlime@s®e erhat ghemay abbienadieiih tie idpeanting
arc chanber to dilute the highly reactive fluoride

spefIBS ¢.oR ORIk iEEriE) 66 tHas ctbiide AADMplakiag intly Ockiesimiiieaneously,
chanber, anount of diluent gas, chanber pressure and

whicHE8s ' @RUE&EivE Qb 1©1nRABF RbnigfiAtibe A dofvd §hRr fddeBmMYtion of
those skilled in the art. Miltiple pressures and flow

add@icRs]l EbénstleSRIICAN R A t18ds, AMBIRERidbolidRnebf the [®Bition relates

pressures and flow Tates are used sequentially to

o) ko S S0 AR AP ERSE HRBRY LY cin e
; . : .
555 ol Bl E2RL AR LB ORI i 4y
@ﬁrgial renmoval of the residue fromthe interior of

WL eRanber, the gases are evacuated via

[0060] The advantages of the present invention | include, but are not limited to,
selective cleaning of unwanted residue in the vacuum chamber and beamline of an ion
implantation system, the ability to clean the residue without using plasma-induced radicals
thereby minimizing damage to the components of the vacuum chamber and beamline, and
effective cleaning at room temperature. Residue removal from the vacuum chamber and
beamline using the methods introduced herein reduces source glitching and extraction
arcing, thereby contributing to more stable operation of the ion implanter. Further, the ion
source lifetime and MTBF are increased, with a concomitant decrease in preventative

maintenance costs and time.
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an outlet line and optionally abated. [0056]
Addi ti onal cl eaning gases contenpl ated for

wOonotemdwarsi on using the direct dissociative pl 26maS2005/038102
i ntroduction node, in addition to NF3, include XeF2,

XeF6, XeF4, |F5, |F/, SF6 d F6. . [ 00 h
o850 et Sreniiecs 16 RPTBNCTE pish Py e P R g gtormed

is fluorine, for e | e. as delivyered from Advance

sbpBchis BB REckA0 %Wﬁ‘?fa af Cleingsupsy, b¢ more or fess often
Connecticut, USA). Fluorine . s an extrenmely corrosive .

degending,on gy ofien j8e PMAENET HMESou VRigadiy it Igpeth of the enire
el ectrical activation. Wthout activation, the

cleqningraprratignis abayt 1dwan Athquglhythgiclearing fime gnayrhe mere OLIGS-
chanber, wherein the gas is permtted to spontaneously .

0pedct Toperdormt anyi efrfhe tlepringprerations Aesstipad kareintthe ion soufce is
conditions to at |east partially renmove the residue.

leftion griticnedmib(es idicated in b faregoingqupgessss) ang Migorrerse ésolptign valve
be heated or left at an el evated tenperature and the

is glosedoonrstagnant or contisneits prasesss) fof Prdnd(far contimmonopragessegpyior to
partially renmove the residue. In the alternative, a

- inprbdistion fithe péchg@ngas &irgble oichant contdieer dn thectimpbiatrodugtion mode).
descri bed previously) to further induce fluorine

Fahinpdesidine remd0dShormhhkior mydalitereperaticdescayi teecsunedei n
may be added directly to newy manufactured ion

[0063] animydt@notherodBbddimént of the iaveneiom aifi-lies (eixnpljacleaning of the
already in use may be easily retrofitted with the

cethABN B 1BY Sin&GBrcd &gohiubiRg a Refoe iphase [idEIdsedl. NIncthis nbbdiment,
enbodi ment, the etchant gas may be bl ended with the

cdnipnai! | fRfin SRYCHEE of Chdion RRpIARer FhidhUsei @8icats O(elel) agraphite-
etching and inplanting may occur sinultaneously, mhlc%

cdraififs t el foBEdtY)Y Sraly Nbd RdMBed loflint Thefddyl @RmBatifd WRposure to
time and el i mnation of additional expensive delivery

cc?h)(l tfoll &1 ofﬁ:hh@clet (f)% Elf;égl oS FROALIRMes OF 8.1 OMAREicRAning using

elates to a ne I mplanting an i nplant species

R B AR R A B A LU g At
cci)rr%)olngr% iaﬁ@li&lﬁgscxivﬁﬁh @ﬂ{gr it pores of the delicate components during cleaning
must be pumped out of the pores during pump down of the vacuum chamber.

[0064] In this embodiment, the ion source or any other power supplies are turned off,
relevant isolation valves are closed, and the ion source or other vacuum chamber is vented
to atmospheric pressure. Preferably, the ion source region is allowed to cool to room
temperature before disengagement of the components to be cleaned from the ion source
region. The components are removed from the implanter and positioned in a separate, oft-
line vacuum chamber with a simple pumping system and valves. Alternatively, the

components may be positioned in some other high pressure vessel such as a supercritical

fluid vessel altered for said ex situ cleaning. Etchant gas, for example XeF,, is introduced
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etchant gas. [0060] The advantages of the present

i nvention include, but are not limted to, selective
wohewruray3 of unwant ed residue in the vacuum chagbais2@sd3si02

beantine of an ion inplantation systen1 the ability to

mgoatg?a gfg’ltlglg v%glﬁilgg%aﬁw ! hou gtc'o dtﬂfgréeg%h"tl n’E}} | g%r r%‘gﬁcwn tlme and

of the. am i ne,  and fectjv

et 3 ‘ﬂaﬁa@n%aﬁ%@ﬁ%e@?fﬁamaﬁy R e R R P Sampaients
yacuum ¢ er and be n1|ne u3|gg t he net hads i

ol R e o aﬁeea e BPiodTeg AtecRITFRS - optionally to
extraction arcing contrib tlng to nore stable

abgfrareqt ugHs ofs Prrating fﬁﬁb% fo & PTOsgrY Hshose e ‘ihB plOXiC vapors.
squrce |ifetinme and MIBF are increased, wth

Preforrbbi the offt-lipsc yasyuta hamperels e stand 9@n?rdﬁnﬁtt§?fa‘ﬁ ablectpspegvice
and tinme.1UUL] in situ cleaning ot the vacuum chanber

ROy aimpEntrhel-dirperds of 1 &l dddthgdut 1 to 2 tinmes
per week, although the nunber of cleanings may be nore

[0@65]| esh yﬁttamth@r@p@ndﬂmgt the presantonyeastion redat¢son thenjslsém elepning
is used. Typically, the length of the entire cleaning

ofgpecogenic pumpabout 1 hour, although the cleaning tine
may be nore or less. [0062] To perform any of the

[00bélani Ag wakhatinpfwcdmdated lpededseafBnants” tdosrespond sothosespecies
is left on or turned off (as indicated in the

thhiodre g ot leropabde daigdie endertioral Seyoipamp iparge pidoess vslgundtrogen as
cl osed (for stagnant or continuous processes) or open

thef firgeC @A, | FUO ESaniil€ OIS SESIMMteD brdcessi ¢Tfllienthl Glal B pkcies that
the etchant gas (or the etchant container in the

uliefv@sik ai dbmRANEHahQNWHIRIBE -cryfoplilmf W3 Gvdr@8d €l embie@bperature.
normal ion inplanter operations may be resumed. [0063]

AltBn¥ilely2 R E@éunﬁ'lﬂ%&ﬂ?%@&"s PuchRemby\¢6ésporY tPbfecles ABat have
{ex sitl) cleaning of the conmponents of the ion source

a&}ﬁ%d@@tﬂé%&&llép&%%@fhe%%% ps disclosed. In this
o I ment, conponents fromany part of the ion

[ | anfgio nlg My c@n\féﬁ{lérﬁ?t go? Foice u"f’iﬂ tB@ %%ﬁoﬁfnﬁ' M8ging

onent aned o -line t

pl%késgivﬁ%tréb@gthg)%glgﬁ'&gtﬁret& the cryopump is raised from 10-14K to ambient

temperature and the previously cryosorbed species are carried away within the purge gas
to the exhaust system. In the present invention, a portion of the nitrogen purge gas may be
replaced by a reactive gas to remove or inhibit accumulated process effluent buildup in the
cryopump. Reactive gases contemplated herein include, but are not limited to, oxygen,
ozone, nitrogen oxides, other species that generate oxygen.radicals, and combinations
thereof.

[0068] The purge gas(es) may be delivered to the cryopump using a process selected
from the group consisting of: (i) 100 % (“essentially pure”) nitrogen for x minutes

followed by 100 % (“essentially pure”) reactive gas for y minutes repeated n times,
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conventional off-line cleaners, such as harsh
abrasives or liquids. Of-line cleaning using a vapor
wohes@imaserial is an advance in the art becauBeT/US2005/038102
abrasi ves can danage the delicate conponents and
- liquids ich enter. the pores of the delicate .
Wiaea%ﬂ SHBRY Be Ay infrgercbebueanniyand, A4 anddn x; o 3] sgualy theypulative
goge; during punp down of the vacuum chanber. [0064]
length (of s ayrgig: pravess: (thi0d Yn“swentislly prreRhyitrogamedt timsnero and
supplies are turned off, relevant isolation valves are
100, Gsegssentiadlyt e’ dprclivr) etseatothe sné of this cuvapuipapHsging ipsocess,
vented to atnospheric pressure. Preferably, the ion
whesehycthe pergensagei of niffagemdesreases @od thetpsraenioge ofenpntiva e igoreases
bef ore di sengagenent of the conponents to be cl eaned
comtipyauslyeorjip stepo(pged or agi-eqral thdimsosiporienparaly omeime edo to
fromthe inplanter and positioned in a separate, off
the pnrboﬁtabwgﬁmm @i) 0% (Sessintipllyepyreilmitrgges wstimenzan dnd less
val ves. Alternatively, the conponents may be
thpro d PO i %6 rreattive e me tint bt ofiitigh cpopsap rpargies pedcesy Gherdy the
a supercritical fluid vessel altered for said ex situ
pec¢eatage nhnitregenhizateagasnd the perecnieyp lo€ reketfvedas inreases continuously
i ntroducedinto the off-1ine vacuum chanber accordi ng
ortin stepe(ctyed ©h hogsquakinadifensio) tetmpofdllyi frRom tifnke Feroad thelbdd OF this
sufficient conditions to at |east partially renove the
cyckgputgee (ivy 0100t-he % arfgeeaicz % flatiaw gag coaiosd e Bdudlout the
phase, the toxic by-products are punped away,
pwogihg PPkessy ah® (AbAkEHGHR tand HolnbinaBénsPtherdbOUBr¥ferably, “x” is in a
descri bed, to properly dispose of the toxic vapors.

raifeefr&h ABbut, 10tiiRueé fo dbole1 20aRMURY, GRGBREK dbsutd 0ShARs to about

alone unit that is able to service numérous ion

20 ARIBR! eySis iR-Orangd RYA! H3uC0 Mt tol dbobtB20f ﬁﬁrute[s,olglgélably

In yet anot her enbodi nent, the present I nvention

bb@! £ Atk thABoltDoShintheg!KARLNG if' loo19h
D BORT A S o 23 biteE BRSO Eeon
9%?w espond to those species that are not renovable

uring the conventional cryopunp purge process using

C R M -
vol. % contaminating species, preferably less than 2 vol. %, more preferably less than 1
vol. %, and most preferably less than 0.5 vol. %. It is to be understood by one skilled in
the art that a contaminating species may include reactive as well as non-reactive gas
species.

[0070]  The foregoing purge gas(es) delivery options ((i) - (v)) may be applied during
warm-up of the cryopump to ambient temperature, following achievement of ambient
temperature (i.e., the cryopump temperature was increased using 100% (“essentially
pure”) nitrogen followed by the application of one or more of the foregoing purge gas

delivery options) or a combination of both. Accordingly, for purposes of the present
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underwent a chem cal change while the cryopunp was
warnmed to anbi ent tenperature. Alternatively, the
wacosrutzaas ed process effluents may correspond POT/US2005/038102
speci es that have adhered to the netallic parts of the
Nitro gas of

ryopump. [0067 en is the conventi onal .
kBB T et Sosblidy i mEEG G O iss 80 dprsbesyosapisally
tenperature of the cryopunp j.s raised from 10-14K to
oGl Ohihs Bl e e AU ECHPSY RNy empRsaBiepar some other
species are carried away wthin the purge gas to the
mQE’ﬁ%\tu%’Be%% %‘i?PmPleﬁ*tqdhEOfﬁS%%ﬂFm‘i FAPche innst eHicinntly removsd, as
the pitrogen purge gas may be replaced by a reactive
re@‘é@ ‘{éber'inér}?éxbé og¢ Skilkis} 1Bithe axicler the fesired iy stesaings f | uent
(ﬁuilduP in the cryopunp. Reactive gases contenplated
[09¢Hei nlmpritagtie subtiitutioneof foxeagqtivaipiess gas foroatylgash 2 roptinmef the
nitrogen oxi des, other species that generate oxygen
nifrggRnc Byge 888 dvikb ﬁ%’iu?ﬁatbiltb(g@ oh thee afcumupgsprotise ¢fflvepe in the
gas(es) may be delivered to the cryopunp using a
cypRws ¥hichihag theddpantage ofredugingipr eionisating ithegfrasfiiencfyiof cryofump
% ("essentially pure") nitrogen for x mnutes followed
mpiptepgr@e Engd ‘concoaritantly Hecrgasesethy taok dowitiree giads theaostyof ownership.
m nutes repeated n tinmes,wherein n may be any integer
Intpdtlifionthe acadity 18l amtdie coldheddxoftheyryopaepah®y tehdecreased as a result
curmul ative length of this purging process; (ii) 100 %
ofthess @ftheatdcyivpgas&s). nitrogen at tine zero and 100 %
("essentially pure") reactive gas at the end of this
[0072] Sfhe nfeatpisgaml afvantagess of \the irfitidnN BrePR6RE RIIBIShoMn by the
nitrogen decreases and the percentage of reactive gas
illusteatieasamplaiscissedibdlywor in steps (equal or non-equal
in dinmension) tenporally fromtine zero to the end of
this cycle purge; (iii) 100 % ("essentially pure")
nitrogen at tinme zero and | ess than 100 % reactive gas
E&imple¢ end of this cryopunp purging process, whereby
t he percentage of nitrogen decreases and the
opesice i Male S Nt I .
[opE3Icentay %alﬂf)le:é ngérf'é chﬁ)aﬁaSusrr&i %l@égll%ﬁ beafl Héd?)#ﬁé?@r%oc%f aa](flfns}mum,

in'steps (equa non- equa mensi on

b6 Rulgst¥R 2A8"RlicdoR dnNSlast Wiccdplisfides. The aluminum was used as a

bottom layer barrier on the glass slide. Some samples were capped with a protective
silicon layer while others were left uncapped and allowed to oxidize. The test samples
were sequentially placed into an ex situ XeF, reactor and etched for 16 one-minute pulse-
etch cycles at a pressure of 300-400 mTorr at room temperature.

[0074]  Figure 4 illustrates the removal, as determined by RGA, of boron from a glass
slide having a base layer of 500 nm of aluminum with 500 nm of boron deposited thereon.
There was no silicon capping layer therefore the boron could have potentially formed an
oxide layer prior to etching. The XeF, etch process removed most of the boron in about 4

cycles with a concomitant increase in unreacted XeF,, indicating that boron removal was
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cycle purge; (iv) (100 - z) %nitrogen and z %

reactive gas continuously throughout the purging
wore@gz73and (v) variations and conbi nati ons Paemnsefos/038102

Preferably, "x" is in a range fromabout 10 mnutes to

about 120 m nutes r ef er abl bout .10 m nutes to
aegreasing grnad ?ﬁil?eéjsziutoggtheri. S rrfp[c?rtgntglaE@e 4f186qlﬁa% dhat theyboron layer

m nut.es to out 12 i nutes, preferably abgut 10 ]
was lﬁﬁc{l&sre{l’%V usige %%ﬁ A SYSiem a%fﬁlalethgd ta[ugl\]/- herejn,, %yﬁ@éf an oxide
lfrgq% bout .0.01%.to about 99.99% [0069] As defined
ayEhad formed thereqn pHPT 9 efeling” corresponds a gas

tainin ess than 5 vol. % contam nating speci es,
l"ﬁ?ﬁf er gy 4 éﬁ‘étrﬁ%weze%wa ay, defpgpined rbéffé(ﬁgbpgmnéﬁ@ from a
thapn 1 vol. % and nost preferably |less than 0.5 vol.
glogs slide haying 2 bage [ayercdfs08 sen ofyplugtieurs wiith) 180 njyofitwegsten deposited
that a contam nating species may include reactive as
theiepn. Bherg pyas pe silieon,eappiag laypetberetore the am@ptereuld bregmiangally
purge gas(es) delivery options ((i) - (v)) may be
foamsig neeKidruleyergpriga toretaing f Noengstey opropguntls warehotserved by RGA
tenperature, follow ng achi evenent of anbient
haweigre thgtnresenqe ofeXeFatwas signyfigontndicatimethat no eungstsn removal was
i ncreased using 100% ("essentially pure”) nitrogen
ocwiringwhdpdstantieFigp @ dnd &t illastratef thainie sterarsl réthdéd@ught herein
foregoi ng purge gas delivery options) or a conbination
selebtivelit Femokes dond inmgjbntatidhomesihue; QS etorad, WHIR being essentially non-
presentinvention, time zero corresponds to the nonent
retdtige pwithp thes maceriaBNGE CoBiri @B NdfCthk | Wn CiaiPlRbr, lg.,t fifgsten and
nonent when the punp achi eves anbi ent tenperature, or
alaninemot her nonment when the accunul at ed process
effluent can be nost efficiently renoved, as readily
[00Eg] er nWREE! thy iDRAtSKihhd ®erl BeschBedahdreihOfith Efe&isé 16 Yarious

in situ cleaning. [0071] Inportantly, substitution o

spacifi€ ambodiReRs HSvilaR eilcp?fecﬁfed liRAShe lﬁlg@lﬁfotni @t og thuk Nhited, and

nitrogen purge gas w reduce bui | dup of

ex@nld bRt BtoRIpASES %al?grufgl tm&cﬂiéaﬁﬁscﬁlﬁowg%&ir{lﬁ@i GO will be

has the advantage of ucing or elimna
aphfeBiatd8 BS Yho8d offinkPRHMRled in the art, Accordingly, the invention is intended to

be broadly construed and interpreted, in accordance with the ensuing claims.
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mai nt enance and concomtantly decreases the tool
downtinme and the cost of ownership. In addition, the
weaceimiuy37Bevel in the cold head of the cryopunpCmag2me/038102
decreased as a result of the use of the reactive
gas(es). [0072] The features and advantages of the
invention are nore fully shown by the illustrative
exanpl es di scussed bel ow. Exanple 1 [0073] Test
sanpl es were prepared THESLAMSt ron beam depositi on
of alum num boron, tungsten and silicon on gl ass
Whitds elsimedds:s| i des. The al umi num was used as a bottom
| ayer barrier on the glass slide. Some sanples were
capped with a protective silicon |layer while others

1. ver & hahdd snaarpRt Reunlchang of @ sexicdhdietor ilvgufaetating tool,
sanpl es were sequentially placed into an ex situ XeF2

r eagtiofs GREoRHERNAE of 86miifatRN eI Rl dthéRRinpPhismgc| es
at a pressure of 300-400 mforr at room tenperature.

[0074] Figure 4 illustrates the renoval, as determ ned
by RGA, of boron from a glass . slide havi a_base .
|y ) groduing HhsgTULEA HORLAR SRR SBIRRBE E SFESHT chamber;

deposited thereon. There was no silicon capping |ayer
therefore the boron could have potentially formed an

oxi 9 feayigating in@6ductio € fiengichahh gasXaf® thet edvupmodember upon
renoved nost of the boron in about 4 cycles with a
CONGRAThh&Rbf h priaa®anddprewie acthe dackemhainhelt amk i ng

that boron renoval wasdecreasing or naa ceased
altogether. Inportantly, Fig. 4 illustrates that the

b | ay. di | d. usi .
o b S o BB L e S
}‘ |o|r rr'elgé‘tder %)Itﬁ gt;l%gﬁ éﬁl{rtl ! \}Igi%osé?l%%%gp%%]%égllﬁ;fn%g&? og fthe vacuum

tungsten froma gl ass sljide haying.a base.l ayer, of 500
i GhATBpet F3FORF PHTARRSTL SO IGMeR RGLT S CAapBRIop dhpreot
t hereon. There was no silicon capping |ayer therefore
the tungsten coul d have potentially

wherein the etchant gas is chosen to react selectively with the residue in the

vacuum chamber, the residue on the components contained therein, or combination
thereof, while being essentially non-reactive with the interior of the vacuum

chamber, the components contained therein, or combination thereof.

2. The method of claim 1, wherein the semiconductor manufacturing tool is an ion
implanter.
3. The method of claim 2, wherein the at least one component is an ion source region

component of the ion implanter.
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formed an oxide layer prior to etching. No tungsten

conpounds were observed by RGA however, the presence
woRo@E2378vas signi ficant, indicating that no tBOGAIS2M5/038102
renmoval was occurring. Inportantly, Figs. 4 and 5
illustrate that fhe s stemﬁ\nd t hod tau

h ! ht [ei .
el TR Moty PoHBUS: i iat PO Ganagisnt & § Beamiine
boron, while being essentially nonreactive with the
nat%@ﬂ%nt@fth@cb%‘f"fp@(’i‘f‘?r'on of the ion inplanter, e.g.,
tungsten and al um num [0076] Wile the invention has
been descri bed herein with reference to various

. spethd inethonediaie Y sheiein thilat Idag appompbaneds & habomdlecular
invention is not thus Iimted, and extends to and
eNCHNPRSifRkdR borRianiodtida withtle Fictahi chaabanahd used for pumping
enbodi nents, as wll be appreciated by those

or difRakidun Shinbbed in the art. Accordingly, the
invention is intended to be broadly construed and

interpreted, in accordance with the ensuing clains. THE

CLAL M5 What, i.s, clained.is; 1. nmet hod .of cl eani

6. vac Eh‘i"r@?ﬁ'ﬁﬂ‘@g Flag ?’aw S %n%‘d’é@‘o%as FRRETSRE £ & ?e%ééc ol the
at | east one coppanept rc i_nat.i t hereof, said
met BEYP COMBLINE Pﬂg?FZ( g?&i g’i’ﬁ“o%ﬁ %‘Fa?fggi ?:‘ﬁat‘r%t gas from
an etchant container into the vacuum chanber; (b)
term nating introduction of the etchant gas into the

7. Vac gushiethadde tlainp O wiatdinihe sehint ghs @npriselefdinm ned

pressure in the vacuum chanber; and (c) reacting the
etchant gas with a residue in the vacuum chanber for a

fficient ti .1 > ' . . .
5. oL b, 7 s Pl ot UER Sl om

| t t t th in. : :
ot PP RE BT AP gue Lo BinBL noBRRL AR, Een,

selectively with the residue in the vacuum chanber,
t he HWEPYHLIGASEHE conponent s cont ai ned therein, or
conbi nati on

9. The method of claim 1, wherein the predetermined pressure is subatmospheric.

10.  The method of claim 7, wherein the predetermined pressure is from about 0.3 Torr

to about 4.0 Torr.

11.  The method of claim 3, wherein an ion source in the ion source region comprises a
source selected from the group consisting of an indirectly heated cathode source, a

Freeman source and a Bernas source.

12. The method of claim 1, wherein said time is from about 0.5 minute to about 5

minutes.
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t hereof, while being essentially non-reactive with the

interior of the vacuum chanber, the conponents
woamicaurszsl t herei n, or conbi nati on thereof. 2. PTNAS2005/038102

nmet hod of claim 1, wherein the senm conductor
.._manuf

acturing.tool is an ion, inp)anter.. 3. The nethod
13.0f Tdeanethod oAl Ly friher SRRt Jd}) FEAUEiRSoRE AT Qﬁ’mber
i on source region conponent of the ion inplanter.4 The
netfhbevisg cempleiomof saidd?astiBe-t he at | east one component
Is a beam ine conponent of the ion inplanter. 5. The
nmet hod of claim 2, wherein the at | east one conponent

14.1 S Phel HERAIEH @61l 18] fuRhiérRombiisiAg @fedting () niongho(@d) atdenst once.
wi th the vacuum chanber, and used for punping the
vacuum chanber. 6. The nmethod of claim1l, wherein the

etchant ga rises a gas. sel fr ial
15.gonbiespsiign of ool ates: oSt Filforch Al JF Qb K Rutcral

F2. 7. The nmethod of claim: rein the et t

conPidi Whaeigdlpe ctcgant-gontajist f‘?él&ea}clm\egebé'l %DERIT O gllr;lggl%nth? %I;te of

resi due conprises_an el enent .selected.fromthe group

c onBlpysicplren¥stsipR PliHe etﬁh‘?&%’ﬁ‘ﬁ@?%é?togléﬁr%ﬂ’ﬁfﬂtﬁﬁ&

nol ybdenum tungsten, alum num and arsenic. 9. The

met hod of claim 11, wherein the predeterm ned pressure

161 S ShOAEIH0E Ph ekt 15, 10hercih éhertetfenid sefected diiom the gydug rcensisting
the predeterm ned pressure is fromabout 0.3 Torr to

abopt aft-Red 0f tonfdrinal Togingetladdt, aflectdcal edingwhgs, dieatedufluids
ion source in the ion source region conprises a source

sel eel/GhabdsOMdimeeSwReP consisting of an indirectly
heat ed cat hode source, a Freeman source and a Bernas
sour ce.

17. The method of claim 1, wherein an inert gas is introduced into the etchant

container to transport the etchant gas to the vacuum chamber.

18.  The method of claim 17, wherein the inert gas comprises a gas selected from the

group consisting of argon, nitrogen, xenon and helium.

19.  The method of claim 1, wherein the etchant container is positioned in the vacuum

chamber or positioned upstream of the vacuum chamber.

20.  The method of claim 19, wherein the etchant container contains a pre-measured
amount of an etchant material for generation of the etchant gas in the vacuum

chamber.

21.  The method of claim 20, wherein the etchant material is a solid or a liquid.
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12. The nethod of claim1l, wherein said tine is from

about 0.5 mnute to about 5 mnutes.13. The net hod" of
wobheierm1373f urt her conpri sing (d) evacuati ng thecvaseesn3sio2

chanber follow ng conpletion of said reacting. 14. The

met hod of claim 13, further conprisi r i (a)
22. (g aeiesot e ey B e AR L b ARGRA XPEL L)
wherein the etchant contai ner contains an etchant
material, and wherein the etchant container is heated |
23.by Eheheehet of daiinnk; vémedn thhecactieneofghe plahasit ged with the residue is
conversion of the etchant material into the etchant
gaseffetfmated héthomtchadetif actilaiom 15, wherein the heater is
selected fromthe group consisting of an oven, a
conformal heating bl anket, electrical heating tape,
heaped fh i 0 anfatifediGhe Wefits i the rddidue is
24'mﬁ%dmgélg%ggflr§nmf,@’ %%‘?@?ﬁcogn ﬁ%ert gaeé ies i?}tlr oglfced
into the etchant c i : PRsL dber&lF ReMdlsting of
gas&ll%mﬂrf? a@lﬁu?ﬁa@ﬁg%b{eg?{m@g&%%%&net ot‘cri’ g%r cplC aimir
wherein the inert gas gonpri ec ok I st
t heHPEPTEBIE! am%lg lgﬁarg&r)gsc?%?t%ns ??p%gg?ﬁbk eﬁ%ﬁlegng storm
heljum 19. The ne f claiml [ e
conliraroPRar P SPacToor R Spdinsiiiepl b P Rua
posi ti oned upstream of the vacuum chapber, 20. The
met ERSGalysiE (lg(i}‘?f)’ 9SS SRREFESYt aﬁ’g c8’l”§ﬁl3 ?nsé%eﬁfogi ner
contains a pre-neasured anount of an etchant nmateri al
for generation of the etchant gas in the vacuum _
25c hairhe methdd .of Thim mewhedinahe etblmntrgdd(s dewred ef an ptidizing species
etchant material is a solid or a liquid.22. The nethod
of ghdidNndBogeteni@inigt REecib.C viteimether nittbgenscontaining  species
pell etized XeF2. 23. The nethod of claim1, wherein
t he .5 8aGdel ANle@t ohd@ddaidhibsMmaaselsdtddnfrdrh eher grauemsisting of O,
ef fectuated w thout energetic activation.

F, and Br.

26. A method of cleaning a vacuum chamber of a semiconductor manufacturing tool,

at least one internal component, or combination thereof, said method comprising:

(a) introducing an etchant material from an etchant container into the vacuum

chamber;

(b) terminating introduction of the etchant gas into the vacuum chamber upon

attainment of a predetermined pressure;

(c) dissociating the etchant material into a reactive halide species in the vacuum

chamber using a plasma source positioned in said vacuum chamber; and
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24. The nethod of claim8, wherein a concentration of

the elenments in the residue is determ ned by an
wanedeyu7oal techni que sel ected fromthe group PCT/US2005/038102

consi sting of tenperature- progranned i nfrared

spectroscop TPI R Fourler.
Sp A6} repcting ﬁ%/ﬁ %?ﬁﬁ"?a}\ﬁhda SREGIFS St reglrc%gg i til@ (Iéc%{lﬁdchamber fora
spectroscopy r esj. dual
P GUIHRBARS 1 ghitest s el a2 aey ﬁ*’%{’@‘ STRAEES
of claiml1, wherejin the etchan@ﬁg: % %§v0|d of an
oxi the #tilenst ensdnteral comporent; ¢ coRn B RAF R ng speci es,
wherein the nitrogen-containing species conprises at
| east one additional elenent selected fromthe group

27 CONBieS triethdd Off Eint 26aMdeRin tiR2Getchantrendtethl comprisssni mapterial
vacuum chanber of a sem conductor manufacturing too
at  {RA%H FRIE tHe PO @SSRS eT,, Xekts, BelfhNFat IFgril, SFs, CFs
t hereof, said nethod conprising: (a) introducing an
etcgﬁqg_naterlal froman etchant container into the

vacuum chanber; (b) term nating introduction of the
etchant gas into the vacuum chanber upon attai nnent of

28%?%%“%%%%”@*35%“%63%?%2 AR @%@%ﬁce R o T i er
I
Vac BPERBIEe VISP RHOroh D e Pty HeRl ool

species with a residue in the vacuum chanber for a
sufficient tine to at |east partially renove the

291 esiaduppiranmférndeanteuamcnhantbenbertdfe witaductoromanufacturing
|nternaF conmponent, or conbination thereof. 27. The
et bRf &f leadt aind RAGmalhwhpoment,her edntiisationnthereod, sskid apparatus
conprises a material selected fromthe group

CONG bt of XeF2, XeF , XeF4, NF3, |F5, IF/7, SF
C2F6 and

(a) an etchant material source having an etchant material disposed therein, wherein
the etchant material source is communicatively connected to, and is situated

upstream of, the vacuum chamber; and
(b) a valve between the etchant material source and the vacuum chamber;

wherein said apparatus is further characterized by comprising at least one of the

following components (I) and (II):

(I) a heater for heating the etchant material source; and
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28. The nethod of claim 26, further conprising
introducing an inert gas froman inert gas source into
woOheoexaraasim chanber prior to di ssociating the eCthanmos/038102
material. 29. An apparatus for cleaning a vacuum
chanber of a sem conductor manuf.actuying.tool,. .
" e24b a8 e 6 SPHES ISSREUNBRT BVt iSRS LPHEET SRCEHaPS Bert 25
sai d apparatus conprising: (a) an etchant materi
soufosEeHa GPAGUBFAtE el aRnccis tay fng is &}t%%g‘élb*tf?ﬂ’é roéiafh? etchant
wherein the etchant material source is comunicatively
conmeletidddoree. and i s situated upstream of, the vacuum
chanber; and (b) a val ve between the etchant nateri al
source and the vacuum chanber; wherein said apparatus
301 S TH hiRfanBNaT AMine1d, 2 rddY tHROAFHahShBErialt congeists D oempfund
the follow ng conponents (1) and (11): (1) a heater
f or sdf@addififh thB 8rdth ChNtingBE BEF AKeBOMEESIF s Alel (SFk,)Cofipand Fa.
inert gas source having an inert gas di sposed therein,
wherein the inert gas source is communi catively
conpnected to, .and i.s sjtuated st ream of he et cha
31rar 41 Bppessnof G 85, P et ARG Or o aopt gpn IO S of
wherein the etchant material conprises a conpound.
sel artiey mpBAet hEid I¥L SOUEH §F]§‘Et75$ §FoBy Y- STOURFRESISing- ot an
IFS5, |F7, SF6, C2F and F2. 31. The apparatus of claim
29, ingirestlyi hsated eathede|sayrse, adifeemag SRYRRHI 3 Bernas spyie:
source of an ion inplanter, said ion source selected
fromthe group consisting of an indirectly heated
32¢at hge8psAisGE cladn B9,008In BRUkaer 8bdedcdRimas group @esisting
32. The apparatus of claim?29, wherein the heater is

sel ggtgthvbh OMchArne) CHéptinO PBhIGH, #le:tdal ABatligetpe, cheated fluids
conformal heating bl anket, electrical heating tape,

heat,edof d4dsdsnAdePhir8ases, -and heater wires.

33.  The apparatus of claim 29, wherein the inert gas comprises nitrogen, argon, xenon,

or helium.

34.  The apparatus of claim 29, wherein the at least one component is a beamline

component of an ion implanter.

35.  The apparatus of claim 29, wherein the at least one component is a turbomolecular
pump situated in communication with the vacuum chamber, and used for pumping

the vacuum chamber.

36.  The apparatus of claim 29, wherein the etchant material is devoid of an oxidizing

species and a nitrogen-containing species, wherein the nitrogen-containing species
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33. The apparatus of claim?29, wherein the inert gas

conprises nitrogen, argon, xenon, or helium 34. The
wappwratars of claim 29, wherein the at | east ORET/US2005/038102

conmponent is a beanline conponent of an ion inplanter.

35. The apparatus of  claim 29 erein th ]
on e BB e 4P sEER et Spaie: B B safiihe of 0
conmuni cation with the vacuum chanber, and used for
pun%iaﬁﬁBF-he vacuum chanber. 36. The apparatus of claim
29, wherein the etchant material is devoid of an
oxi di zi ng species and a nitrogen-containing species,
37.wheA emdthbl eofnit rstigerieaningt afi fHastg o @oinpsreotdf | & semigpnductor
| east one additional elenment selected fromthe group
C ONGb&ifhdd@ingftod) safd methed BmprBiag: A net hod of ex situ
cl eaning at | east one conponent of a sem conductor
manuf acturing tool, said nethod conprising: (a)
posjtioning the ¢ LN 8 XS cuum
chat‘?&g?sﬁltl?’%}g ‘.H%%"r o@égﬁﬁga%énﬁé@g’ Aant éghgglb I?lom an
et chant container into the ex situ vacuum chanber; (c)
term nating introduction of the etchant gas jnto the
vac (h) rintediaping en gisbantas Sopnametchant gonpingdpterths gegffu vacuum
pressure in the vacuum chanber; and (d) reacting the
et cbisamibegas with a residue in the vacuum chanber for a
sufficient tine to at |east partially renove the
residue fromthe at | east one conponent contained

the gcj i t&miﬁ%ﬁ%ﬁ%ﬁo@ﬁﬁo@ bE BRNL LB tg&ls,s i) AL achn ' Gadfiber upon

sel trve e residue on the at | east one

€O ngﬁeﬁ{%%nt oM h#eﬁ?tglgﬁiﬁ]&i FESEAA Bk W IRNHERBES Aage W th

t he eril or

(d) reacting the etchant gas with a residue in the vacuum chamber for a sufficient
time to at least partially remove the residue from the at least one component

contained therein;

wherein the etchant gas is chosen to react selectively with the residue on the at
least one component, while being essentially non-reactive with the interior of the

vacuum chamber and the component material itself.

38.  The method of claim 37, wherein the semiconductor manufacturing tool is an ion

implanter.

39.  The method of claim 37, wherein the at least one component comes from an ion

source region.
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vacuum chanber and the conponent material itself. 38.
The nmethod of claim 37, wherein the sem conduct or

waoamsfiatisiri ng tool is an ion inplanter. 39. TheTmstdeMd3s102
of claim 37, wherein the at |east one conponent cones

fraoaman ion source region.40. The nethod of cl aj

0.yl FelAg oL e 8oLt STRETE S IEt oit Aaereiesh b Phe fbin te
beam ne of the ion inplanter. 4 1. The method of claim
37, begmbipephihe @ IPRAKHt gas conprises a gas sel ected

fromthe group consisting O XeF2, XeF6, XeF4, NF3, |F5,
| F7, SF6, C2F6 and F2. 42. The nethod of claim 37,

41 WheTigl rethb@ofdlsimed Tt whasinalongichiagiesas Xemprised 8 gasTistected fiopthe
of claim 37, wherein the residue conprises an el enent

sel geheebrisisane dTeery I 0dRg, Xl NI IR JFRSFRAlBHand Fa.
phosphorus, gernmani um nolybdenum tungsten, alum num
and arsenic. 44. The nmethod of claim 37, wherein the

predet er m ne r ure is s I . The
et ﬂlb‘?jm‘atg}’@ Pgﬁlﬁ‘fﬂ?}? WARET 3’5‘%&%@{%’? ggkg{)ﬂés%?nxﬁgzd pressur e
is fromabout 0.3 Torr to about 4.0 Torr. 46. The
met hod of claim 37, wherein the at |east one conponent
43conPhé methodof claim §duwhseeis dlearetides Fomprisesan gjerpenp selected from
consisting of an indirectly heated cathode source, a
Fr ethebgroso usisistiag of ofey plassplewus; @ermanium, Thelybganhpe tungsten,
claim 37, wherein said tine is fromabout 0.5 mnute
t o algiuny andl Bgés. 48. The nethod of claim 37,

further conprising (e) evacuating the vacuum chanber
follow ng conpletion of said reacting.

44.  The method of claim 37, wherein the predetermined pressure is subatmospheric.

45. The method of claim 44, wherein the predetermined pressure is from about 0.3

Torr to about 4.0 Torr.

46. The method of claim 37, wherein the at least one component comprises an ion
source selected from the group consisting of an indirectly heated cathode source, a

Freeman source and a Bernas source.

47.  The method of claim 37, wherein said time is from about 0.5 minute to about 5

minutes.

48.  The method of claim 37, further comprising (¢) evacuating the vacuum chamber

following completion of said reacting.

49.  The method of claim 48, further comprising repeating (b) through () at least once.
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49. The nethod of claim48, further conprising
repeating (b) through (e) at |east once.0. A nethod of
wohewrnurag3a vacuum chanmber of a seni conduct or PCT/US2005/038102
manuf acturing tool, at |east one conponent, or
conbi nation thereof of the vacuum chanber, said nethod
50 conparmetheof legniignt vazdum ichamizen of & séraicondygtor firapniagthring tool,
etchant container into the vacuum chamnber; (b)
withdrawi ng a plurality of. casaLr U
chatoirh R Pl htofbisdfa BRREKAC bR e i
flow of the etchant gas therethrough; and (c) flow ng
themgﬁ"eﬂﬁ?ﬂ]présé%g'thr ough the vacuum chanber for a
sufficient tine to react the etchant gas with the
residue to at |east partially renove the residue from
t he(ayac uintrodivingben ctohaiitogas tont @asetchonk cenpipeniye the vacuum
cont ai ned therein, wherein the etchant gas conprises a
gas sel edtaedbef;r om t he group consi sting of XeF2, XeF®6,
XeF4, |F5, IF7, SF6, C2F and F2, and wherein the
etchant gas is chosen to react selectively with the

res i_(lsue %vﬂh&tg%in;éﬂepwfegliﬁhm_@ lspecilifhdin BRI MBuRA 2BihbR kg a

non-reactive w I'nterior of the vacuum chanber

or the CQ%’R&eghﬁpcﬁ)nte@eéﬁﬁe thebRlifous low NG TRE RRHaRT gas
cl aim 50, wnereéirn the sem conductor manufacturing tool

is an iop inplant 52. The net hod of cl ai m 50,

wherein pﬁéerﬁgg%%hﬂrgﬁgdchanber conprises an ion source
region.53. The nethod ot clam U, wnerein the vacuum

chanber conprises a beam i ne vacuum chanber. ) .
© flowing the etchant gas through the vacuum chamber for a sufficient time

to react the etchant gas with the residue to at least partially remove the
residue from the vacuum chamber and/or at least one component contained

therein,

wherein the etchant gas comprises a gas selected from the group consisting of
XeF,, XeFs, XeFs, IFs, IF7, SFs, C2Fs and F,, and wherein the etchant gas is chosen
to react selectively with the residue in the vacuum chamber, while being essentially
non-reactive with the interior of the vacuum chamber or the components contained

therein.

51.  The method of claim 50, wherein the semiconductor manufacturing tool is an ion

implanter.

52.  The method of claim 50, wherein the vacuum chamber comprises an ion source

region.
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54. The nmethod of claim50, further conprising flow ng
a dopant gas from a dopant source into the vacuum
woheosinar3780 ef fectuate ion inplantation therei RCTAS2005/038102
The met hod of claim54, further conprising repeating
throu h at_least.o hiRe
53. 50.p (RO of B0 NSt B cregilin SHARRACI ARG o Bedthf
into a r?@ﬁélve hal i de species in the vacuum chanber
usiVAgER8REF get i ¢ source. 57. The method of clai m 50,
wherein the reactive halide species reacts with the
residue to at least partially renove the reS|due frgm
54.t heThe anathod afhalaies0, fH@her ThrapmeinehBleiviag acdoppih g9 from a dopant
wherein the residue conprises an el enent selected from
t heogice ko thevaiusi chgmbér th effentyateion éppiantation thereitani um
nmol ybdenum tungsten, alum num and arsenic. 59. The
nmet hod of claim56, wherein the energetic source

5.CONRL Ir&e“%ﬁocﬁoﬂ%ha%ﬁ'ﬁ SFH&'C gﬁsln@Qpeaﬁhg (dy®irbRsh @f atdéadi dhce.

59 WHET eI Nt |'asna generator conprises an i|on
source sel ected fron1the group consisting of an

indirectly heated cat hode source, a Freemgn s
561 Hbromasthobgf Slme; ST ASUHRELSICCrRIRY B8, SHaE gt o
the energetic source is positioned within or
i Meditint Bhljdeuspediesdn theofcwi @amaefuﬁmgéﬂéﬁﬂg?u%?m?h e
nmet hod of claim50, wherein the reaction of the
etchant gas with the residue is effectuated w thout

s7energel b @6t éléﬁﬁ{ 5D QheRB: thd Rectivehhiadd spécied raacm Wil the residue
Wwherel n tﬂe et chant gas further conprises an inert

spe d S AP the ARGIust dnaghbed. ar gon,
gﬁﬁgﬁaﬁggﬁgg@g&gegghﬁﬁn] 64. The #éthod of claim

50 mhereln the etchant gas conprises XeF . 65. The

5 8gF teFngm;Ihoalo? :qgug 391 %{mb«%glg I§l?e r%51 l?engo%nptr{seast elmoe ementtsglgcted from

the group consisting of boron, phosphorus, germanium, molybdenum, tungsten,

aluminum, and arsenic.

59. The method of claim 56, wherein the energetic source comprises a plasma

generator.

60. The method of claim 59, wherein the plasma generator comprises an ion source
selected from the group consisting of an indirectly heated cathode source, a

Freeman source and a Bernas source.

61. The method of claim 56, wherein the energetic source is positioned within or

immediately upstream of said vacuum chamber.
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determ ned by an anal ytical technique selected from
the group consisting of tenperature-programred
wonboeammedsspect roscopy (TPIR), Fourier Transf oPau/us2005/038102
Infrared Spectroscopy (FTIR), electron paranmagnetic
pec | | ysi .
O ect e anana ol ik, el ¥ reln 3P ok etk oiHRdape i
of ¢ fi%bﬁhr’é@wi%&reﬁélﬁ%ﬁ&%ﬁx‘?{tﬁ&am gas is devoid of an
oxi di zi ng specles afid a nitrogen-contai ni ng speci es,
wherei n the nitrogen-containing species conprises at
| east one additional elenent selected fromthe group
6% onsThstmethodbet im0, wheteipithe eichant/gagfartheticampristearingryspecies
accumnul ated process effluent fromthe interior of a
cr yosleaisd from the goup oehsistimgpef agangniproge, mepontaed belipopunp
wth at | east two purge gases, said purge gases
i ncluding nitrogen and at | east one reactive gas
646! erlegflethddP B 50! WhtReif AR%hRbMEs &im ¥ IREE,. 0Zone,
nitrogen oxi des, species that generate oxygen radicals
in situ, and conbi nations thereof, wherein said nethod

i S aracterized by at | east one of the follow.n o
6% ur gﬂ‘erﬂl‘?ﬁ}@;&g é@ﬂi}é’l Evi\gre{q 3 goneefqtl)ai’:lorbﬂ%the p]emepts i %e(rgsydue is
purging wth essentjally pure nitrogen for time x;

and (95erpiiedi fyg 2 analytiead “teghnjoue selegiaé framm the \seoupaconsisting of
time y, wherein the at | east one reactive gas is
essdrpypiue-pragiemme| ynfraggd pipe¢iroseppi ((APBOs efurigt | Yransform
pure nitrogen at tinme zero; (b) blending the

ess dnfrargd Speqtigpepm (F¥IBY stectnpr prrarhaengtic $peetetscapydEPM), residual
reactive gas, wherein the nitrogen and the at | east

one gasaeAlysicc(REHY), mass spestiomaynané sgrebinatiink theprof.e; (111)

(a) purging with a mxture of nitrogen and at | east

one reactive gas, wherein the accunul ated process

6?;2' TiRMheth&l SHEISMAY, Wbk hEOPMRHs O BRVOREof AN &idifhe Yecies
and a nitrogen-containing species, wherein the nitrogen-containing species
comprises at least one additional element selected from the group consisting of O,

F, and Br.

67. A method of cleaning accumulated process effluent from the interior of a
cryopump, said method comprising purging the cryopump with at least two purge
gases, said purge gases including nitrogen and at least one reactive gas selected
from the group consisting of oxygen, ozone, nitrogen oxides, species that generate
oxygen radicals in situ, and combinations thereof, wherein said method is

characterized by at least one of the following purge process sequences (1), (II), and (III):

@ (a) purging with essentially pure nitrogen for time x; and
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cryopunp. 68. The nethod of claim67, wherein the

reacti ve gas conprises oxygen. 69. The nethod of claim
WO Z2poown®7ei n t he cryopunp is purged during cry®spums2005/038102

war mup. 70. The method of claim67, wherein the

Cr yopunyb) purBirf SeH thd at Al 26 redc BVEIEK Fbritin v, herelde at least
met hod of claim 67, wherein the accunul at ed process

ef f | uentone eERAVSES iTRRenAlyYurd;© speci es that were
produced during cryopunp warmup. 72. The met hod of

clai m 67, conprising Sequence (1), further conprising

repeat i a). and. (b) at |east, once, 73. The met hod of
cl a 6?,% F&B%FB? M %fjge'g@:l,{lﬁé’}ﬁrfém(qgle? A YRRFEPN t he
bl endi ng conprises a process selected fromthe group’
consi sting of continuous, equival ent steps, and
non- equi(vpblemting the pssentitdly pliteenitnegeh odthahe af laashofErreactive gas,
conpri sing Sequence (I1), wherein the amount of
ni t r ogenwheseih ehs nithugan tahé therat riéasofon@tredcdas tgaonee no longer
reacti ve gas.

essentially pure;

(II)  (a) purging with a mixture of nitrogen and at least one reactive gas,

wherein the accumulated process effluent is substantially removed from the interior of the

cryopump.
68.  The method of claim 67, wherein the reactive gas comprises oxygen.

69.  The method of claim 67, wherein the cryopump is purged during cryopump warm-

up.
70.  The method of claim 67, wherein the cryopump is purged at ambient temperature.

71.  The method of claim 67, wherein the accumulated process effluent comprises non-

volatile species that were produced during cryopump warm-up.

72.  The method of claim 67, comprising Sequence (I), further comprising repeating (a)

and (b) at least once.
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73.  The method of claim 67, comprising Sequence (II), wherein the blending
comprises a process selected from the group consisting of continuous, equivalent

steps, and non-equivalent steps.

74.  The method of claim 67, comprising Sequence (II), wherein the amount of nitrogen

is less than the amount of at least one reactive gas.
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