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[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 ﬁﬁérowave '&ﬁe using a magnetron, indifécﬂy heated cathode
sources, and RF plasma sources, all of which typically operate in a vacuum. The ion
source geperates 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
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 feRsy h 3biRiin ShounPSS FBdistodIE @R opositdR 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
evemtually 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
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from carbon/graphitic material. Moreover, the introduction of an oxidizing species to the

vacuum chamber may promote the formation of a surface oxide layer, or “rust,” on most
metallic components, said oxide layer potentially resulfing in particle formation,

entrapment of gas molecules, shorts and premature filament failure.

[0008] Cryogemc vacuum pumps (cryopumps) are \mdely used in hlgh 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



chanber by cryocondensi ng and/ or cryosorbing the gases

on cold surfaces inside the cryopunp. In
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~ [0010]  There are two types of eryopump mamtenance 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, reassernbled, and functionally tested and is recommended by the

OEM on an annual ba51s The dlsplacer sule mmntenance mvolvcs d1sassembly, 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.



O

CEM on an annual basis. The displ acer side maintenance
i nvol ves di sassenbly, cleaning, reassenbly, and
functional testing of the displacer (gas flow cooling,
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fnlithplantation to provide an offline 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

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

thereby reducmg or eliminating the ﬁ'equency of eryopump mamtenance

SUMMARY OF THE INVENTION



" cleaning process for the renoval of accunul ated
process effluents fromthe cryopunp thereby reducing
or elimnating the frequency of cryopunp mai ntenance.
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vacuum C di nment of a predeterm ne

g{igﬁgﬁ%ga%@rﬁﬁ?hvacuum chanber, and (c) reacting the

a residue in the vacuum chanmber for a
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resid romthe 1 nterior vacuum chanber, at
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t her ejchrea@ing SHTREDAL daQ WithhGE&&e in MY JaBuum chamber for a sufficient
| time to at least partially remove the residue from the imterior 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 vacuum chamber, the components

contained therein, or combination thereof. Preferably, the efchant gas comprises a gas

selected from the group consisting of XeFa, XeFs, XeFs, IFs, IFy, SFs, CoFs and Fa.
[0017] In another aspect, the present invention relates to a method of cleaning a vacuum
chamber of a semicondlictor manufacturing tool, at least one internal component, or

combination thereof, said method comprising:



bei ng essentially non-reactive with the interior of

t he vacuum chanber, the conponents contained therein,
or conbination thereof. Preferably, the etchant gas
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(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 vacuam 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 (Y) and (ID:

(1) a beater for heatmg the eichant material source; and

(ﬂ) an inert gas source havmg an mert gas dlsposed therem, wherem the inert gas
source is communicatively connected to, and is situated upstream of, the etchant

material source.
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upstream of, the vacuum chanber; and (b) a val ve
bet ween the etchant material source and the vacuum
chanber; wherein said apparatus is further

okenewsleersized by conprising at |east one of therws2eosnssio:
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residue from the vacuum chamber, at least one component contained

therein, orA combination thereof,
wherein the etchant gas comprises a gas selected from the group consisting of
XeFa, XeFe, XeFy, IFs, IF;, SFe, CoFs and Fa. 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 ancther aspect, the invention relates to a method of cleaning accumulated

process effluent from the interior of a cryopump, said method comprising purging the

cryopump with at Ieast 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 [east one of the following purge process sequences (I), (II), and (1)



XeF2, XeF6, XeF4, IFS, IN SF6, C2F6 and P2.

Preferably, the etchant gas is chosen to react
selectively with the residue in the vacuum chanber,
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aspect of the present invention relates to a method of
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sem C uct or” manufacturing tool, said nethod
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(c) terminating introduction of the etchant gas into the vacuum chamber upon
attainment of 2 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 componeni
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

vaguum chamber.



(b) introducing an etchant gas from an etchant
container into the ex situ vacuum chanber; (c)
term nating introduction of the etchant gas into the
wee BassneBmber upon attai nment of a predet er wchrag2065/038102
pressure in the vacuum chanber; and (d) reacting the
jwlant as wth a residue jn the vgcuum charrb\/%lrt“r"ag.l

| & augiter r?ép% Oht thp lg¥ntign  jefales| P BARGY ods of
resi due.fromthe at,least one conpon cont.ai ned, .
R, AUPERRRHE Goetn A0y 8 FOCCHbER P dfodnventive

sele tlvel %h th reS| due on the at | east one
gﬁ%ﬁ? ecrﬂ;g ﬂlﬁ'ssentlally non-reactive vvlth

or of t 9, WD .2006/,047373
FL@??L %%Bf ARSEISTR, 11 dpe e wg ¥ fbte oty
nven on rel at.e
ket enegs'ﬁ?%%ci‘rsgr&a}l%??psn@v?“é% such as
sem conductors using the inventive nethods and
systens described herein. [0023] Qher aspects,

f@ﬁ? ﬂﬁffséﬁ%ﬁ@ﬁ?: @E@ SININ&% invention will be nore

rstrrrg di scl osure and

RRAL © Biete”L e el o Briichy Pl coi, B, By

i og%sn%;gﬁ@ﬁéﬁ %&-m &Jﬁ Shdga hree optona

erl al . [0025] Figure 2

sc { ihC: 0 o” ﬁgf
c[o gu? b Isdtésgccir?&%a% (ﬁg in gEgééja\ﬁge 8" Iérgélggconﬁgu fation
ﬁgﬁgi{@tﬂe&r@ agram of a 300 anu residual gas anal yzer,
use noni tor by-products of the residue renoval

r[tﬁﬂﬁ]t ' o?%u.re 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 X'eFZ 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 preseni invention relates to a method and apparatus for cleaning the

vacuum chamber and/or beamline of an ion lmplantatmn system used in the fabrication of

a mmroelecn'omc devme Speclﬁca]ly, the prcsent invention relates to the in situ removal
of residue from a vacuum chamber of the jon implanter and components contained therein
by contacting the vacuum chamber andfor components with a gas-phase reactive halide

composition, e.g., XeFa, NF3, F;, XeFs, XeFs, SFs, CoFg, 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 of XeF2 in renbving boron
residue froman al um num base |ayer. ,[0028] Figure 5
we0 Bs/dyst race as a function of tinme illustragrmeo0s/038102
that XeF2 does not react with a tungsten |ayer.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON AND PREFERRED

fRgiRe Sondifquedy-ay leasb prtiafip dempove dhs restdpg, fiprp thsncomponents,

relates to a nmethod and apparatus for cle t he
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S S S ) 9 e
5 IUS 38 % % r sufflplent conditions to at
(S W%‘Hﬁ ﬁ]é ?e3|duefromthe
t nd.t “d
@Eﬂgﬂgni‘i“%ﬂ%? o8B B PR P, gm0 ot
t V\,h h th
FRaR i 45k R0 by ?W%%%%%%ﬁ% yisfiln chamber, the
anb I
AT St 11400, bl G M e e
%%sd”Bﬁ%b gollc ATl Mlaithe 1ol Btk Bhee0l
R L R %M%%%?f“%%@ﬁ&%°fﬁf§?%%c%§°q%%%%&%ﬁsgm
mw A ST, S, S, RO e
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atic steerers and

khgpﬁgﬁrmt P:l)l'ug ge\ﬁéé‘ » RORP LS b Ple IRMIRS inBR§ wa 8nd includes

vacuum exnaust
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, eto.), carrier gas residue (e.g., fluorine,
chlorine, oxygen, nifrogen, argon, efc.), as well as chamber material that is

sputtered/deposﬁed (e.g, tungsten molybdenum and/or alummum—contaxmng species).

For example, the residue may mclude metals such as B As, P Ge W Mo andfor 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

i1



[0032] As used herein, "mcroel ectronic device"
corresponds to sem conductor substrates, flat panel
di spl ays, and m croel ectromechani cal systens (MEMS),
e efoaed7ersed for use in  mcroel ectroni c i Nt e@fAkaMs038102
circuit, or conputer chip appllcatlons is to be
under st ood that the term” m.croel ectr n| Ct devi ﬁe%ts B?the
AAEOTHBEE. oo G TORIGH fF APV il HORIPPpt rRpOTeats, B
substrate that will eventually becone a

‘ectronic device or mcroelectronic assenbly.
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roomtenperature, but may be heat ed using a heater to
hepigease the rate of sublimation. XeF2 is known to be

BT 0 A e R0 B0, e
d
e Tl il AT BB B v
e r?%%%t et o 2 er (o) s
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Thc use o’% )?%naas ttc n%r arsenic, phosphorus and germeanium has not been

reported to the best of our knowledge; however, XeF,; may prove to be an effective stchant

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

5 XeF2 (g) +2 As (s) = 5 Xe (2) +2 AsFs (g) 3)
5 XeFs (g) + 2 P (s) —> 5 Xe (g) +2 PFs (g) @
2 XeF; (g) +Ge () »2Xe (p) + GeFa(g) 3

Similar to the silicon/XeF- reaction, the reactions disclosed herein may occur with or
without energetic activation.
[0036]  Imporiantly, 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
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heating. [0035] In this application, the use of XeF2
as an etchant for netallic boron is disclosed.
Al t hough not wi shing to be bound by theory, it is

Wwuehbssnat the boron is etched accordi ng tectf€oes/ossioz
fol | ow ng reaction. 3 XeF2 (g) + 2 B (s) -> 3 Xe (g) +

2 BFs (g) (2). The use of XeF2 as an etchant ,fo
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5‘?36??% PR gé}’?%’ha%“%%“@%%@%‘%h’( Rl WSl Sty
@@%@8@@%@%%@f@é’fn%g’?’*%'iﬁﬁt*eg's't Y about 95 wt. %
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ea nost prefer
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reactive halide compositions may be used including, but not limited to, XeFs, XeFy, SFs,
C.Fe, YFs or IF;,. It is further noted that the XeF; or aliernative 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 comprises at. least one additional element selected from the

group cons:stmg of O, F, and Br, unless indicated otherwise. Altcmatwely, the gas-phase

reactive halide composition may mclude 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 arrangemenis which permit dopant gases to be
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Spectroscopy (FTIR), electron paramagnetic

spectroscopy (EPM, residual gas analysis (RGA), nass
spectronetry, and conbi nations thereof. [0037) Several

MY Blos/ys t 0 del i ver the gas-phase reactive pakigdfosnssioz
conposition, e.g., a conposition including XeF2, to

t he vacuum chanber and the b%almasi&g

fOr. | i .
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5 WA Gl @S OMRBS! o 80 irSinfitk b 08 crofned
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ree of an oxidizing species and a

%e{efnogl%nétﬁﬁﬂtt S0 AP Y SBmbYRN & Bledfd8 have a valve disposed

Fogen-contal nl ng speci es conpri ses at. | east one

ATl sl e LB i sunipeso
il &EF n?z{pioy & %cg}x/a%& t? ﬁ BB W fnbet 90 Bk icAnd¥ritllQ pre-determined

conmposi t1on I nc e reduci ng speci es such as

p?étégfliés) gsﬁ%kttag%@/ thecet'{’%zgﬁ’crhonﬂﬁlepiﬁay ®e ¥Ry héhcld@i fatredde the

t hat e apparatuses described herein may

| | i e dopant gas supply
LGSl YRS it s

permt dopant gases to be 13 WO

[glggf/ 044 3 /dorE STéféﬂﬁ%Oé?.ﬁfoﬁi?&%Q Zhe éigegﬁ 3 pP&katu® iddfics aReparate

ce una at grouna potential, scribed in U S.

Hold@e! ér;asm} oPah@Blent ARhe GREHIGRA NRtwdRA/ tHd 2tcfidfl dontainke and
na (0]

Robert Kaimet al. and entitled "Delivery of

V2N PEB Y, CTROREB! m&6e flowad BSh in¥o e d@ilidgdchafiber @, stored

which i's hereby incorporated by reference herein in

thd¥&in SR o/ 12E-HeterhiR3 Plosduird thidskolG1sagHoneal Siitienlding cleinblrsetves

container with the XeF2 conposition disposed therein

th SNER HHUARRL basofiow & HRchRtuh Qhitiker Ghaddamnd ahd tth ehorten. the

I mpl anter to be cl eaned,

“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 XeR, into the

vacuum chamber.

[0041]  Once the desired ..éfessuremih the vacuum chamber has been attained, the
yacuum 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 thg
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wherein the etchant contai ner and the chanber to be
cl eaned have a val ve di sposed therebetween. During
cl eani ng, the valve nay be nanually or renotely opened

W skperzishe XeF2 vapor is permitted to fill fthewusaoosn3sie
chanber to be cleaned until a pre-determ ned pressure

is attained. The etchant container may be noderat el
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H%} r1!1imters].e P\ern%érgl%inz ’&IQ %?%ﬁ%eﬂ@fl%e )Ee%'ze 1%%8%?%1‘158@@ 211321 h of

rern. - vacuu er can’t € evacuate
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Process repea € evacCua gas m xture
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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 cleaniﬁg 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

be empirically determ ned while varying the tine
awaltons/aerst acting conditions (such as tenper aCws2005/038102
pressure, concentration and partial pressure) of the
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used itor th y-products of the residue
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yzer, nost pre a 300 amu anal yzer. [0044]

dRlaCiE" ?ﬁé YealeN €10 FRndaRcninet SRBSIAT S Hoididgote XeF; may be
energetic activation, although activationis

&%ﬁ#ﬁmi%‘if&nﬁ&'&e%i 18 the HRYham 84116 Wy itheededicamvil@r €0 lihe90 (as
per at

or me room tenperature, although cleaning is

8Evel. ABNRE Bt SHo®niif Fib. N21He tdhiintaddatdineO8D may be
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SERaRHLAELP Bornb&e Ll e FBdAMCAEmMbr100 §L.aPbositioned diltside of the
stagnant rode, the tenperature is in a range from

FRA RmbeP 160304 BR5ucd BR4RE, bamatmn ik chatite 16 wbesis is

paraneters aré chosen to ensure that the reactive
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,
elecirical 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 beam ine conponents material of
construction. As used herein, "essentially

RO 26 B¢y e" corresponds to | ess than about porhesefosinssioz
the total reactive halide gas reacts with the

conponents of the vacuum chanmber and the, bean-di ne .

dr e g chanbssmay besFiuaisd petweengpe et GOBP@F%?“MW“%‘% (e,
VLS a0 et B0 b B ! 50 SRR SR
Ch, g G B T AT PR bl B B
e T
GOt R Of- B PHePERSDSE o GUMyT REThl RalDh ki of

feed line 90 (as shown) or alternatively, although
EhFH®n Fig. 1, the etchant container 80 may be
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\?@Zﬁﬁren ﬂn‘ g@%nﬁﬁe Rt ¥E Rnfilius i8N whe R BenBibhAR GohidRer 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.

OQutlet valve 92, pump 96 and outlet line 94 are positioned to withdraw gases from the

* yacnum 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 etchaut container 40 and the mixture
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if the etchant container 80 is positioned outside of

t he vacuum chanber 100) or are chanber. Foll ow ng at

| east partial renoval of the residue fromthe interior
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pur pose gas | nl et line 22. Qutlet valve 9
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romthe vacuum'chanber thereby effectuating the
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valve 46, valve 42 and valve 92 are open, and punmp 96

tds@Per Bt Jeb Gnothd} ¥pdbolifient &1 BYSoRRAASIsHeeSThY cthedt daband the
eFZ conposition in the etchant container 40 and the

BdpahtEa8 arekiftroduced simultaneously to the arc chamber permitting a continuous ion-

LD:.KD

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 forther embodiment of the continuous mode, cleaning may be

effectuated by altemanng the contiﬁuous ﬂow of the dopant gas (1e,BF30r 0ther dopant

gases during jon 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 fimes, as readily
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the are chanber 16. The gases egress out of the

chanber via outlet line 94. Inert gases contenpl ated
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ni trogen, xenon, and helium A furt her aI ternative
dELHEP S YR 1AL O BESAE! PHEE i ok /BN s
contarner 4 usi ng a escr | preV|oust

%tﬁor}lofog'? ' g?antta eddd 'felzﬁ:fv% A ?%m{-gﬂgﬁdusgy Bm@?@f QherktiBg dopant

eanln ectuate [ ow ng the

{ég&% Qacéﬁsg tg%gg%g@%&%my%@o@@atﬂm ewsinxeﬂam@m the

eare e 1on source 1s on (1.e.,

%{3(%&“% defeduld! ﬁﬁﬁe%&tkﬂ%@ﬁwmﬁber) or Off - An
ST ALl v e p asma- generating source for placenment in
@Eﬁ ar G, CRanhelt Mro@ichiSS hode,URS lefBa Qhtalldf vAC pre-measured
llrb is also contenplated herein. Preferably, the
Arftim Qi f}&% F%noé?ﬁ T d 1 Ointthe frR i pelidte) Ss THBABucRd @A thiGealed

process n addition, Fig. | illustrates the

f 85fpl A8lickdtRNn iRt @chdde charetiand the
%aﬁ%x{#ger pmo?ﬁ%%ﬁén%%%nt XeF2 frofn etghant

Gl Qo irchct £ HEBieRAhY B uRNREEHEH chRlifdne to at least
%ggdﬁﬁgﬁﬁmﬁ gf EOO via a dedicated inlet |ine. Wen

hAAEHT, rEAASveCAD LhidWe frddt theVidh \sBurbS regiod| compbrent dThAlMeunt of
2 are open, and punp 96 is operating, inert gas

ik ARG AR {04 Rl4Bied BY Sfeaﬁxﬁ‘fmé(ﬁ?&aﬂﬁ etRAGIci bythise skilled in the
etchant contai ner 60 and m xture i s introduced

?Ptﬂe%}ﬁ NARURIGD ARRHEInd, G0, Mckant el seredily aighicered by
I'n [ 0050] In yet another enbodi ment of the

OR kAP HSthE B¢ € FollofkEngldt Gdast PartBibremangl of e reddypdivin theterior
are introduced sinmultaneously to the are chanber
PREOTHabib A G0 Be GRAH MBI D2IiO6pentd iR AN gikdsire evachatddening pgmp
process. The anmount of cleaning gas and the process

SEAS biePRse 4. Misht iRodustidn@leating May botepatade nebessarye d
dopant species are not conprom sed, as readily

s M mesholiér @MBoditekht! €Tthe Nintdtomrihe rdddfifel halida gas may for

stil'l further enbodi nrent of the conti nuous node,
S)iaﬁi?lél daghpiiEy/a Rrogei figobritat (Bl)bypal tmgnmusadgntﬂtﬁesemxconductor
i nuous flow of the dopant gas (i.e., BF3 or other

HORARtas aghffife Siuidenfor plasimd erptling teat,iiomyx eirmhteheeaning of CVD

conti nuous flow of the cleaning gas to the vacuum
fehaip € A dattiohd) @pplicatics dndhele ctching of @olyiliedup silicgunnitride, tungsten

i nternmedi ate evacuation step. The dopant

silicide and tungsten films. Specifically, NF; dissociates info 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

bamn’ o g ons amrdmgto o followmgreaction B
| 3F, (%) +2B(5) > 2BFs (2) )
[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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gas and the cl eaning gas-may be alternating between

one and five tines, as readily 18 WO 2006/ 047373
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awo 2006biB7Rl t er nati ng dopant gas/ cl eani ng gas PCI/US2005/038102
nmet hodol ogy i s advantageous relative to the current
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a%ﬁ%%hg@@rﬁ r & %d’aiuo 5.1 etléago i z?,rgﬂ f&vﬁﬁhttﬂ?aﬁcnéhgﬁbé?rzw

eane 2 I's opened and
t \, [
Jifie g5 g %ﬁ?@&%ﬂ%@?‘% %d*éﬁﬁéﬁﬁlfn%g Braridf 6 B b ol cBive
PAGSBSRA AR, 118 416 ARSI ook ooy o e

Céﬁgpﬁlhﬁﬁerﬁ;r&sﬁrﬁ Q9& %gﬁe egv.ll&éﬁ b0 Qednbile3are Y@ﬁﬂ;f det¥idinédby those

uséd I n the sem co industry as a fluorine

%FMS& ¢ e, |Eﬁ§lﬁ§13%&§lr@and Rio8 ratel BreSdidolooRtbMPRE, whersin the

ning o reactors. Additional applications

| (et %:&Méy dﬁﬁ Ry BRL ¥R dsecmauenamy 0 QPfelt! diffdrEl8 plasma shapes
tungsten O silicide and tungsten fi'lnms. Specifically,

I\Aﬁé cgﬁséaﬁﬁﬂ)ﬁaﬁﬁren%&cs&éﬁsﬂ yonkal DifersRqrbmss inEy wesefm for

plasma, “suc | uorine radicals and/or fluorid

| afing AFerbrk BRGS bF el LIEHEDEE] Bfter &h‘ﬁ&@%&benmnbwng at least
reactl ng Wwth the residue to be renoved. For exanple,

| fartfal e mb G S rdsitfak BERShe RRFOILE tif oﬁ&ﬁbdi,@th@ Ed43b dre evacuated via
according to the foll ow ng reaction.

an outlet line and optionally abated.

[0856]  Additional cleaning gases contemplated for introduction using the direct
dissociative plasma introduction mode, in addition to NFs, include XeF,, XeFs, XeFs, IFs,

I¥7, SFs and CFs.

[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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3F2(g) +2B(s)--*2BF3(g) (5) [0054] Several novel ways

to deliver the NF3 conpound to the ion source region

for in situ cleaning therein are proposed, including
avalReoee+73T ssoci ati ve plasma configuration. 1®CHDS2005/038102
2006/ 047373 PCTI US2005/ 038102 [0055] In the direct

MRS el o ot Ol SR e B BRI 508 bty

Goab b %u'ﬁ_‘%cfeﬂtaﬁlgg ,“1“? E@&ﬂg&ﬂ%ﬁ@ﬁ coftRlonts 38 Bt iégaggﬁa@e re}xlxé%c the

seen I n ki gure source I s conmuni

Doct " ' . _ N
ORI 18 dadiblef b6t ROkt ihupofiogh e B bl B 1ofy ot an
i be Plelfpbra anglﬁlgtlg %ag ng A0 10 TBLEH ?!hﬁcicﬁg%\écrg ra%l lregegt B&hally

nmeans O Intro Into the arc cC

- GORGRTR RLig. 1h Hle AXARE, SMil@na%Mi FoRlr&8d %I%%n tﬁéﬂr@ﬁhgmber

l'ine. During cleaning, NF3 enters the are chanber 2

aebBed preAbidlS 1 BRferdidice SRRRE Aefigssi ng the

exi sting pl asmd equi pment (e.g., the filanent 212,

qedsapde 1Bl demhlichdies RRLbEAIRRHE ¥ah0)be ObdR8NMBirecily to él;awly ]

addi Fi onal electronics arranged wthin the arc chanb

WedufactliRidn infhlantdQH 10618 BLR tR MeRhMeShfiknteradliiad) 1 324 A& be

are chanmber to dilute the highly reactive fluori

| 04715 retRRBARIE 1S c{%bkﬁ}i‘% AstemE destiRWnedfe I nto the are
|

chanber, anount of difuent gas, chanber pressure and
t{0%9) I eyl p Hikthef SbSRHR | thletdtalt 48 hHy! bé HkRIed WA B iPYlanting
those skilled in the art. Miltiple pressures and flow
lspdcRS, 4. Coorbib RifROHIdeS SPhal dhing 8 hfipIantinE Snaytickdrafifiliancously,
pressures and flow rates are used sequentially to

efticiCls €bsf bAEARE iRl 1aERRPofShaeRaticANSE GRS eleeid ¥limination of
different concentration profiles. Different profiles

Hagitifel sgedsive deBvery SsRm8] TRastadofiRF &iodahe@ 61 18 invBiRtion kedates
chanber, i.e., outer corners, etc. Following at |east

R& inethbd bEFAPYAtin®dn frpRnt HHedickihikespialfal@ublp bRhing br Saning the
t he chanber, the gases are evacuated via an outl et

|lvhdi@maihembettantiaablaynliad irefstably SibHH bidldiof ingidking kiaies el an
gases contenpl ated for introduction using the direct
dickameasat i ve plasma introduction node,- in addition to
NF3, include XeF2, XeF6, XeF4, I|Fs,

[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

. . usmg {he Iﬁeﬂmds mtroducgd heremreduces Someghtchmgande e

arcing, thereby contributing fo 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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|7, SF6 and C2F6. [0057] In another enbodi nent of the
i nvention, the reactive halide gas is fluorine, for
exanpl e as delivered from Advanced Technol ogy

Voo edos@4373VAC cyl i nder (Danbury, Connecti cut pcdfibens/essioz
Fluorine is an extrenely corrosive gas and can be used

Wbbloot 2k Habbing, OF R ver i, famberard eafiihe, sl Gipertomed
AR08 SRR, SRR dre i ihet Qe ey ey by it o Jess often
SRR ar T Bl e T A
? B Snrraionds At 1T afobp Fl pPRute b Y fGloregr o
BN b B RS9t n s
[ TR R TN e Y
8ot ok AR of CHRTUALS pREL T (bn (PO BplE Brogesses) prior to

. :iﬁté&agm&éroﬁ él%e%%tia% ktgn étcglgntjl JESHJa B AlthOBirdcP Rll)l/rﬁ%@ﬁoﬂ onde).

_ |ye, ! ers area;_y I N use na bed
e P
GRS 1S LSALeshtll el SRR D Bl ot e

RSP HeneRp B RASOUS: Kpion [ (b B8 i B, B Bmoriment
bdd Y ' t ; h ite~
G A s e e S

I ORLiBRE BhRedtiPHAP [heS BREES oftfihd EnStE lliRARREHS | ¥posure to

etching or “cleaning the vacuum chanber and/ or

REAVERiAA! ofRiiRE SEARIYsubS hiYrsh BlaGek R fliqhid®! BRLINR Ycaning using
speci es and an etchant gas. [0060] The advantages o

tAD

" LRRp& SR Hhatdr Y 8bh 2 Anbd¥a iR belhise BbBsiRRlcat Hdlhdgs thel ®licate

sel ecti ve cl eani ng -of unwant ed residue in the vacuum
chaphrhts aRd QA WHifFer®d 1R pokd3dF the delicate components during cleaning

must be pumped out of the pores during pump down of the vacuum chamber.

[0064] In this emquiment, 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, off-
line vacuurn chamber with a simple pumping system and valves. Altematively, the
components may be positioned in some other high pressure vessel such as a supercritical

fluid vessel altered for said ex-sifu cleaning. Etchant gas, for example XeF,, is introduced



i mpl antation system the ability to clean the residue

W t hout using plasma-induced radicals thereby

m ni m zi ng danage to the conponents of the vacuum
obhantensmdiad beaml ine, and effective cleani ng petr/usos8inss102
tenperature. Residue renoval fromthe vacuum chanber

h d i .
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tlHJ%Erleﬁl q:% gdttl m%rt% itr bolvg l’&l?eg ? 1%{;1; gn'lg Gglﬁl onents.
L, éfeftﬁa%eﬁ'%ag%“ﬁn% eGP AT i

SPSRARAT 368 EELUROO™USAL . JRRY) ”%S%Léf”%é'r G

aﬁ‘}gféltabl%grtﬂé ik h W&u&ﬁrchmﬁégslg %lo_ m.ug 5epen‘g]%e%3rl1& 0_service

eanli S may e nore or
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o performany of ing operations descr
source is left on or turned off (as
|nd|cat§ofH ﬁhﬂﬂe foregoi ng processes) and the source
| B6HeRt | g{% Y:R4 Yi€rein! sac.?\liﬂﬁ&gd Ewrfogé’ss SERGREN orRE So?@% ﬂﬁkﬁpi‘b%mes

DTOCGSS or open or contli nuous DTOCGSS prior

|11t BROHOE FelnRR et dxhlé‘x% 1 ARt ot SrybRfmyt S8 GJQQJ‘tIsmg mtmggn as

contalner in th I'rect introducCtio

o6 gﬁ?”%@lexmﬂﬁ% abhuiaf! 0LeSd eﬁ@@ﬂt@ﬁﬂa?% %Mes that

be ?esurred C [006 In yet another enbodi ment of

I RNGREaQNeheRichT tHaBS: \Qﬁl& 6 bbpm PR ReRE t4 B8bient temperature.
conponents of the Ton sourcé region using.a vapor

ARSIty Ohd ‘&b&fﬁﬁ@ated' Prodddé SFARERS HaFddtrespofid iP YPUBRE Shat have

fromany ‘part of the 1on inplanter whi ch are delicate

(aﬁh&edto%e@ﬁéléih@parﬁ%ﬁ{h@b&bﬁﬁnfOnponent s) may be cl eaned
off-line thereby elimnating exposure to conventiona

%{";67} | NNigbRANEthe cOiERidREl BAT 8N cRIeA&IrNE Sthe rcrj}dpﬂrﬁb Ciﬁlrgmg

i ne cleaning using a vapor phase materi al

wcﬁhdrébyt 1€ tehperiRe AR HbRMIY BSrafad ﬁ@mﬂﬂi h.@ amb1ent
e

licate conponents and |iquids which enter the pores
@émpcRurd @hd #18 lpRoviRBp QRO Bed gk diRGré baddd #¥@y 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, mtrogen ox:des, other species that gcnerate 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 minufes repeated n fimes,
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nmust be punped out of the pores during punp down of
t he vacuum chanber. [0064] In this enbodinent, the ion
source or any other power supplies are turned ofd
v seaM7373s0l ation val ves are cl osed, and t hepcoms2005/038102
source or other vacuum chanber is vented to

Pr ef er ny the ion_source
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service nu 1 on nters
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t he presenf invention rel ates tO in'situ c

Hngé Bem GhYR A0 HifuBH aRbodt196 mmlﬁ?,, gtb‘é/ ﬁtnl’O HI]HutGS to abont

‘accunul at ed process effluents” corres to 't
IO QRS “FN@tlin AMBngdOforh 6N AB Rindt tBhoh B0 mmutesé, preferably

convent i onal cryopunp purge process using nitro

svat DRSS RS abdn@ R0 RARR, Snd 485 ﬁ%ﬁ%@ 48 %ﬁg %Qﬁ'?sto about

-effl uents may be species that underwent a c
ghagyge while the cryopunp was warned to anbi ent
tenperature. Alternatively, the accunul ated process

[B069]uE NAS ddThiEd BEreinS SRR Gally pusP 6irEPokdd Al cal B RainiAg 6 b 5
to the netallic parts of the cryopunp.

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 inclnde reactive as well as non-reactive gas

species.

[0070]  The foregoing purge gas(es) delivery options (@) - (v)) may be apphed durmg

warm—up of the cryopump to ambxent temperature, followmg achnevcment 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



[0067] Nitrogen is the conventional gas of choice

during the cryopunp purging process whereby the
tenperature of the cryopunp is raised from 10-14K to
andemnn473tienperat ure and the previously cryosechas2005038102

species are carried avvay within the purge gas to the
a ortion of
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The purge gas Ivere p?np
iy 3 ipeosas e%?%tgﬁos%gasé&@é PRpSERSy BB Fifadt
frﬁ’&dg@ﬂ\%ééy{géogﬂf/ Gddn&s 5\‘3%*) ar#eflstﬁe Qgé%t%ggn}ﬁs Bt in the

for m nutes repeated n t

E@B{Jﬁiﬁ? Qa8 %Qadv E Sfl@ lf&m?_% cl?ﬁn@bﬂ%l en{’rﬁcggﬁcy of cryopunp

between 1 and 10 and

%H'ﬂiélﬁﬁdevﬁd c'oﬁé?ﬂ{lﬁn@ déci@aés B EA N GRS thc(dgkt) of 3’%88}411?

("essentially pure") nitrogen at tine zero an

(in eniuen! thehdiditevs in f&dd

cryopurri) purglt}ﬁg protgéegcg&ﬁéaﬁﬁgggﬁlg t"’f'1][£elﬁﬁ rcent age %result
mfmbﬁgﬁﬁﬂéﬁ&&ﬁa§gﬁ@gpd t he per cent age of reacti ve gas

i ncreases continuously or in steps (equal or

AT THea Featufesdinie BéiaitBges | RO i@Yehdord AR Motd TRulR, eéh‘awhotfy the
the end of this cycle purge; (iii) 100 % ("esSent al
giinstedtive BxaniplgAiscidsed BelBv. Zzero and |l ess than 100 %
reactive gas at the end of this cryopunp purging
process, whereby the percentage of nitrogen decreases
and the percentage of reactive gas increases '
Eemapleaously or in steps (equal or non-equal in

di mension) tenporally fromtine zero to the end of

{00V  cYet eamplegy svere( préparddl Bing eléditrdld Bdatrl AgRBitA @ 4lulfinum,
reacti ve gas continuously throughout the ‘purging '
porow durgstearadd (siticon an ighiss MRFosad}@ SHAGKDI TR AleMEuithREsOREd as a
Preferably, "x" is in a range fromabout 10 m nutes
bcgtombkaym' taBr onnitie ghss glidef eSomel mpled werel Cappbd WHE S protective
about

silicon layer while others were left uncapped and allowed to oxidize. The test samples

were sequentially placed into en 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 theref_ore 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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20 minutes, 'y'' is in a range fromabout 10 m nutes

to about 120 m nutes, preferably about 10 mnutes to
about 20 minutes, and "z" is in a range from about

Qv it Hporzabout 99. 99% [0069] As defined her e®us2005/038102
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in situ cleaning. [007 L Icrrport ant L@{%ngég’l te'gi’isdc!)!{r%g%? and
alum@ael i ve purge gas for at |east a portion of the

ni trogen purge gas wll reduce buildup of the

foovs]ul Wihae 1B esReafonchds BRRdesdRibbd Berefr’ ¥WRR USRrendd kd Rarions
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fpeeifit embydinibnts," i QI BP apprBdid RN RE 1RVeRHdnOR KoL 'mntlwt¥d, and
decreases the tool downtine and the cost of owners

tattendsl 6 i Bncohp@ssesC oty oﬂhavlﬁbdiﬁehnbﬁkem{a%rﬂbdaﬁﬁ&tsofas W}? be

cryopunp may be decreased as a result of the usé
apeeciared b ithoge GEma@Iy)skilled in the art. Accordingly, the invention is m’tended to

be broadly construed and inferpreted, in accordance with the ensning claims.

26



[0072] The features and advantages of the invention
are nore fully shown by the illustrative exanples
di scussed bel ow. Exanple 1 [0073] Test sanples were
wrepasedsssi ng el ectron beam deposition of al potT/sNs/038102
boron, tungsten and silicon on glass m croscope
slides. The alum numwas used as a bottom | ayer
barrier on the glass slide. Sonme sanples were capped
with a protective siliggn Izégt whi |l e ot hers were
| eft uncapped and allo I ze. The test sanples
were sequentially placed into an ex situ XeF2 reactor

t }or 16 one-minute pul se- etch cycles at a
pressure of 300-400 niforr at roomtenperature. [0074]
Figure 4 illustrates the renoval, as_determ ned by,
RGA, Aofnetbod ofcléanimmacvagiuas chambey ofer seaicordyicler Bawastagng tool,
of 500 nm of alum numw th 500 inn of boron deposited
t her @blaast ofrromponeat orgembinatientherselpisidmethed LOPPHiREEef or e
the boron coul d have potentially formed an oxide
| ayer prior to etching. The XeF2 etch process renoved
nost (HfintkdaaciParofciit gabBoth ad etchmnt éonminst intv the vacuum chamber;
concom tant increase in unreacted XeF2, indicating
that boron renmoval was 25 WO 2006/ 047373 PCTIUS2 O

0510 @a%ﬁig?t& g %ﬁ&fk&?@: %}gtthg oA %@ ARE the dcRGR thShber upon

| mpo rates that the boron |ayer
was r.ead) i B sdultein HRRAcRMSIneRb&MhaTet hod
taugﬁﬁgﬁégéfﬁsﬁgégﬁm#%hgn oxi de . Tlayer had }ormed
thereon prior to etching. [0075] Figure 5 illustrates

the renoval, as determped b of tungsten fro .
ol ‘2 SSPI-GaE e e B = peRfF ot Sosy i PO i it
with 150 inn of tungsten deposi

d h .. Th
no sitimecionatclesshPAtain FRove "ré‘l“‘%ﬁ"é ffotﬁ]eﬁ{eﬁﬁge??re ﬁfggeu un
h tentiall f d [ l, A
o1 o hioHgbRst Rt s RPOBRS SO A SECoutiedon et

however, the presence of XeF2 was significant,

indicating that no tungsten renoval was occurring. .

| nporvitmreid $he dethgnt gas isreioBnitp |reast seleckively with the @?g‘teem the

and nmet hod taught herein . L.
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 me}nufactm*hlg 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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- there
- sem conductor manufacturing tool is an ion

| ~ selectively renoves ion inplantation residue, e.qg.,
boron, while being essentially non- reactive with the

mat eri al s of construction of the ion inplanter, e.qg.,
twogmseersand al umi num [0076) Wil e the i nvemtiras20v8038102
been described herein with reference to various

specific e dinents, it will be. appreciat t :
7y erhteHERE b CE o AR die SCIrat i, POy 1 g bedfline
enconpasses. varli.us ?ther nodi fi cati ons and :
embo FOMRARELt oL1le 108 TMPIRIICT. o 0o eci at ed by t hose
ordinarily skilled in the art. Accordingly, the
invention is intended to be broadly construyed and

fnt erfheanstiod oficlamds Mhamathort least pae eompeRey ik firhemoleglar
WO 2006/ 047373 PC1/US2005/ 038102 TUE CLAI M5 V\hg%ﬂgi s
cl ai rowhpisifuatad ingompprieation itk|tReayeowEn shapleh B WHA S SRIPIIE

of a sem conductor manufacturing toot, at |east one
conpdheyaeuud chag®bi nat i on t her eof sai d net hod
conprising: (a) introducing an etchant gas from an

et chant container into the vacuum chanber; (D)

ter m Titrhélgpd ofictaim Ucwhetsin thie etchant gbcivanprisqyagab selestad{tom the
vacuum chanber upon attai nment of a predetermn ned

pr es sgitup donsisting of el KeFe) rfa,dFs, TBn8Fs( GF s amkitzt i ng t he
etchant gas with a residue in the vacuum chanber for a
sufficient tinme to at |east partially renove the

resi Ope SN0 dr Bink 1iviieled! thobchaieza¥ 86tk XéNDer , at

 east one conponent” contal ned therein, or conbination
thereof, wherein the etchant gas is chosen to react

oL oo b i ' SN i S B B 0 Pt o
c"rh e _
oY 84 o2 BB BRRBRLAS ke, e

t he _cagnr%cr)lnent cont ai ned therein, or conbination
prungm, SGRSEPn0d of claim 1, wherein the

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 jon source in the ion source region comprises a

source selected from the group consisting of an indirectly heated cathode source, a

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

minutes,
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implanter. 3. The nethod of claim?2, wherein the at
| east one conponent is an ion source region conponent
of the ion inplanter. 27 WD 20061047373
R bdo&eHeR/ 038102 4 The nethod of claim 2, wWpetrgistves038102
the at | east one conponent Is a beanline conponent of
dhe.ion inplanter. 5. The nmethod of claim wher e
“Bhe  Zhe petief of gl d dsrﬁisﬁ@rnﬁomp@agt( rYBTHEIRE "F"Wﬁh?ﬁ&m"e"
S|tuated in connunlcatlon with the vacuum chanber, and
us ed fallowing semmplegon efsaidgeselii®m chanber. 6. The net hod of
claim1l, wherein the etchant gas conprises a gas
selected fromthe group consisting of -XeF2, XeF6,
e F4 The fthod biclaiSRB, fufi¥F ormprisingzepering Kndhiengin@atdgast once.
claim1, wherein the etchant gas conprises XeF2. 8.
The method of claim1, wherein the residue conprises
B elBgRRines %{' Q5L wWhERIN thed dichalif RHRINGORBIafs iafl gtchdnt material,
boron, phosphorus, gernmanium nolybdenum tungsten,
al UMgpd PheRROMA 58 GontBiner o @edted Bpa iRbief koinoredse the rate of
mhereln the predeterm ned pressure is subatnmospheric.

Theidiesdaostsieh oGhadthaft mabra Rkoxhé brehapt @det er ni ned
pressure is fromabout 0.3 Ton to about 4.0 Ton. 11.
The nmethod of claim3, wherein an ion source in the

n urce r.egion e

e IPTEECRREoa (5 Tptar e e WISSATAERE frohp Sising

S P 4 o

met h&: erern sal m about
M UG Ea/h 0 RR0Ha Rued ViRt €S- 28

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 vactum

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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WO 2006/ 047373 PCTI US2005/ 038102 13.7 The ni et hod' bf
claim1,Murther conprising (d) evacuating the vacuum
chanber follow ng conpletion of said reacting. 14.

Wewwebdrens of claim 13, further conprising repegiosigso3sior
(a) through (d) at |east once. 15. The nethod of

claim1, wherein the etchant contal ner cgntai an

%t ARt IaApaE P A Z0 kel P eiehent Tae el s ReletiaRd ABE o

is heated by a heater to increase the rate of

physi cal conversion of the etchant material into the |

28t ch&he mgthed ofl GainiThavhersirn-fbel reagtiog |of fietchant \gpevith Hhegepidue is
heater is selected fromthe group consisting of an

ov en effectunted oyl enprgetici agtiveiptanket , el ectrical heati ng

_tape, heated fluids and/or gases, and heater wres.

17. The nmethod of claim1l, wherein an inert gas is

20t r qde gRhol BF elainh @, whepdin atconcentration ofthe klententa s the mesidue is
the etchant gas to the vacuum chanber. 18. The net hod
of cldstemided, byvaar Mialyticdd aechnigud sgjeedc frogr the egowp garsisting of
sel ected fromthe group consisting of argon,

Ni t r gRratuiepgradiebdh dhfraed spSiroFopy nEEPER) Bourier alvansform
wheretn the etchant container is positioned in the

vac ugifrarelSpetaiscapy (PIR), teleotnexparausignetia speofroschiey EEM).uasidual
chanber. 20. The nmethod of claim 19, wherein the

et chand analysis RGA), neenpaitosety, pndcombitptionsdherenfount  of

an etchant material for generation of the etchant gas
in the vacuum chanber. 21. The nethod of claim 20,

229“ er &P nlchiad S eREN T, WidGh Hidletchsnt %aﬁi@ldeebi@ bf # dilididngl species
9 WO 2006/ 047373 PCTI US2005/ 038102 22. The nethod of
clai 20, HRGHeRlbnthibRg Ciebiat whEdiR " thal nitr6gdpQlotiininge species
XeF2. 23. The nmethod of claim1l, wherein the reaction

of t REmpliehantashafk sfibnd BRmEARSEItE from tlef dregd coatialig of O,
W t hou_t ener get I c 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 maferial from an etchant container into the vacuum

chamber;

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

(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

anal ytical technique selected fromthe group

oansost4eg of  tenperature-programed i nfrar e®dCr/Us2005/038102
spectroscopy (TPIR), Fourier Transform Infrared

Spect [ osco (FTIR), el ectron,par 26k |

spect 6"5‘%@%‘(%‘% halile SERgIET wﬁﬁﬁ%@%:ﬁgﬁgmfmwbﬁég{a
spectronetry, and conbi.nations th

ot hSREAGP ae  Ra Pe P R} froh o SReyur R,
of an oxj dizing species nd [t =«€ont ai ni ng
spectigdt iemg?eéﬁﬁm?ﬁcgn}gplﬁng reﬁo-%%bgu n é\?%?‘%%ﬁspeci es

conprises at | east one additional elenment selected
fromthe group consisting of

0, .F, and.Br. 26. A .
et hate onethadeainplaty 26y Fheroih Bn LIRBRTH ’B?te%FEfscé’FﬂpE‘B‘iﬁd% i
manufacturing tool, at |east one [n nal.. c neat ,
or cerieAtssalions the greuncronsisting;of XekEy ﬁ%ﬁﬁ é%ﬁ‘p ﬂ%ﬁ %&97 %Eﬁ CoFs

i ntroduci ng an etchant material from an etchant

cont &€ into the vacuum chanber; (b) termnating

i ntroduction of the etchant gas into the vacuum

chanber upon attainnment of a predeterm ned pressure;,
1%;)  dihe seitibabt elgint M fetheheuntprisiag edoducingAngnegt gas om apgnert
hal i de species in the vacuum chanber using a plasma
sour ges posk lhitothe dadunmshimbey prierdndisieeinties the epkpntpateysl
2006/ 047373 PCTI US2005/ 038102 (d) reacting the
reactive halide species with a residue in the vacuum
SNAMES 4@ forSiahing i26vkkudnt BRaniber &t a badsdndpact maiufagturing
renove tﬁe resi due fromthe vacuum chanber, the at

| east,dNgr leRdtSnBaihteRRITROBHIkAt, Of combibativat thersof, Mveid eapparatus
27. 'It'%e met hod of claim 26, wherein the etchant

mat erdoabyiGRpPri ses a material selected fromthe group
consi sting of XeF2, XeF6, XeF4, NF3, |FS, |F7, SF6,
C2F6

(a) an etchant material source having an etchant material disposed therein, wherein
the etchant material source is communicatively comnected 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 2t feast one of the

following components () and (ID):

(D) a heater for heating the etchant material source; and
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and F2. 28. The nethod of claim 26, further conprising
introducing an inert gas froman inert gas source
into the vacuum chanber prior to dissociating the
avohasses eri al . 29. An apparatus for cl eani mgTAIS2065/038102
vacuum chanber of a sem conductor manufacturing tool,

at least one internal conponent,_ or c¢onbi.nation .

t her € an syt gas9RP BEvias a b 89sdisp S.egcfﬂ;fel%r?'*?feé‘hﬁwm gas
material source haying an etchant. .materi.al disp d

£ her €RECe JHBPEIHICAR 198 SRS onHidF L] SRTHERM| G e ctchant
communi catively connected to, and is situated

upst rBafiE O Che vacuum chanber; and (b) a val ve

between the etchant material source and the vacuum
chanmber; wherein said apparatus is further

dhar dBteeapparats byclaion?, ivdierain e ctebanitmaierial pymprises a compound
foll owi ng components (1) and é%il% (}%) a heater for

heat i selyetef&om thetgsonp caugisting af Xefa KeFe, XekindFs B, Yo C2s and Fa.
2006/ 047373 PCTI US2005/ 038102 (I1) an inert gas

source having an inert gas disposed therein, wherein

she i TIRIdpp@@ss ofoRith e, Wher€if HELHD leagtohy ednypoaem tewmt ionl s¢unge of
and is situated upstream of, the etchant nateri al

Sour c&y joROimpldnter,aRBiGH Woured seléctddiraf, thedppeupi porsisting of an
etchant material conprises a conpound selected from

t he Oin@hyatle Btk Sithaty sofrco(@FrsemXe kdirce ¥add BertnEnouics.7,

SF6, C2F6 and F2- 31. The apparatus of claim 29,

wherein the at | east one conponent is an ion source of
35 ! Ofyd aﬁgzlrﬁﬂg (ﬁ'rcla'uﬁ 3b dytlefiin £18 H&ﬁ% iS&leted §8mithOFlg nsisting
group conSisting of an 1ndirectly heated cathode

SOUN C o obeh €8 {Egllﬁrgnﬁlgag R SlafkeBOIRGIcANEGS: 1238, hehl@ fluids

apparatus of c rein the heater i's sel ected

from U GREst Sikdg of an oven, a conformal
heati%}dg%ég%\sn’et el ectrical heating tape, heated
fluids

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

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-éontaining species, wherein the nitrogen-containing species
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and/ or gases, and heater wires. 33. The apparatus of
claim 29, wherein the inert gas conprises nitrogen,

argon, xenon, or helium 34. The apparatus of claim

™ 200bree7€i3n the at | east one conponent is a beemgsivesiossioz
O conponent of an ion inplanter. 35. The apparatus of

claim?29, whereint at |.eas n nent _is .

{ ur bETFBMsEL FidFast wﬁsﬁ SR Feg e atas eontipe of O
t he ac%ﬂ; chanber, and used for punping the vacuum
chanbe @ 86. The apparatus of claim29, wherein the
etchant material is devoid of an oxidizing species

and a nitrogen-containing species, wherein the |

3 t r dganethodnefapnisitg clasniag <t leasp opp) cpwpencyy 5 73 semiconductor
PCT/ US2005/ 038102 _conprises at | east one additional

el emapufseiming teel, RidoMEHISCOBPEIRE consi sting of 0, F,

and Br. 37. A nethod of ex situ cleaning at |east one
conponent of a sem conductor manufacturing tool, said
met hag) positigiingtha\gmpeagnt Gmiek isinvaogunt ¢hembemponent i n an
ex situ vacuum chanber; (b) introducing an etchant gas
froman etchant container into the ex situ vacuum

cha Iy i . Eﬁ@ﬁ . . ifdr ilih ShebrChianiacuum
gasn?ﬁt%tﬁémégﬁduﬁgnﬁg anb%@%%%ﬁﬁg??%i nment of a
predejgryri.ned pressure in the vacuum chanber, and (d)
reacti ng the etchant gas with a residue in the vacuum
chanmber for a sufficient tine to at |east partially

renove the resi.due fromghe | east .one
cont ;S?e)ntﬁ’a"“{m'é‘g éf‘tﬁ, “W?&‘gi[tﬂe tcﬁ;banétgpa‘?] M i a\ga%ﬁ{gf? c% E%%beeﬁ upon
tor %, Ci}mesn% lo g It}xjeye%elr%in@d tprréssyulhee'm Eh%s\'rlagu% c%gmﬁé'};eanﬁt

(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 eichant gas is chosen to react selectively with the residue on the at
Jeast one component, while being essentially non-reactive with the interior of the

vacuum chamber and the component material ftself,

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

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

source region,
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| east one conponent, while being essentially

non-reactive with the interior of the vacuum chanber

and the conponent nmaterial itself. 38. The nethod of
ovares@#737aher ei n t he sem conduct or nmanuf act urPCTEISLE@S038102
is an ion inplanter. 39. The nethod of claim 37,

ereln the at.least one copponent. cones fr '
A0 30 sefeher SR SOOI B I R st il B e
40. lpe ﬁ;tgﬁg.of.chf'1138, wherein the at |east one
compoRent® o e P8R tfie  bear i ne of the ion
inplanter. 41. The nethod of claim 37, wherein the
et chant gas conprises a gas selected fromthe [qup
#lonsihe megrogrof damp37, whersin thesfehant gasscompprises 3 @??“I%ng, om the
C2F6 and F2. 42. The nethod of claim 37, mher;'n t he
et cha&mupgarsitisg pf KX oter el s s, Iy fFondke Gal's 894 T ai m
37, wherein the residue conprises an el enent sel ected
from the group consisting of boron, phosphorus,
4= melhie uithodwl yibike3 ) whertin tigstobant gasdomprises{eFand
arsenic. 44. The nmethod of claim 37, wherein the
predeterm ned pressure i s subatnospheric. 45. The

5t hoghe YeardddirBadd 37 WARESA the tdifiuR cOHHRE B Biedlem selsded fom
is fromabout 0.3 Torr to about 4.0 Torr. 46. The

met hagle @fouf | BhsRiRg of BhRA.ChHRsHOR AbernBifi, HIOBbLERIRO BMBsten,
conprises an ion source selected fromthe group
CONSiHlhilen Ohd 3Redifldi rect |y heated cathode source, a
Freeman source and a Bernas source. 47. The net hod of
claim37, wherein said tine is fromabout 0.5 m nute

P ¥ g B REST, af ey TRl RBedbro S hbmoptoic

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 soutce.

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 (e) evacuating the vacuum chamber

following completion of said reacting.

49,  The method of claim 48, further comptising repeating (b) through (€} at least once.
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foll owi ng conpletion of said reacting. 49. The net hod

of claim48, further conprising repeating (b) through
(e) at |east once. 34 WD 2006/047373

PayespORE 038102 50. A nethod of cl eani ng aPCaAISLNEH/038102
chanber of a sem conductor manufacturing tool, at

| east one conponent, or conbination thereofof the .

§%c uethardof eleaning & vacken Bipnbebpls segticagducteyymanutacturing tool,
i ntroduci ng an etchant gas from an etchant contai ner

i Nt O g Neast 3fd! EBMpEIRAITRE lcombibtion théxdsfaNitieg varuith Ushalebdry said
of gas species fromthe vacuum chanber using a vacuum
punp rﬁahﬁfcfog@ﬁm%e a continuous flow of the etchant

gas therethrough; and (c) flow ng the etchant gas

t hrough the vacuum chanber for a sufficient tinme to
react.{ he, ﬁgg Al j p——
part i%t I ynlﬁitg%ov ta'ﬂ%&h%ﬂetsg:as due&f éig%tc? ﬁg J\?gtgﬁlﬁrmhgﬁg{ﬁb‘ér
and/ or at . one conponent contained therein,
wherein the etchant gas conprises a gas selected from
the group consisting of XeF2, XeF6, XeF4, |F5, |F7,

SF6, F6 and F2, and wherein the etchant gas |s .
chosdli ¢ 5t tiesopuelB iR werte FiE Poteiie et asine o
vacuum chanber, whil e-bgi ng. essent.i ally, non-reactiyv _
Wiih the VATDR BBy By ALePdier A pomaimEr Y Tn e cobdif s
conponent C%ﬁt ai.ned therein. 51. The nethod of claim
50, wher efFT 8% onduct or manuf act uri ngt ool i san

ion inplanter. 52. The method of claim50, wherein

t he vacuum chanber conprises an ion source regiaon. .
(¢) flowing the etchant gas through the vacuum chamber for a sufficient time

s

to react the etchant gas with the residue to at least partially remove the

residue from the vacuum chamber and/or at Jeast one component contained

therein,

wherein the etchant gas comprises a gas selected from the group consisting of
XeF,, XeFg, XeFy, IFs, TF;, SF;, C;Fs and F,, and wherein the etchant gas is chosen
to react selectively with the residue in the vacuum chamber, while-being cssentiaiiy
non-reactive with the interior of the vacuum chamber or the components contained

therein.

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

Lh
(Vi

implanter.

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

region.
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35 WD 20061047373 PCTI VS20051038502 53. The net hod of

claim ~U, wherein the vacuum chanber conprises a

beam i ne vacuum chanber. 54. The nethod of clai m 50,

W0 edei0478Tnpri sing fl owi ng a dopant gas from a&Cuas2005/038102

source into the vacuum chanber to effectuate ion

§f3”p | ﬂﬂé kB i NEhR! I, wherein i€ VABRROEhaAbe L@thHsesta beamline
urt her conprising répeating (a) through (d) at |east

oONce ., ..08 cha nethod of claim50, further conprising

di ssoci ating tﬁe etchant gas into a reactive halide

Sspecies in the vacuum chanber using an energetic

Feact Ry st ﬁﬁélﬁ s P i Bl g L S o dopon
chantaies o ot FERHBhgh R B el By

resi due conprises an elenent selected from the group
consi sting of boron, phosphorus, germanium

560l y Btieme doﬁn@@t@rﬁmmcwmwpgﬁwgé@gﬁrﬁw (dy ¢ leagipuoe.
met hod of claim56, wherein the energetic source
conprises a plasma generator. 60. The nethod of claim
&9, 'he neildidieldharirthenangiisng cissgridtiog sheagichaphgas mfo a
source selected fromthe group consisting of an

i ndi reefiehalidaipedesiatisedaumehamter using Freengeticvuicee and
a Bemas source. 61. The nethod of claimb56, wherein

the energetic source is positioned within or

' ' i 19 AeTe RIS +0iDB® residue
?ooaﬁl&%’g%d e 52005%8’%%?362% 62. Th%@gn[g?ﬁ%cd_ of claim
50, gtﬁ&g{ba&!e %?y tERRE BResitfue 6BR R DR cigafberdi t h t he

u | S

resi ectuated w thout energetic activation.

58.  The method of claim 50, wherein the residue comprises an element selected 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 sourccand a Bermas source. .

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

immediately uj:stream of said vacuum chamber.

36



o

63. The nethod of claim50, wherein the etchant gas

further conprises an inert species selected fromthe

group consi sting of argon, nitrogen, xenon and helium

M0 2dep43et hod of cl ai m 50, wherein the etchamcTgs005/038102

conprises XeF2. 65. The nmethod of claim50, wherein a

CEnCents &letifdl oPblatd 150, Fh&ER MeSedohod HEnd &él'}agfjgzs gﬁﬁp the residue is
chni que selecte rom

determ ned by an _ana[’ytl cal te

the greguAanpidii derebic activatiod 8MPEr at ur e- pr ogr ammed
infrared spectroscopy (TPIR), Fourier Transform

I nfrared Spectroscopy (FTIR), electron paramagnetic

SBEC! 9RO T ] B e S

of cl aj rein the.etchant gas is devoid of an

oxi i B ont BEIaFouf it (ARG, 1HRen GeRage Bl oo,
wherei n the nitrogen-containing species conprises at

| east _.one additional elenment selected fromthe group
Bhsi e igthef ofplaimp50, whegeipthe cighant gespempdys eFx| eani ng
accunmul ated process effluent fromthe interior of a
cryopunp, - said method conpri sing purging the cryopunp
vitst h Abe nethsd of olainpil; ghereipas@acentation of thegfengasds the residue is
including nitrogen and at | east one reactive gas

sel ecdeemidadoby taheanglyticap tevhnigues tdlevtpdofiom Xijig QgupOZ@Risting of
ni trogen oxi des, species that generate oxygen

radi ctnperatursprogramared ddintrdn apdcoosofyh ofTRIK), Phgieei Transform
said nmethod is characterized by at |east one of the

f ol | olifredSpedwsqppy YR), slecitapermmagde)ic sfettdscopy(BPM), residual
(rrr)y: (1) (a) purging with essentially pure nitrogen
for t Easanalysis@RGAA7myOspR0eNnar/7 3id3oRGHALIRR BRE0A38102

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

time y, wherein the at | east one reactive gas is

55 € NThehbtodbll aitn(30] Whdréin tHRWEclhi Gads UBvoiP SO dxiditg species
pure nitrogen at time zero; (b) blending the

essenjridalal yitRgéEeotainid @Pecis! wHeRt e IBREbn-0fRaining species
reactive gas,
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 cryopurap 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 i»n sify, and combinations thereof, wherein said method is

~ characterized by at least one of the following purge process sequences (E), (I}, and (I1I):

()  (a) purging with essentially pure nitrogen for time x; and
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wherein'the nitrogen and the at | east one reactive gas
are no |longer essentially pure; (Il11) (a) purging

with a mxture of nitrogen and at | east one reactive
Pas2006/@7803er ei n t he accunul at ed process effl uRQTAEX05/038102
substantially renmoved fromthe interior of the

cr yopunp. (bpBurgifib evitraitetnd hast necleadtive 8at, foniies §iwhefelifthe at least
reacti ve gas conprises oxygen. 69. The nmethod of claim
67, wher edng rédetivecgay Bpenetiallg pwey ged duri ng cryopunp
warm up. 70. The nmethod of claim67, wherein the
cryopunp is purged at anbient terrperature 0 71. The
et haey of aphadbifk fith ebiRBRY %Sh: SmGHt a:&d process

ef fl uent conprises non- atil e speC| es that were
produced during cryopun'p warmup. 72. The net hod of

claim 67, rrngc{ encegﬁlgwﬁgt%gg{m% o b %:vquas
;882%;9%?;% A S
ref Q gn & lle?.s)t Q“S\HS“F’S %, Epg, gre no Ionger

claim 67, conprising eguence” (

bl endi ng a process selected fromthe group
consi st néé&g@{le@ﬁ?l nuous, equivalent steps, and

non- equi val ent steps. 74. The nethod of claim 67,

conprisin uence (1), wherein the anmount of
ni t ré8en ¢ g) ﬁ%&@ﬂhﬁ@ﬁﬂ%@ft&WHﬁan@ﬁqn@wn‘@w

reactive gas. a 39

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 temperatute.

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.

74.

O

O

The method of claim 67, comprising Sequence (M), wherein the blending
comprises a process selected from the group consisting of continuous, equivalent

steps, and non-equivalent steps.

The method of claim 67, comprising Sequence (I), wherein the amount of nitfrogen

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