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FIELD

[0002] The present disclosure relates to ion implantation using dopants and dopant gas
mixtures for enhanced lifetime and performance of an ion source in an ion implantation

system.

BACKGROUND

[0003] Ion implantation as practiced in semiconductor manufacturing involves
deposition of a chemical species into a substrate, such as a microelectronic device wafer, by
impingement of energetic ions of such species on the substrate. In order to generate the ionic
implantation species, the dopant gas, which may for example comprise a halide or hydride of
the dopant species, is subjected to ionization. This ionization is carried out using an ion
source to generate an ion beam.

[0004] Once generated at the ion source, the ion beam is processed by extraction,
magnetic filtering, acceleration/deceleration, analyzer magnet processing, collimation,
scanning and magnetic correction to produce the final ion beam that is impinged on the
substrate.

[0005] Various types of ion sources have been developed, including inductively heated

cathode ion sources, Freeman, Bernas, and various others, but regardless of the specific type
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i sotope, and greater than 7.4%for mass 76 gernmani umisotope, with the
provi so that when the dopant conposition consists of germani um
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implantation, wherein the dopant composition is selected from the group consisting of:

(i) germanium compounds isotopically enriched to above natural abundance level of at least
one germanium isotope of mass 70, 72, 73, 74 or 76, wherein the isotopically enriched level
of said at least one germanium isotope is greater than 21.2% for mass 70 germanium isotope,
greater than 27.3% for mass 72 germanium isotope, greater than 7.9% for mass 73 germanium
isotope, greater than 37.1% for mass 74 germanium isotope, and greater than 7.4% for mass
76 germanium isotope, with the proviso that when the dopant composition consists of
germanium tetrafluoride isotopically enriched in mass 72 germanium isotope, said
isotopically enriched level is greater than 51.6% for the mass 72 germanium isotope; and

(ii) dopant gas formulations comprising a dopant gas and a supplemental gas, wherein the
supplemental gas includes at least one of a diluent gas and a co-species gas, and wherein at

least one of the dopant gas and, when present, a co-species gas, is isotopically enriched.
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[0012] The disclosure relates in another aspect to an ion implantation system, comprising
an ion source and a dopant composition source arranged for supplying dopant composition to
said ion source, wherein said dopant composition source comprises a dopant composition as
described above in connection with the ion implantation process of the disclosure.
[0013] Another aspect of the disclosure relates to a dopant feedstock apparatus,
comprising a vessel having interior volume, and a dopant feedstock in the interior volume,
wherein the dopant feedstock comprises a dopant composition as described above in
connection with the ion implantation process of the disclosure.
[0014] A further aspect of the disclosure relates to a method of increasing at least one of
source life and turbo pump life in an ion implantation system in which germanium ions are
implanted in a substrate, said method comprising ionizing a germanium-containing dopant
gas in an ionization chamber of said ion implantation system, wherein said germanium-
containing dopant gas comprises a mixture of germane and one or more of hydrogen, argon,
nitrogen, and helium, wherein said dopant gas optionally is isotopically enriched in at least
one isotopic Ge species
[0015] Yet another aspect of the disclosure relates to a method of increasing ion source
life in an ion implantation system wherein germanium tetrafluoride is introduced and ionized
in said ion source, said method comprising introducing ammonia with said germanium
tetrafluoride to the ion source, and wherein said germanium tetrafluoride optionally is
isotopically enriched in at least one Ge isotopic species.
[0016] A further aspect of the disclosure relates to a dopant gas composition comprising

a dopant gas and a supplemental gas, wherein the supplemental gas includes at least one of a
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in response to the monitored cathode bias power, flowing a cleaning or deposition agent to the
ion source, to extend operating lifetime of the ion source, cathode and/or one or more other
components of the ion source, in relation to a corresponding ion source lacking said flowing a
cleaning or deposition agent thereto.
[0019] Other aspects, features and embodiments of the disclosure will be more fully

apparent from the ensuing description and appended claims.

BRIEF DESCRIPTION OF THE DRAWING

[0020] FIG. 1 is a schematic representation of an ion implant process system according
to one aspect of the disclosure.
[0021] FIG. 2 is a schematic representation of an ion implant process system according

to another aspect of the disclosure.

DETAILED DESCRIPTION

[0022] The present disclosure relates to the use of isotopically enriched dopant and/or
supplemental materials for improving the lifetime (service life) and performance of an ion
source of an ion implantation system.

[0023] As used herein, the singular forms "a", "and", and "the" include plural referents

unless the context clearly dictates otherwise.
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permutations of these specific features, aspects and embodiments, or a selected one or ones
thereof.
[0025] The compounds, compositions, features, steps and methods of the disclosure may

be further specified in particular embodiments by provisos or limitations excluding specific
substituents, isotopes, moieties, structures, ingredients, characteristics, steps or conditions, as
applicable, in relation to various specifications and exemplifications thereof set forth herein.
[0026] The ion implantation systems and processes of the present disclosure as a result
of using such isotopically enriched dopant and/or supplemental materials achieve enhanced
ion source lifetime and performance, in relation to corresponding ion implantation systems
and processes not using such isotopically enriched dopant and/or supplemental materials.
[0027] As used herein, the term "dopant gas" refers to a gas-phase material including a
dopant species, i.e., the species to be implanted in the ion implantation substrate, as
coordinated or associated to a non-dopant component, such as a hydride, halide, organo or
other moiety. Examples of dopant gases include germanium tetrafluoride, germane, boron

trifluoride, diborane, silicon tetrafluoride, silane, phosphine and arsine.

[0028] The term "supplemental gas" as used herein refers to a diluent gas or a co-species
gas.
[0029] A diluent gas is a gas that does not contain the dopant species and is effective in

mixture with the dopant gas to improve the lifetime and performance of an ion source
processing such diluent gas-containing mixture with the dopant gas, as compared to the
lifetime and performance of a corresponding ion source processing the dopant gas without the
presence of the diluent gas. Examples of illustrative diluent gases include hydrogen, argon,
fluorine, and xenon.

[0030] A co-species gas is a gas that contains the same dopant species as the dopant gas,
wherein such same dopant species is coordinated or associated to a non-dopant component
that is different from the non-dopant component of the dopant gas.

[0031] For example, the dopant gas may be germanium tetrafluoride, and the co-species

gas may be germane, GeH,.
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compound isotopically enrlched to greater than 37.1% in mass 74 germanium isotope; or a

germanium compound isotopically enriched to greater than 7.4% in mass 76 germanium

isotope.

[0034] The process in other embodiments may be practiced with the germanium

compound comprising at least one of germanium tetrafluoride and germane. For example, the

germanium compound may comprise germanium tetrafluoride, in which germanium in the

germanium tetrafluoride can have: an isotopically enriched level of mass 70 germanium

isotope that is greater than 21.2%; an isotopically enriched level of mass 72 germanium

isotope that is greater than 27.3%; an isotopically enriched level of mass 72 germanium

isotope that is greater than 51.6%; an isotopically enriched level of mass 73 germanium

isotope that is greater than 7.9%; an isotopically enriched level of mass 74 germanium isotope

that is greater than 37.1%; or an isotopically enriched level of mass 76 germanium isotope

that is greater than 7.4%.

[0035] Still other embodiments of the disclosure can be carried out in which the dopant

composition comprises germane, and the germanium in the germane has: an isotopically
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isotopically enriched level of mass 76 germanium isotope that is greater than 7.4%.

[0038] Alternatively, the dopant composition can comprise germane, in which the
germanium has: an isotopically enriched level of mass 70 germanium isotope that is greater
than 21.2%; an isotopically enriched level of mass 72 germanium isotope that is greater than
27.3%; an isotopically enriched level of mass 73 germanium isotope that is greater than 7.9%:;
an isotopically enriched level of mass 74 germanium isotope that is greater than 37.1%; or an

isotopically enriched level of mass 76 germanium isotope that is greater than 7.4%.



enriched | evel of mass 70 germani umisotope that is greater than 21.2% an
isotopically enriched | evel of nmass 72 germaniumisotope that is greater
than 51. 6W® 2an/iosbopi cal |y enriched | evel of mass 73 gecrars2umioesss ope
that is greater than 7.9% an isotopically enriched | evel of nmass 74
germani umj sotope that is greater, than 37.1% or an isotopically enriched
Pever of 938" 76 Syeitfmsiafighid s Wi e Syiideall en o RAGE 1 Hu38] The  on
i mpl ant at gBnepr, ac&as dae gadkpecide sdedidietiora iy grog@roBBis@ bl ki@an, Aiytirokén, Ot her
enbodi ment.s in which tggmd ant cqon%gsiti on is sel ?ct ed fromtheagroup
consi st i né“‘?fFled‘B?)éﬁtong FOFRGTPEIBAHLS FaNPIUEr AGUR AR SEh e fAEPENEE 4

suppl ement@bpegiasgaswher ei n t he suppl enental gas includes at | east one of a

di luent g nd 0- Specji es s,..and wherein at | east one of the dopant
gas and, HRAR pr QL giter gt B 8 pade s TuPIPL Lo Aoy Bt BRI |y
vari ous enbodiinent sf esumehival duadsdridoNger@fand, hisorato piaMioriga s didmdne, Wileon pr esent ,
t he co-specif?s gas, that is isotopically enriched, can be selected fromthe
group con8i8 ‘foﬁlge?ﬂdsé}%l}enani um conpounds i sotopical ly enriched above natural
abundancef[dogyiel dfiilladthdr eabbdions GE tHEXBIOWER ¢BEbYPeogint ABSS1lcéd frdd, thé3, 74 or
76. lllustrative, exanpl es of stucl'lBliBsgt opi cal I@/ enr | Che% gg)r mani um conpounds
incl ude: GEFRERTSHITE ShETTRBE™ SEHBIBT &P a8t Foee M8 Gr SRPEPCtNER" 21. 2% i n
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[0037] I n various | nplenentations of the ign inplantation process, the
dopant coﬁgésé)&p%llr]wyn%&ﬁ&gc?ﬁﬁﬁng@ tﬁ?aqufgﬁgeiw'@h%er rT?neger mani um tetrafl uori de and
ger mane. Goyis@x@ail epridhbegcdapdin tctaffpoisl tand sogidal o tlicd @eg@andrani um
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cathode and/or one or more other components of the ion source.

[0045] The disclosure in another aspect relates to a method of improving performance

and lifetime of an ion source arranged to generate ionic doping species for ion implantation

from a dopant feedstock, comprising generating such ionic doping species from any of the

dopant compositions of the present disclosure, as variously described herein. In one

embodiment of such method, a dopant gas and co-species gas are flowed in mixture with one



[0041] Still other enmbodi nents of the process enploy a dopant gas sel ected
fromthe group consisting of germaniumtetrafluoride, germane, boron
trifluoriwe,2odvtoersane, silicon tetrafluoride and sil anepCans$2@10ed3sent gas
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&'y ot
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of ionic d@ﬁﬁﬂ’ﬁon@pﬁlﬁdn&ﬁayfcﬁﬁlphmoﬁmﬁ @isl :mﬂ co-Kpebies gzenﬂaﬁdmerm)pﬁrs c@fipdstien pr ocess
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l oved 1 ostre e astiece B GEREPM A BP Pif e aasane SpuErEenTy
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conpri sed | theéj rgt co ?fftj ltfl on; gonl tgl“ ng thod as power during
oper at  on®F7 ne 4 ST BiFOERGL AT A5 R Bisqtet ot PO SP ChePaT Per ont
dopant rratceﬁﬂr'aing at @sdeh Eavh@rhn&ﬁuf ﬁﬂ!umfﬁ raad hRlopas peasektin tichiateronvdwtied
cat hode bi 15 L) fé Cgtl ngo Ieeasﬁt & n o({o %[ge se uegtsl al I%. s%igpl i ed
dopant coﬁ'%%rg t] Sn%p gRt BBEieat N g P ?'}8 Toli SBHMEE,
cat hode addbtedbareinor m)r e ot her corrponent s of the ion source.

[0048] The disclosure relates in another aspect to a method of increasing at least one of

source life and turbo pump life in an ion implantation system in which germanium ions are

implanted in a substrate. The method comprises ionizing a germanium-containing dopant gas

in an ionization chamber of the ion implantation system, wherein the germanium-containing

dopant gas comprises a mixture of germane and one or more of hydrogen, argon, nitrogen,

and helium, wherein the dopant gas optionally is isotopically enriched in at least one isotopic

Ge species.

[0049] For example, germane may be present in such mixture at a concentration in a

range of from 5 to 35 percent volume, based on the total volume of the mixture.

[0050] The disclosure in a further aspect relates to a method of increasing ion source life

in an ion implantation system wherein germanium tetrafluoride is introduced and ionized in

the ion source. The method comprises introducing ammonia with the germanium tetrafluoride

to the ion source, and wherein the germanium tetrafluoride optionally is isotopically enriched

in at least one Ge isotopic species. In such method, the ammonia and germanium

tetrafluoride may be provided in a mixture in a supply vessel from which the mixture is

dispensed for introduction thereof to the ion source. Alternatively, in such method, the

ammonia and germanium tetrafluoride may be provided in separate supply vessels from

which they are dispensed for introduction thereof to the ion source. As a still further

embodiment, the ammonia and germanium tetrafluoride may be mixed with one another in the

ion source after introduction thereof to the ion source.



[ 0045] The di sclosure in another aspect relates to a nmethod of inproving
performance and lifetine of an ion source arranged to generate ionic doping
speci es WO 200mo06T8pl ant ati on from a dopant feedstock, cecprissing2gener ati ng
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disclosure in.a further aspect relates to a nmethod of increasing ion source
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ger mani untt et rat | udr raE Pt FoNalty is isotopically enriched in at |east one

Ge isot op'[(mss]peciwsen thmccﬁmpbhmaietdiﬁ;ﬁhsest geﬁnzaﬁnmruraﬂmde (41558 gmnnanmml in the
tetrafl uoride .may e in from whi ch

t
Lhe i xt o TRon SOEEEE POF Pl Dot e B R B méS B abirhlh
Al ternati iebye thanissgrehterntahhat2%t he i@ropaily eﬁﬁtﬂie(g&tvaladiﬂ s 172t getrhiriahi de may
b ded t d d f
e e Ry kN AR xR
anmoni a aidopertaai gmitrethiabl.6or atlesompicabde emicked laatlt 6f ame 7dngthatiuhn t he

|282 1/5 gggg%@%@ﬁ élﬁ %%25? g%]t; 0; ;nr%seort.oeplocfall}tf gnrltc eed llexpepofs mass (7? gerr\{l\gnum isotope

that is greater than 37.1%; or an isotopically enriched level of mass 76 germanium isotope
that is greater than 7.4%.

[0057] When the composition comprises germane, the germanium in the germane may
have: an isotopically enriched level of mass 70 germanium isotope that is greater than 21.2%;
an isotopically enriched level of mass 72 germanium isotope that is greater than 27.3%; an
isotopically enriched level of mass 73 germanium isotope that is greater than 7.9%; an
isotopically enriched level of mass 74 germanium isotope that is greater than 37.1%; or an

isotopically enriched level of mass 76 germanium isotope that is greater than 7.4%.
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[ 0051] Anot her variant of such method involves introducing xenon to the ion
source. The xenon may be introduced in m xture with anmoni a and/ or

ger mani urwoebriafob1sor i de. [ 0052] I n anot her enbodi ment of PeuaAls20mkGdS as
broadly descri bed above, the germaniumtetrafluoride may be isotopically

oot onr e M8 o AR aoPRE sSRp TR bifer BE R RS dL b e BT b BB SR
colnzit Zi‘i {1glpgfemgﬁgiefas7g(sﬁecogﬂﬁgs?:&ﬁgg{sg&&a]r%h;:‘ 21‘ tah&ﬁqata/speﬁtcglsmfer;tt b, dirscl osure
uppl enentirgasy B RGOS 0 an P Syaan it e 387 1838 e of o

di | uent ga@n@amd aBle@Q-BPeai gRciga Selecddadirorh elice prouodsBasd oﬁmgomfhyﬂﬂmgerdopant
gas and, ﬁh cfsent, a co-species gas, is isotopically enriched. The
conposi ti o)Vt Ei"™at | east one of the dopant gas and, when present, the
Co- speci eg)ogﬂs nshei@pmmbmiad)shtionanrdnsﬂﬂademmyndne caet@gired af feamdnbefgroup

consi stin ds IS, c r| ched_above tural
DundancelrByuin RN SR S BBk s raisr kian g I3 S £, o
76. | 0054]A3uﬁhkrmemmou@ﬁ1®smiay cmnmbludkedopant@E REEdN @O A6 doaditdgictal |y
enriched to gr.eater 70 germani,umi so e. a,gernani um
Comound EEBUER LSRR, FOEE TR DRrEr AR Gy bR S ER e
| sot ope; andy@luem RbUcongoisipg uilchst stdipit ahd pe@@rstlehiedirdin tgr@atpeondiiag 51. 6%

in mass 72. germanj um i sot.o er mani um conpound i sotopically enriched to
great er tﬂ%ﬁg > 890 5™ r{;ﬁ‘ggné;éddd?f“%hm um i sot ope; a germani um conpound

| sot opi cafdogolenr iThlaeldpatnoCogrpeah@rmtsbﬁmc?a:?nbﬂa%ﬂems MRg Sonf#isg ey ®@Ni UM i sot ope;
or agernruum 1 dlsotoﬁ(% bé edn edto ﬂrqeate‘r than 7.4%in nass
76 ger manfUISYPRE é’ﬁgrlcmf%é%g’]“f‘ 8 HE B 8‘%9%“8 Y% “8not her enbodi ment
cgrrpri seS(le)ﬁsoto@a:smy @mehadfgegmhnmmemmubﬁﬂer\aﬁ ge@nharge anﬂ germane. [0056] \é\hen
t he conposi.tian rrpr| e r mani tetrafluori t ermaniumin the
ger mani Uit RO PP ke AU RN Y B Py DR TG el of mmss 70
?er mlani ;Jn’(mﬁﬁﬁt@%g@lﬂy hﬁtchkcﬁbc@dﬁrﬁtﬁﬂ@dﬁrmbh\ﬁﬂh x2don2%l hmogeﬁpth opi gz;ll l:%%// enri ched
evel o Ss 0, a reater than % an
i sot opi camﬁly”%)l‘[?’rpfll N egté(gﬁonzﬁ‘ﬁ"‘?&g%w‘f]?& %rP?Fgﬁ? misotope that is greater
t han 51. 68ii) Botopisdtyasmticiat Ibyroﬁﬁ[ﬂuf)fi&dankl@b&jplcﬁlﬂy mssedzﬁbogma mani um i sot ope
that is g er than 7.9% .an isqgto ich
gor rran: unt 8Bk opd rcopebyis oD e hsfiRlss Yt e i@l S Sal ched
| evel of passmaifte genmanplumiloagiraps, thaimpaedgo eat @kimhdan! perddmarc®067] When
t he conposition conpris er mane,.. t he ni u t he ger mane have:
b Sot opr i RPIGR Ak g B ep i dS T BRI el G S TR o oat o1
t han 21. 28fricasl supgitiogitatghd. y enri ched Ievel of mass 72 ger ITB.I’II um | sot ope
that is g er t 3% ., an |spt nyi ched.
gor tran; unl OBk ope fiad Prsingpedir TEREISTE eVicRah o ASPhRE D rferebF T hed 1 evel
of mass 7d4oger gmrandym tsgleapegdshadans thagthealopant kpeates 37 sukbogages) are vaptiopi cal |y
enri ched %rgr\lll%l na lgfaoscgurZir?g goet[)lr)rlg' sg{puli()snogfqg & (gpgral‘ttsplecslesgﬁ}g a\ilta}g I;)f Exr;]:l%lrf)le7a4%
natural abundance isotopic distribution of concentrations of germanium in a germanium
tetrafluoride dopant gas, and the isotopic distribution of germanium concentrations in an

illustrative isotopically enriched germanium tetrafluoride dopant gas, are shown in the

following Table 1.
[0063] Table I. Isotopic Distributions in Natural and Isotopically Enriched Germanium
Tetrafluoride
Concentration (+/-1%)
Isotope Natural Enriched

70 21.2% 15.8%

72 27.3% 51.6%

73 7.9% 9.4%
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WO 2011/ 106750PCT/ US2011/ 026388 [ 0058] The dopant conposition in other

enbodi nents may be constituted to include a suppl enental gas that conprises
a Cco-specwe0ga®we7sor al ternatively a diluent gas, or al Pernstémakesss both a
co-species gas and a diluent gas. The diluent gas can include, for exanple,
at | east -ere—gas °Qecies seleeted frnwyéup group—coenstst g ot—argen,
hydr ogen quorinZ and xenon, [0059]¥%£0d0pant conpositi%%?i)n anot her
enbodi ment can compri se at Tleast one7af, germani Um tetrafbugri de, gelmane,
boron trifluoride, diborane !l silicon tetrafluorilde and silane A fuither
dopant conposition can include dopant gas selected fromthe group

consi sti nmogd] gerimeiadmdieh SRfnURIMLBIE I IR TRA GernPOfufisdtbpel bUAF hidBass
di borane, _silicon tetraf|ugride and silane, and diluent gas conprising at

| east one’@i’Punt* 4 OsHid | @sbudrg Be ey 2Pydaitt he group consisting of argon,
hydr ogen, [dobs10r i Nhe pRREhOIROBEUre QRGBSR QRAMaRANNRSE ia@N ohdlorsR&Ei fi C
enbodi nents may conprise any of: (i) isotopically enriched gernmani um

tetraf | uoPh SOl ReARH An¥r D g prriched. yicp SBETE N FYPeairliehadPvger mani um
tetraf | uonislal WuhdhnBelv@NBsredf] nite bS@h@RhCGBpdnY c@NTh&NEE BRI #Bne
tetrafluoride and isotopically enrlched_%frnane; (iv) isotopically enriched
bor on tri FPRRSIPGE MY CAMRER SAEAY Y EHBIGETE: of $9rmpreoitophicl ibe gerakpivehiad bor on
trifluorideopidlly @liBREaARSE naifl (Blndiancé BOSIOR o€ Bhdt Yn@REbENTHe BiodQAre in
trifluoride and isotopically enriched di borane. [OOGJ%SPpant conposi tions

of the di%%WE%JW?Oéﬁﬁn%F@@ﬁ%FV@GP@nWﬁbﬂﬂvﬁtﬁ%%*l?f@?? h%ﬁﬁpﬁﬁr$%r%ance of

an i npl ant@hhAmRERERSSde, ARl SORNBSFAHedsQs bhiRhéd bk ARu@nsbup@htorenange of a
correspondi ng process that does not utilize isatopically enrjched dopant

gas and i gqg{n&]ﬁpl@dmtgpeé}ﬁ Infaésn%(a 7%UEp‘Pre7ﬁ‘E mitg|theg]g§\_/1so in various embodiments that

when the germanium isotope enriched above natural abundance level is "“Ge, e.g., in

ha Aar o concict i a¥al nf arnnn

germanium tetrafluoride, then the enriched concentration is greater than 51.6%, e.g., with a
concentration of *Ge that is greater than 52%, 55%, 60%, 70%, 80%, 90%, 99% or 99.99%,
in corresponding embodiments. In other embodiments, the enriched level of “Ge in a
germanium compound in the dopant composition may be greater than 27.3%.

[0066] By way of specific examples, the isotopically enriched dopant gas can comprise a
dopant selected from the group consisting of:

(i) germane (Gell,), isotopically enriched in °Ge above 21.2%, e.g., with a concentration of
"Ge that is greater than 22%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 99% or 99.99%,
in various corresponding embodiments;

(ii) germane (Gell,), isotopically enriched in "*Ge above 27.3%, e.g., with a concentration of
"Ge that is greater than 28%, 30%, 40%, 50%, 60%, 10%, 80%, 90%, 99% or 99.99%, in
various corresponding embodiments;

(iii) germane (Gell,), isotopically enriched in "“Ge above 37.1%, e.g., with a concentration of
"Ge that is greater than 38%, 40%, 50%, 60%, 70%, 80%, 90%, 99% or 99.99%, in various
corresponding embodiments;

(iv) germanium tetrafluoride (GeF,), isotopically enriched in "’Ge above 21.2%, e.g., with a
concentration of "’Ge that is greater than 22%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
99% or 99.99%, in various corresponding embodiments;

(v) germanium tetrafluoride (GeFy), isotopically enriched in Ge above 27.3% in some
embodiments, and above 51.6% in other embodiments, e.g., with a concentration of Ge that
is greater than 52%, 55%, 60%, 70%, 80%, 90%, 99% or 99.99%, in various corresponding

embodiments; and
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[ 0062] As used herein, the term"isotopically enriched" or "enriched" in
reference to a dopant gas and/or co-species gas neans that the dopant
speci es iwooohoges(es) are varied froma naturally occ®CTIUSQ01152438Pi C
distribution of the dopant species. By way of exanple, a natural abundance
| sot opi c strihution of .co ntratlosof r. ey er manj um
Lotrarl wotl ey RN RT D GRS Pt P o gt vl B
concent r aténo@iiraiioh o™ Ge kHas tsr @adater @hdnSIRQPIOEALOY, 607 TR B0gE V0BN DY or
tetrafluo%')ég% ant as are sh wn in the following Table I. [0063] Tabl e

. lsotoprc ?rlﬁ)ﬂf 6??%1’0[“?111“?\!81? 14P°"hd 1 sot opi cal [y Enriched Gernmani um
Tetr af | uof00dy | sal@pider@nsptaf @tianiurdopd®d condading dGe, Bt iehEd"GeGis 24. 2%
15.8% 72 27 12:13nt/ed germanium species, or the presence thereof in a dopant composition carries the risk

of cross contamination when such "“*Ge-containing dopant is used in an implanter that also
processes arsenic having a mass of 75, since counter-doping from arsenic residues in Ge
implantation can result. Such counter-doping in turn can render implanted microelectronic
device structures deficient or even useless for their intended purpose. Thus, the usage of
natural abundance germanium dopant gas challenges the implanter's ability to resolve
unwanted species and produce high current beams of the desired isotope, in instances in
which arsenic is also implanted in other usage of the same implanter, and can reduce the
efficiency of cleaning operations involving the ion source and beamline.

[0068] In addition to such cross-contamination with 7As, the presence of "Ge in ion
implantation systems may produce cross-contamination with corrosion byproducts of BF; or
GeF, with stainless steel tubing that delivers the dopant gas to the arc chamber, e.g., FeF.
Such issues of cross-contamination are, however, absent in implanter systems in which
arsenic is not utilized as a dopant, and in which the dopant gas delivery tube to arc chamber
interface uses components of graphite, tungsten or other suitable materials that eliminate or
minimize the generation of FeF. In such implanter systems, dopant gases containing "*Ge
may be employed without the disadvantages of such cross-contamination.

[0069] In ion implantation systems in which dopant gases containing "*Ge can be utilized
without adverse effect, the present disclosure, in one aspect thereof, contemplates the use of
germanium-containing dopant gas enriched in "*Ge beyond natural abundance, taking
advantage of the fact that natural abundance concentration of “Ge is higher than other stable
germanium isotopes ("’Ge, “Ge and "Ge), as shown in Table 1 above. Such higher
concentration of "Ge, relative to other stable isotopes in natural abundance isotopic
compositions, enables enrichment levels above natural abundance to be more economically
achieved for ™“Ge than for other germanium isotopes having lower natural abundance
concentration that are enriched to a corresponding enrichment level. Alternatively, from the
standpoint of capital equipment and process costs, the higher natural abundance concentration
of “Ge can be advantageous to achieve higher enrichment content than is obtainable at the
same cost for other stable germanium isotopes ("’Ge, "’Ge and "Ge).

[0070] To address the germanium implantation issues of arsenic contamination, in ion
implantation systems in which arsenic doping is conducted, the less abundant mass 72
germanium isotope can be advantageously employed. However, the naturally occurring

abundance of mass 72 germanium isotope in, for example, germanium tetrafluoride is 27.3%,
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51.6% 73 7.9%9.4% 74 37.1%20.1% 76 7.4% 3.1% [0064] The information
shown in Table | shows that gernmani umisotopes occur at mass
WO 2011/106750 PCT/US2011/026388

as compared to 37.1% for mass 74 germanium isotope (see Table I, above). The use of natural
abundance germanium thus causes a reduction of available beam current, potential decrease in
throughput, and an increase in implantation cost.

[0071] Accordingly, the use of isotopically enriched mass 72 germanium in germanium
tetrafluoride or germane, in accordance with the present disclosure, achieves significant
benefit in increasing available beam current, increasing throughput and decreasing
implantation cost, in those systems susceptible to cross-contamination due to the presence of
mass 74 germanium in the dopant composition. For example, the enrichment of mass 72
germanium isotope, €.g., to a level greater than 27.3% in germanium tetrafluoride or germane
is beneficial in correspondingly increasing beam current which in turn is advantageous in
yielding a corresponding increase in throughput in the ion implantation system.

[0072] Analogous benefits in increased beam current, throughput, and overall
performance, can be achieved with other isotopically enriched dopant compositions, such as
germanium tetrafluoride, or germane, isotopically enriched in ’Ge.

[0073] The present disclosure thus broadly contemplates isotopically enriched dopant
gases, and/or isotopically enriched co-species gases, in which the concentration of a beneficial
isotope is increased in relation to its natural occurrence in such dopant and/or co-species
gases, to such extent as to improve the performance and lifetime of the ion source in the ion
implantation system, in relation to a corresponding system in which the dopant and/or co-
species gases are not isotopically adjusted from natural abundance concentration levels. The
term “isotopically enriched” is therefore to be understood as indicating an increased
concentration, relative to natural abundance levels, of the particular isotopic species
considered.

[0074] In various specific embodiments, the beneficial/desired isotope may be increased,
relative to natural abundance concentration, by the amount of 5, 10, 15, 20, 25, 30, 35, 40, 45,
50, 55, 60 or more percent, above the natural abundance concentration level of such isotope.
In other specific embodiments, the beneficial/desired isotope may be enriched from the
natural abundance concentration level to a higher concentration level, such as 10, 20, 30, 40,
50, 60, 70, 80, 90, 99, 99.99 or more percent, depending on the specific isotopic species
involved.

[0075] As used herein, the term *“by” in reference to a percentage increase of an isotope
above the natural abundance concentration, such as in the phrase “increased, relative to
natural abundance concentration, by the amount of...” means that the percentage increase is
based on the natural abundance atomic percentage of the specified isotope in the specified
element or compound. Thus, for example, the phrase “increased, relative to natural abundance

concentration, by the amount of 20 percent, e.g., for “Ge in GeF,, means that the 21.2%
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70, 72, 73, 74 and 76, with 74CGe being the nost abundant. [0065] The present
di scl osure contenpl ates ion inplantation, wherein any one or nore of such
st abl e | swoapagioafsoger mani umi s enriched, i.e., increase@dTius2cioNe@ns rati on
above natural abundance |evel thereof, in the gernmani um dopant gas. Thus,

t he dopant, gas in one . C ri.se gernma te r|de or
Gor mane. TARIECHE S APRAT G A O B TICL P ErBd iy & Aatchr o
abundanCe70GeVrﬂhSisbtﬁpiailly|eﬁﬁ&fedGI@E4doﬁipblﬁﬂe The disclosure in anot her
enmbodi nen | at to r pani um dapa ases in which the dop as is
ger mani un Q26 af Mot P hirSuth Bapatcgas TR LHd ABBVE Hatr
abundanc enzitﬁ‘dEdbuhdhngﬁfdﬁBdﬁirBHBnl Soh @spﬁa thd phr®s Senfhed/iZom 3 matural 4hundardch t he
proviso in various, e t hat he ger mani e enriched
P bove: nat USRS § BEa: ob Fein v OF . 2 R T Biologs s iRy 1 de.
t hen the ecmz;mﬂae@h @mmﬁbelmbropicalqn ehifchgd eiiheht bhatmpdun6%s @e Chumeid tvllua
concentrati o 52% 55% .60% 70% 80% 90%

t hat eat e
oo0 o otsame ! phg f@?&gﬁd%ﬁgﬁféf%gaﬁlﬁﬁesﬁﬁgm T P P UTERSS FPRERTAION e
enri ched leesiebr me iR2¥eL,, fon highge¢diedntratiind vEpesDcheicant! Mieand apahte Berpasi ti on

may be greater tha 7.3% [ 0066] By | of. specifi anpl es, ..t

ot oni oo e e TR N SRR o TR RS SR Febm 1 he
group consits tretfagndafto the( tb1)msg®§/’ﬁalﬂﬁo ( Beptiddscolbgoduoip he ik | fyregoitid, ¢dtedndeno 70Ge
above 21. 2‘V ratl on reater th?n 22%

25% 30% g‘tﬁ‘/‘“%‘@%“% > §8 5 Ui ‘g@éﬁfg‘% toﬁg?n%ﬁfmf“ 0\9&%“?%%%1 ©
corres pondiemqg)to@tmmdemmehﬁds:lemeﬁu dr)co@ﬁcrumanam(geeé-kb)eqﬁt siahtﬁmmmlnbryc wankei ched in

72CGe abov 3% W oncent r t| an of 72 i.S greater t han

555 3005 TET, o tinev i, i aBoq eanon Moy oRRe SBOBe Rl e

cor r espongdrign efriho dd)tmtastttSpes ir{ thel c)omg&itmn ee.( f&eeiMippic |csmfeﬁ1rnueﬂ lgtediteeiah ched i n

74Ce abovg 0;3 Jt % O]%] a conlce trati 87% of 74Ce t is greater t han

38% 40% 5604 %%@/Dm Yiong oy oK oY, B og. HEEMTH I%Oé?ﬁeo‘ﬂsg 8¥E pondi ng

enbodi mentesrafluogidy indygsim@ii bl pdeiticreatbbdioichie enafy Ge kediched 80t 6Pk aad by 78mr,i ched i n
ntratlo of 70Ge that 1s greater than

70Ge above 21. 29 conc

2205 559% 3l s oBbar b MO RED I b OGS 5B SRR ous

cor r espondiraguosidbodicreai sjay bé\il)rlc@&ftﬂ&l’ﬂllﬂ% tetrafl uoride (GeF4)

i sot opi ca enriche 72CGe a and above
536001 n OHEE "o doahele £man R Gurihindt b ReS R uEY o S ues PR o
great er t hanbSaKantbGEUnslHOFchetOolev8RYf rOA% 1392 Brup38 1G9L or itnenvialimen S
correspon odi nent.s: and i). ger i et raf ] uari F4)

i sot opi caﬁj agghﬁgpérhsg%fl 5 T S&%lo??efrgﬁ:jg%@oga&j?’ t P{)\ to@@%c%ﬂ‘?ﬂ tPon of
70Ge t hat 95%, fisreadas 100@ T 38 pét@%auBﬂk%f ﬁﬂannZ&%mlB&lﬁ’g oﬁ{)% suBR%¥varr 99. 99%
in variou cor r espo nd| ng enbo nts oog ]IC??{BI der i n gge of germani um
dopant s cBRE&MHHg %R&@ hy 4pRe Elél ot ¥y SrEn %ﬂ%fesé?la MR Ufv speci es,
or the pr aﬂﬁmmeﬁtherm@ighpun am/dom@memnmmﬁt tliaaiatet aff the @gpldnhuion bikatioh Cr 0ss
contam natio '

g ‘f gs gant ai ni 29 do ant Z used én (gn {ﬂép| gnt er t hat

al so proc8s¥8¥Vars ﬁf‘%anﬁae\?f danB%% fge‘?‘”% DR ROEPE Jih &F 2A6PBIERY Y om

ar seni ¢ r esicteds ldvals GefrompabaraBoup 16 d00% 68t Enricliua lesals it @er d@foifieg i n turn

can render_ i np e r.oni V, str efigcient or even

usel ess f6"&th Séla?aﬁ ﬁ?@h@%g b)@)%}ﬁiof%oéngilg]dgosésg/eﬁ @%g 62)%% ﬂrérbg‘ie% %ndance

ger mani unfrd@pamts %g as omhxaﬂadrﬁmge@qstolﬁ sudhnphg@n iretudmgalat lof tychtlowerdsdiswad unwant ed
in instances

R ui on SRR PG s TS Ao el B nERuB it er.
and can r eldltm&rlttl‘b@oetﬁefam@ﬁmyhl@ﬁg@healﬂlcm1s01plaé‘&ﬁl ons involving the ion
source anthQ&]am i@o?r'espondingly, germanium tetrafluoride enriched in mass 70 germanium
isotope may be advantageously enriched to levels of from greater than 21.2% to 100% or to
enrichment levels in other specified ranges, such as from 45% to 100%, from 50% to 99%,
from 60% to 85%, from 75% to 98%, or other permutations of such ranges including one of
such lower limits and another of such upper limits, achieving the desired level of

enhancement in beam current, throughput and cost. Corresponding use of germane enriched

in mass 70 germanium isotope may be employed, wherein the enrichment of "°Ge is to levels
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[0068] I n addition to such cross-contam nation with 75As, the presence of
74CGe in ion inplantation systens may produce cross-contam nation with
corrosi orwbyprigeoersds of BF3 or GeF4 with stainless steelPCriis2olg/ordsas
delivers the dopant gas to the arc chanber, e.g., FeF. Such i ssues of

Cross-cont nation ar owe , absent | anter s i n_which
oo o1 6 o BT 15 28 W B at Rt PR T bR BB | ver y
tube to aasz%ma@ﬂ%rfrdnns@m(a%%um]s40%m9ﬂ%ntr6m(5f)%gb@p%l frem 1San@stsen or

ot her sui lagﬁ aI s .t hat etl I. mi ngtehor m n| ze thef%ﬁ ?ratl on of FeF.
In such i ﬁFB el éfﬁ?er RSpRATony 45 8% 661}%%11“8 g PAGR 6 ¢t ST oy ed

W t hout t hrel moﬂ&d‘vjﬁ@ﬁcag@@etolﬁmﬁﬂ,lelh n@y AsSappaptiani o akd grcifif QO Sdlantdtion
inplantation s m;|n n ses containing 74CGe can be utilized
w Dhout - ativey O SaFBeets Wit BORAPHeABRFSe iR B g leldhhect t ner oof

cont enpl afoesolt he mepres‘entgeirsmmw Mef0sit &bﬁthllﬁgla(dﬁ)pl@d‘lhclgﬁ@m&ﬂrdafcﬁlqﬂoueﬂ 74Ge
beyond na raI (? ance, aklé%rg advant age of the fact t Cﬁﬁ
abundance BWEé‘H PETYTBRRG O 2 PRI P HBAOT R GERR PY Ly y Sﬁlér H'um

i sot opes ga%@ﬁend/&&ﬁpplaﬁdna? :g@:); thahasBavA ikdtoplaby enﬂlctﬁ@w&velsuemdﬁ@rgher
concentration of iye to other stable .isotopes in natural
abundance“T¥8¥Bpt bonclB’RBB? 1?‘1 J)@g oL B SR PURNEHY 9 alz?flé’% g\}‘ét“ﬁaét ur al
abundanceammdzhEe D IE: @PAGH gaakvlhyn p[ekunemeyd bé BotopiddBy dnfiatiedfteyondtrakal

ger mani umg ) es havi.ng. | ower abundance c;)?ncent ra ll on.that are
enri ched 3" "“’8 r%%g‘bmf. %Oé’a%n%aigcaﬂ ‘?: C‘P eRIEFS &4 1RY RRCTVAISHY PEHE he

st andpoi nbeyohd aafurdl adbusdincp Nenll @ntiratiasess ivapics enrich@efiti bdyend matul al
abundance GO centraﬁl ondof t74Ge can be advandgdg us to achi eve h'dga?

enr i chmenfP8GHEEAT P HEIPE FH T BT A THld SHRET EH6E AFOOBIREIISE abl e
ger mani unbdiswolfie the (ddpeef the peeenadietlakafee) . [0070] To addr ess the ger mani um

i npl ant at | i ssyes of arsenic contam pation on| tion, systens
i wni o PBU S T8GRy o At TR PRLh ot BR kR R b8 ran um
i sot ope camtﬂaq)radmaanto&xga@ushmpﬁwpllﬁgtﬁ& arfdopetofmnanct e aﬂaI)ﬂJB@iréeymOlﬁd‘dJr ring
abundance c%goert’r? ) n| umisotope in, for exanple, gernmani um

tetrafl uotd& g“f‘f)n?, qpan F8° CORBAP Y PBPET196 f or nmss 74 ger mani um i sot ope
(see Table I(D a;btopleally Tirechets gedifanfuat wraluailendarombigetdnamith ixdénbusaindauses a
reduction of ay abl e [) am current, pot ential decrease in throughput, and
an increase in Yciﬁ%ﬁeﬁﬁ?‘gue?)r?a%eést [0071] Accordingly, the use of

i sot opi cal | y2ehbiophaly desied g2rngaiunBniralloride, ecdmtiialon tveh patlatkoss de- or
germane, in accordance with the present disclosure, achieves significant
benefit in incP&ast#§ avail abl e beam current, increasing throughput and
decr easi ng i(@plsawpiailiyoanhsd ,getminntulﬁos&raﬂy@icen*m soigigiegion bivih tigotopically
Cross-contam nat i due to the presence of mass 74 germaniumin the dopant
conposi tion. F%Tlcgﬁéiagr?f)ffl@e B HE” %pr%i FFetifent of nass 72 ger mani um i sot ope,
e.g., to a I(e)/ebtoglrcﬂ@t @Ficliddatorca iriBforida, Gelombination ¥t kaboh ued hgkogh ager mane

i s beneficial n correspondi ngly increasing beamcurrent which in turn is
advant ageous |ﬂ *hg a corresponding increase in throughput in the ion
i npl ant at i or(S)S;ssﬁ)pmuy[e(aﬁa%}l/&n@hoghmﬁdebanm‘nibﬁ@tibmwitnmitbaaﬁ@d doblasat e r ent ,

t hroughput, and overal |l performance, can be achieved with other

i sotopi cal |y efiri ched dopant conpositions, such as germanium tetrafl uoride,
or germane, (bpobopicadbl éntickar babe drifluoridd Ga. combination with isotopically enriched

diborane as a co-species gas.
[0082] In one specific embodiment, the dopant gas mixture includes atomic mass 72
germanium having concentration of more than 55%, e.g., more than 60%, 70%, 80%, or 90%,
based on the total isotopic species of germanium that are present, to provide a high level of
beam current, improving both throughput and source life.
[0083] In another specific embodiment, wherein the dopant gas mixture does not
comprise germanium tetrafluoride, the dopant gas mixture includes atomic mass 72

germanium having concentration of more than 25%, e.g., more than 30%, 40%, 50%, 60%,
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[ 0073] The present disclosure thus broadly contenplates isotopically

enri ched dopant gases, and/or isotopically enriched co-species gases, in
whi ch t hewoaentignstsat i on of a beneficial isotope is increasas20m/oeaBati on to
its natural occurrence in such dopant and/ or co-species gases, to such

extent as i prove the performance and lifetine of. the ion source in the
Con 1 ot aA G PEh Syee sl B KHGR GBS wetist b EFaRtipgTLy St BT Wi ch fhe
dopant angieide 6 @igh pEci & e GasLSnameprondbg bslothapikak hnd sadictibeed from nat ur al
abundance centratjon levels,. The term"isptopically enriched” is

hor et o o BBMoC" Ul SPeb Tedin PEalifhy: tis RRET el el uSothis bt

rel ative tassrvatgdmn@hivabiunihgrochenieh sf mat thah@spas.b.| tutdealiani 36t o@h.cS0SPECi es
consi dere [007 n_various specific enbodi ments, the heneficial/desired
oot ope. miy TRk At el BPE BERE o GoRRR G ab BEAHEE TEDRCaRETh P on by

t he anmounpro@ide highliBelsld,beZ cuzdnt, 43Q,cod&portihg d&reasbin thbughplt aid Jvbrce

percent, E%ove t he natural abundance concentration |evel of such isotope.

I n ot her ecific enbodi nents, the beneficial/desired isotope may be
enriched {0085 t hebdpahiwaatonglokinc@ans epecidin @abbdimbnt06f thediedlosufe @n bbghee
concentration | evel, such 2S 10, 20, 30 41? 50‘&??0 YB, 80<V 90, 99, 99.99
or more pérEEHUHEHEHERRGEA B Ao ePinalY dorpiieaBt & s Y PHYBI Bad.

[ 0075] As ugpEmbakledal inclddes dt@¢adn Sdayol aidiluére foy @i Gecot spe@espas, cad itagpidicr ease
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70Ge in GeF4ﬂ mcalani?t hat the 2]1.2% atomnic 8er.cent nat ur al . abl%ndaﬂce f or
70Ge in GSEATYOLIF fhpels ooy ipe 5 sueh gerpasym=cosiainipg, compo PSRy

i sot opi cakidrithehih clhedeniBeHincaBNPbheingtrmirdd 6uBflugntiy asient inhud ik@spidally 0" 1 N

reference to, a percentage of an isotope.above the natural .abundance

oncent r ortnd RERARIATHR £ s R0L RE RN S R R R AIRARE nance
concent r atirizhed @vedrmbgiva &fi Giver70capceNtadi o6 Olsetmi@iiments” magatudt hat t he
atom c percent. concentration.ip the isotopically. enri d el nt. or
oo R SIRE R i il e D R 4 PRE g At P T P s
"enr i chedehb@imdnemag inthet gadmppthan ceatt@hde ioropichlpnedrtal inf germadze dfn GeF4
to a higher c ntration | evel of 40 percent, neans that_ 70CGe is .present
o o A ROo T R o FRndto RET @B OT e BRI 1B per v se
speci f i edgérmatiumitéthafin@ider ndetopio chfvdngrafsuchlydss o isoto@ mayrbepivags ém@h ogy such

Cnder st 0odl €8 T 80 UAP anfic S5 BLRL O LoriBnt T4t RBA- 71 RET Lot apreal Iy

enri ched e9.emeirtoos0%Caimpedind ihplvinaigatione aapewidpicCenrdrmnédt firoad amuo®sice val ue.

[0077] In various enbodinents, the beneficial isoto ma increased to a
i or - por PBHEGHTE b Sl ey FRE HE Ryt B Petenb SRy Sor opi ¢
concent r af(0o86] gr dadpaiit fdatonpOitior’ ihh&@haosmpedinidnGNmay-atichek anpt@aniuhie mass 72

ger mani um i sot.ope in romgniumtetrafl uoride a ermane i.n specific
arbodi ment @ G TSR CHet: & 0 i aingy B3 Mond AR piwR T e o er
speci fi ¢ enhodioffenbs, helilie hya®gen/ Qit@e¢nyamnmunin iasdk@pPe, wherdrethagerniafium-

tetrafluoride .or germane may be .enriched t 21.2% [0078] Accardingly,
or mani P TSEHSH PR SRR HRN B A R kB G i U bRE Ty b
advant agedusty centd. dheohet emb@Meds, dic dspann ais k@astitiba Ynelpdes oget@fymor to

enrichnment | evel.s in other ecified ran such.as from55%to 100% from
50% ¢ o o0 iEHs #l R P b B O P G e BT RR B RE r Such
ranges i nal padinaguang ofissSUcy2] asver4 bi Mot sndamdasniet Rebodiiesuehergippde |imts,
in which a desi retd | evel of. itnc.r%fse i gdbeam cur.r ent., enhénghgrrentt in

t hr oughpu“ 24 8r e??’?ﬁ’%?‘ﬁe& BROSHY cTER A a0t EFIFFUP L P81 ‘antSt P8P Sper at i on
i s achi evedttich@edt i nehankd Thiedopenmayais:serabier geun IF oL mei, gehepdaiBi/ s %,

advant age I nrj.ch o} % fr ve 3% 100%..0r to

enr i chrren?ﬁ’e&?jos 7:0%0’ g}t%lzgergdg‘gegé ?1’ gg%r Qﬁgo]e?%%s u%qﬁgqésorf ?%?%o‘% ?pg%lilﬁo% from
35% t 0 85¥mplémanmtiddmbdis60pfe chiicdimenOfoihmn D¥sudhr mumeribvaIne4 ofow 100eis

pernut at i onz of1 trs#Jc.ltL.r%n%esdi ncl ufclhn onted.o[ such lower limts and anot her
of such uppPer B V'™ 'R “WAT 8Pt he "desi P ed™ i ovenent in the

af orenenti oned process characteristics of beamcurrent, throughput and cost
i s achieved. [0079] Correspondi ngly, gerpaniumtetrafluoride enriched in
mass 70 gernmani um i sotope nay be advaﬁtlzgeousl y enriched to levels of from
greater than 21.2%to 100% or to enrichnent levels in other specified
ranges, such as from45%to 100% from50%to 99% from60%to 85% from
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of fromgreater than 21.2%to 100% or to enrichnent |evels in other
ranges, such as from25%to 100% from 30%to 99% from40%to 95% from
50% to 90WP 2hrionw738% t o 95% from 80% to 99% or ot her peTrmst@tiozssss of such
ranges including one of such lower Iimts and anot her of such upper limts,

as may be ropriate to the s ific ion,i antation operation and

o par at v BRLeP oh ik dub e, PRSI G b QiR e Ghe”Re BatdvPBoso The

pr esent dplsaeésqs»ufe&ut hepedteuemant emgrainga dofet 86 hhdwpli’diﬁzﬂty aouppléénon ed

lifetime and perf rmance of an n source..n. aH on |rrpl nt.atjon.system by

usi ng dop&tit™ d’é%vé aRdParn §?}’|5%ﬁ§ Frgfitcattiog 24 danis H3raTh 8RFeh Oén“ﬁpls“B B%Ycal ly

enri ched tvaerkiavied Slp]blefhﬁﬁzﬂfg@s’ ﬁcludﬁmowast iofle bﬁ)zndﬂumill aanhit 4 @pspeél[@segad,mpant gas
eci es

may be isotopicall enr | beyo nat u abundance, or t

gas when: SreBedf atyinel PEGoRl ERIry Biriined BeyaRa iueles teitidince. or
bot h t he doppinillygasceodohh@eno- speC| es gas may be isotopically enriched
beyond na unda atio sot i ¢ _enrjchnent beyond
et ural " abifaneat AT vrhgEhaR: SGaeae rdie Bty Ty Bl ) et
gases, ar gfedmn bembﬁﬁcﬁfbea&aﬂ”ged nggevtrhibiichid do@ing @p)e}b&s ofr idnigpph@s@nirom a

di scl osurﬁ [10081 | es of ,dopant gas mxtures hat %{1 be USﬁfull

enpl oyed foPAPHR H‘B‘P? usyre § FrRar eas BRI e B e OP%PHg?ﬁo GV8ITTHEE i e and
per f or managpieanl daonvisadin de sumémnﬁal 2 ihdlodis al lendt oa bondindapantingas

t I hed t fl i de,
[ Conbi et SHOWAEN LBRBUER A DAY UEn” el e AEba 2 r St B cal Iy

enri ched ggplaRhtbipat, eddhalks msotﬁtecallylmwhmm@bn@n vm th gerrrane as a

CO- Speci e S i sot cally enriched gernmani um tetrafl.uori
Coror ot RSP 1 A Snsh BRI o BN SHES rlRE LM R TRkt ' ()
i sot opi catdmyprdtgiaciopaht BBrsomrcd :lirldfalnld)@ﬁd)tdEsupple&ﬁﬂighﬂﬁbﬁJfoemmélﬂﬂea)éEBf)lhe and
hydr ogen as di |l uent

ase 5 |soto enr bor n trlfluorlde in
Cony nat | BR SPH TBRRE diehing Peiee g & R eBRu TP ERE ched
boron tri fdcuoini e systelfh edaplod nat mﬁrnngftthe deahtogis ad |stypp&ﬁl’fehﬁhgd difb@r ane as a
CO- speci eapg 82]I one l?em flg od rnenil the d g%% as m xture
i ncl udes SUFGHY &S ‘éreﬁ‘ FRIERT MRV H I&eo‘H‘éEﬁ PHR PoHaBE B FE Y AR 5504
e.g., noreaophahads 60%re 'ﬁ@%th@ﬁ%ngdbc@&%erémmedumntehel gasﬁlaslludie§ﬂﬂ@pt| dhe Speci es
at are present bea

o et oo o8 it B st St stsopRENTE Pt o s P apbaiEh o™

enbodi menpresant) eieaiupplétiantd @paintludia an Fotopidilly deiets:dRotponent. Thus, the dopant
gas mixture can comprise a dopant gas and a supplemental gas, wherein both the dopant gas
and the supplemental gas include an isotopically enriched component (e.g., beneficial/desired
isotope), or the dopant gas and the supplemental gas can both be isotopically enriched in
different isotopic components.
[0090] Additional embodiments of the disclosure relate to use of isotopic mass 70
germanium dopant gas and/or co-species gas usage in ion implantation, wherein the dopant
gas and/or co-species gas is isotopically enriched in atomic mass 70 germanium beyond
natural abundance level, e.g., a level of at least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 99%, 99.5%, 99.99%, or other level appropriate to the
specific ion implantation application employed.
[0091] An additional embodiment of the disclosure relates to utilization of a dopant gas
reagent including a dopant gas and a co-species, wherein the gas may be of a composition as
described herein, including isotopically enriched dopant gas and/or co-species gas
components.
[0092] In a further embodiment, the dopant reagent including the dopant gas and co-
species gas is arranged in the ion implantation system to be flowed to the ion source for

supply thereof, wherein the dopant gas and the co-species gas are in mixture with one another.
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conprise germaniumtetrafluoride, the dopant gas m xture includes atomc
mass 72 germani um havi ng concentration of nore than 25% e.g., nore than
30% 40%wbQ%1/186%9 70% 80% or 90% based on the tot&CTitset10pRE8Epeci es
of germaniumthat are present, to provide a high | evel of beamcurrent,

I mpr ovi ng h thro ut and source life. 84]1n still another specific
enbodi moai e db SRS suPRfuiy b fopnl G e sePiris e s GRPRAMIL I havi ng
concent r atloweld 10 fhertod @uich @t idbAio®thgrein. $ih&edubidial 32%4tiod Oy bSQMludLlm 70%
80% or 90% based on the total .isotopic, species of gerpaniumthat are

or esent, £ BROUT GBSHEGHIIFES St SR gash 1P Fbe e Cor PEY Fon i

I ncr easesspetiet Baspuigii@ttatiadyg tsOtesp@etiel tfnge-bdsQDBSIDapabd diga&nCampgpsdttdfons i n
speci fic enpo inen%g of th§IQi C|OS%%§ an, ¢o k&g a gﬁ%gagiun}containing
dopant ga&§*antiopt TOREIF JPoar A DI PERET LI OPY R PSRk EFH Y HE S libpl ement al  gas

i ncl udes pgIN94leastThenabwdhicanhsli ik d@Nimpdasedaniih @onkOsEpiec iresccg@snce avith thhe dopant
gas conpositiO@Vis isoto&j%ally.eﬁriched in at |least one Ge isotopic

speci es. BGRER UEAHES PR AR Y AY'S BB fi ¢ enbodi ment's i ncl ude i sotopical |y
enriched p@psiane, Thersuddtiar may ibéedifconsatiopi cabitly, @Miunt hiddey ek mani dmer
tetrafluoride, qr alternativ both iso ically enriched rmne and

or mani urPUEEE SPGEF BT PSRRIy S Bt o R S e R o

t et r af | uosibeeatssheitiedidno @répyre A oQEcuSHIC Rirgeureaivl tiahdaniriie b Agcreddponient s i s
isotopicalk¥ enr&ched. | n ot her %nbodinents, when germaniumtetrafl uoride

i s presenf%® SV SOPERITEEF YRR ched form the dopant gas conposition may
i ncl ude gpVAGINI UM t@lid afnhhodificdie, Heodudbptataklay teniniptdhed fon ng@ofiemictrof of nmass

70, 72, 73, .74 or 76. O her enbodi nent i ncl ude ger mgni tetrafl uoride
{Sot opi caPogieh MBI AP RRRLLAGE Tnsa! 76 ecpgigs® Fl e, ddosGer e,

enbodi mentysplitae to i@l itPRngesmapplicarvisel aaf Juitailé daraceot opi cal |y enriched in
ger mani u mass, 70, 72 or 74. 1 n some enbodi nent when ger mani ym of mass
I e or ol™E S S s oo e oS RIS REFI08 i R ReMer St such
mass 72 i sghope indydife agesalt kividehaninbeliob Ypluge gind agdopaiitedoniphdiorb¥he 55%
60% 65% .70% 75% 80% 85% 90% 95% 99%, 99. 9% ar, 99.99% j n specific
il emont HSheR ey R oot HrerRiine T L SPELEAP SR EED Al ues of
to 100% i Sudhaivpanpbrapeiiowsippiyappireubmagade seapeal of céupiingwals emtondbwed, osur e.

[ 0086] Dopan as c n@g 'tﬁons.iq othgr.enbodinepts n?¥ ipcluge a

ger mani un¥ €ont eﬁ?sn%‘ ° aﬁ?};‘)@o Sh L H PR e PR S B S P YR e iR

t et r af | uotémi®pertnfontXdctifigappidptiaie llew of depaneompositicgan he el souiae. hydr ogen,

opt 1 onal | JRPE T efiied Ry ¥ EREaE G, R C RGeS 72, 7
74 or 76. inhpland p@cepbeahienirding heond agadtof gaeslisclosgpasi ti on i ncl udes ger mani um
tetrafl uof and_ ammoni a, , wherein t e niumtetrafl uoride i

ot opi cal88ienr' T AT Mgty MORSCh P el DA bR s st Y502 76 ang
i n anot hetonediioglibaeng , anwiefier notuie gadimpn Wopdnetdaaftharoii deplicsl fdoibopi cal |y

enriched in rmani um g S .the.isotagpic enrjchnment, of such mass 72
oot ope. PGP S By HasdRae 520 Byl B SRR P s SRt 6506
70% 75% a@D¥gpe Bl veRXBLMaylndor a98%coRinB¥acorbed n@8ki ¢h sifeciht depant gas

i npl ement ations, and jisotopic enrichment fromany aof su numer i al ues of
to 10006 1 & Reanr vyl i Borar RS BFoain Lieois Bie Phsatsh bl el Ssur o
WO 2011/ 166d@60PGHetGRA1in 263BBnf, A08Tdhargo m@ni {hk wsiselat Theesoshehodédimnt , t he
disclosure relates .tp an ion inmplantatign process, . wherein a dopant gas
s ure. cBMboEd e atud ST geRRGh D S ROERR, HRiT b in 5ReM

provi ded t@nagcialynavadabic o TMje er @anlony,dfonha@ritwe, d$paniderspecademaikor

i npl ant at |.Qp, rein,the.s | enental gas.includ at | east e of a

o et - oS8 aa SR, A B e TR, B PR TR Bt 3 e opant
gas and, wnetinipg @eeninord fiessst prhlamenh e igasor volale wies vesell Soh priwmead-| y
enriched conponent . [0088]1n. anot her enbodi t he discl osure ates to
Cor ovi ng SUREB s SrarFe Rl Aty SRS bR dh, oyt SRSt UsBher ac e

i oni ¢ dopumr gpeacidasark MAG.oxs 4 Bl futhat dleimativeo theavegolpmng c@@sn thealvpdntSi ng
using a dopant gas.,m xture. conpri.sing.a dopant gas and. optionally.a

cubpt ement it egudany il s EE Bl iR Sy FRErSRELS R R e of &
di | uent gastandtoageaaats piecdopsnt@asas angotvhadoeomnsubllimteagirodnoe Safd dehieerdopant

gas and, when present, the supplenental gas, includes an isotopically
enri ched conponent.
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[ 0089] A further enbodi nent of the invention relates to an ion inplantation
system conprising a dopant gas source and an optional supplenental gas
source, wWhonreimoemeh of the gas sources is arranged for Pdirasensiongss
respective dopant gas and suppl errent al gas to a mxing locus in the system

adapted for mxing of the dopant d su al f orm a dopant
Gac’m xt ures T tEh NS sirppe ebRery BOFi T RSt P EoBF T anged t o
recei ve t hisAgopRnthe gacnfiik@rorepf rom t he m xi ng Iocus wherein the

suppl enen as || udes at | east .one.of a ent gas and .a speci es
gas, and t@i? in Iﬁ?ﬂ]‘egéﬁ ONEES ?@%@%ﬁ%ﬁf%ﬁé@famfl %%Wllﬂﬁrécégﬁ%s t he
supplenennam3@@&mkﬂ@guﬂﬁﬁx@ﬂvwﬁméB@umgﬂbymﬁnﬁg&hedn@@ﬂnemaﬂk a fbeugas t he
dopant gas m xt re c qprlse a dopant gas and a suppl enental gas,

wher ei n b%?%‘?ﬁ qﬁgﬁ ﬁ?s s and the suppl enental gas include an

i sot opi cafdoyomlnr i Thedoreg@npadepénsing vessel 302 nefuded alddashd 8ok dosplb@plegas or the
dopant gag and t he, S| pl enme taI as ca botg be .i.sot |caI rhched in
p i g

di f f er ent " P¥ oGP CofpSieht Epe“[s ég'ﬁfA di MBrfaMihh S I?Pé’ﬁ?égo(f"ﬂ
di scl osur eptfoahiatjginddoin uise (©disdhat tipé 81TASFestite gaisora1D by dopapbsegasthand/ or
CO- speci e saelnlonl | ant a erein the dopant gas .and/or

co- speci eE S30. 1SRG b ot TRy PR Y MR Sp oD Be OB RE ap SR bevond
nat ural abanmdaace n{a@vte:l cou@leg witla tHee, aﬁfﬂ igtrfdced stith38MroB3 nansdQvh a45% 50%
55% 60% SS(V 70‘V 80% 85% 900 ; 99% 99.5% 99.99% or other

| evel appPoONF (%r%t ‘% %f ??n&m Sé’?{e %ﬁ“&?rf" SH- appl i cation enpl oyed.

[ 0091] An gmamp ornalle nﬁﬂih@dlnammt 3(10)fa1sbheusdd1 82y bSjvired freflét esmihinicttibh waht i on of

a dopant a dln s and a co-s ci wherein the
gas may. bevarEamh et Bt e ARt R S R SR R BB el 1y
enri ched daphntay gast @sadkor dlﬁereﬁtp@pa eBtigas oﬁ@mmaﬁ RhGwhitDDGP bd 6f aasalfnur t her
enbodi nment e do ant di he. d t and co- eci es gas
i s arrang8d tjf%reflthté’ ?Blnre;aﬁﬁ'?g V%ffﬁqg’lqgsab%‘%e (i“(?e FSS%@ P { RSB sour ce
for suppl yoritdire h eiddent yetrdi vasstih®4dogyaiot exg 1eaj@dtamrvecoegpe<ﬁ@@s eﬁra@s sare in
m xture one anot her . 2011/ 106750P éU 12]%tll 02633@ 50093
urther oBOUPRBAE TEREiafas o gae Cﬂ?j‘alfl’r?g Feplérod gabrapa Slenci ar1y
fl owed t odildeet ga® Ands@ ulieG®- sbaﬁeslg@:nl zation therein. Such sequentl al operatl on
may be co E@{]edeéun any sui Saﬁ#@ ner., . t| lizin qu*l & 3};1
of the re i ve"§opd 5% ‘83 %3 2 g4s’ tp8?’r?8t?\)” %?i‘ the
respect i veectiuedra-vans @ehdf 38@Wl§at A he cd)uf)lf:d? wihtsuppienicaspestel ddedame Bo@tiher , or
ot herw se., dulatedpil r vi d trat.e of .desired character.
[0054] The' RuBbr TR e Py S8 Ao R i ff s S EauERES R EERor dance
w th the preseértlvehsal 333urélventad bez of coaplyd susupplomenttlyyeesel feed line 368.

Feed lines 366 and 368 by such arrangement deliver diluent and/or co-species gas(es) to the

mixing chamber 360, to provide a dopant gas mixture containing diluent and/or co-species

gas(es), for passage to the ion source of the implanter. For such purpose, the supplemental

vessel feed lines 366 and 368, and dispensing line 372 may be equipped with suitable valves,

controllers and/or sensors for manually or automatically controlling the flow or other

characteristics of the materials dispensed from the vessels and such valves, controllers and/or

sensors can be coupled with or connected to the corresponding feed/dispensing lines in any

suitable manner.

[00104] Such valves may in turn be coupled with valve actuators operatively linked to a

central processor unit (CPU). The CPU may be coupled in signal communication relationship

with the aforementioned controllers and/or sensors, and programmably arranged to control the

rates, conditions and amounts of fluids dispensed from each of the vessels in relation to each

other, so that the dopant gas mixture flowed from the mixing chamber 360 in line 312 has a

desired composition, temperature, pressure and flow rate for carrying out the ion implantation

operation.
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[ 0095] The substrate may be silicon, silicon carbide, galliumnitride, or
any ot her suitable substrate conposition. Substrates may include

m cr oel ecwoani1c106®0i ce substrates, i.e., substrates uti lPCTak2010/0ps38par e

m croel ectronic structures for manufacturing of mcroelectronic devices or

devi ce pr or C nents. [00 n. ot.her enbodi ts, .the.substrate ma
bo/l oo P fREbSIor (R ATRAGRGT weteBr Bl b o DRl EHRRE AP Lt g ke © ™
panel s. | Bl6netdivibethe egp@midapgant Batmikie: fins GhoBlArned pseapphh mabkan 8@5.1 on
i mpl ant atj.on. appl i ions of an itabl e character 0097] I.n one
emboai mant P FRERH 4L KOS Bhrdlly MR fe 08537 i e s Ee AR ek s uppl y
appar at us andniejetislind gosal@sgedbnshavi ng an interi or volune and a dopant

it in the i i I in the.d t jti b
oMoy sultbatle’ Tk Heetel los b Hibuen e R an® Sty B poar ot us
may be ar ddarged éledrodauplo. NMfe weduhin@MotB& $@UBM, is€ingpingedypn NMBARGbs@fite SUi t abl e

flow circujtr f ai ni ng  appropri at.e strunent at.i gn cont.rol
Comonent test 338 PR B0 uRBRBRE houS G S Srib A a0 Juf FUk S ne i on
sour ce. [ OQR8]iRefietsi REdapOe kibsirite addeaivddng Sormhal dopedlstiugu@. schenati ¢
representati of .an ion. i npl.ant ocess stem,according to e aspect of
tho i sl Boi0A ©rubaspiiae Pt st eay e S SoentrdBEeE ot or age
d di nsds3@8,\386 siel 3430 todlpind 2basarnad 349, eBficetivedy. | hol di
dopant ga ﬁ‘*i&gt e Suppl | 60 Tor Lan L upl antation Gopi ng. of . a Substrate 328
in the i1 ROUHa dAOZORY B raRGIHAIRAR 20 P @PLPOMRGES SHETACTERE] ng
vessel mayw bhethof apedt P eheCdisd @il Nthe FISOP bgsdm Detlimbated reombkpoilidghe wilbpant gas
i hysi cal | d bed f t ft i t bei d bed
1 om s he. BopbLRs DhstTRsRaLs ar CpSis R Eanirth B 5P eh Sl uE "t P om
t he vessetespeltie Gpabent artedpplemedy ghevassOini adiqrhasaitgadragenadsendant
materi al. Sorbent-b Vesse of such type e co rcial ly avail abl e
P AT Rl T Ras o “SLaRh St has droeripe i sty SORERE P h el R e
tSAGE. Al tfbl‘splﬁ_ti‘i'e‘ll}eﬁly its ikpenvias siat. B@.yhibﬁrrﬂfgeliaéhttj tht él_bwactfl s pomsat efuhe?ul at e]g
e, containj.ng one or re pressu regul atars in e.nterior. volune o
L hoCy esooloraitn gy & earal e & e Psu el Ma costtiE i he skiednl'e -t rom
ATM , | ncdisgdosind liney to Gigiivve élecaad flonJSAYs atrfder ratehatidsr @denespectirdGasdsna sti | |
further alternatiye, the vessel, may contain the dopant. source naterial in a
Lol 0T ormeE i | M8 abadiy Foaghod et et s R R SR G o0 ¢ o
cont ent s, piooesge naiitat(®h e dbip@anic gascas massafdor ica@idlen @h beuddjuseatihon

product. Solid delivery vessels of .such.type are mrercially avail abl e
Pr om AT e SRS 9 ERERISe PrtiSE PP Rer R T AR aY Fhcermar k pr ofvap.
[ 00100] I n[aeI€d] 1,Intlhethst spagef anpredhsfiensunghy égaml a3y Bonupplicd@istha
cylindric vessel. wal. i

. ﬁl ssel. It r?é(%4ne.ncl %si ng an i ntleerein [ v I urre hgl dei n d} he dopant
gas i n anSHESPEEA &PAYMT CamEPs s R U Ghent el ol Hle QY

[ 00101] Theo-gicocage, anshich gpanisiungoivepselgadt] supplkmces ds wadovainieada 308
coupl ed | g‘lngg Ssupply vessel, from which the gas mixture can be dispensed and flowed to the ion
source of the ion implantation system. For example, in the FIG. 1 system, the vessel 302 can
constitute a single gas supply vessel (with supplemental vessels 362 and 364 being absent)
containing the dopant gas and supplemental gas mixture.

[00110] Such approach may be utilized to provide germane as a dopant gas in a mixture
comprising hydrogen, an inert gas or other diluent gas, as a co-packaged mixture that can be
provided from a single supply vessel. This is a safer packaging technique as compared to
high pressure 100% germane, and enables germane to be used as an alternative to germanium
tetrafluoride, since germanium tetrafluoride can in some ion implant applications cause
problems with respect to source life and turbo pump life that are avoided by the use of
germane.

[00111]  As an illustrative example of germane gas mixtures that can be advantageously

used in the broad practice of the present disclosure, as provided in a single supply vessel, the
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fl ow communi cation via a dispensing line 372 with a m xi ng chanber 360
(which is optional), joined in turn to discharge |line 312. A pressure
sensor 3MWOoreay/te7sdi sposed in the |ine 312, together w PoTAISAMEIH2E3BOW
controller 314; other optional nonitori ng and sensing conponents nay be

coupled with the |ine, and |ntterfaced W t cg)nt#‘E a%s such as actuators,
f eedback BHHRGHPHERE Lo RYPR QY STSHEPIEYE 1 yolmeet &gy P51 Phe i xi ng
chanmber 360 tathisolithe us éd drRpoddeon, Of D@Cr $uitaiblé @BhCAFANLM o€ @trinane, Witbththgas f eed

i ne 370, i.ch are cou plenental u vessel s 362 and 364,
oner of Cuhi e Bl SRR g R B ap e LR e B e B RS e et hes
and whi checimmy ndﬁﬁal(ﬁbuﬁiaﬁ&f’@rtﬁafneﬂcbrfg%ﬁlﬁaﬁa'that Mﬁﬁ)tdpfbanﬁér&ich@nntw(ﬁ}e\tﬁé?{mor 302
above desc%lbed Véssql 362 gag r gqg e contagn a di |l uent g i and
vessel 364 NHeR TPHIERIDT 8" EEATA] hr‘? 81’%? S PUEUELOPRIng 2Epmans I8 PPEIA Y o ¢
dopant gasthéiwideido@picalnerdiehdalrie paeRtone CRItcddpid dpeciéshe dopant gas in

conbi nat i th the diluent gas and speci es gas.

Co0208; o s mih Bl bt a8 T 3R i oo f o O RE W RS et <5BY i on to
whi ch i s gscumhadrmaniiah eafheade, 38Dcieltatodrse lifaid ivf ﬁn[ﬂmmbﬂéys\ldnishn gtippl enent al
vessel feed |li.ne 36 ntal, vessel s foormed

nanner |.e
WRCh e o S For it S R SRR R B el o e
head 382 bmicagiyphag bk osaopile nmritiad ivesdedst baedel nsdftepla(iﬁecwEeeHy luking s 366
and 368 by such arran enen& del i ver dil pyent and/ or ge i es
e gt et PSS S bt A G s i
and/ or cogspeaiu@s tgasifregdn, afdohydpagks agastit@entshel amOﬁlal(NEE) efll ehetverpl ant er.
For such 0S th uppl enent al S f eed S 68,. and
i Spenct niHroRE fueris b BRe SR e iR e (1 St oF Rl 8o MRS PR o
and/ or sensaiF.,/Nolk nﬁﬁﬁﬂfkahllylt wastaaattﬁnﬁﬁnhaﬁﬂ thy halogenra@tlk iwigir dhe idnl @wrcor ot her

character tlc of the materjals dis fromthe vessel s and ch
vai ves, -cBit FoMepshartre Llnd: & GRARBe i gbR e BF To el ElE to « he
corr espondmggedcea@kdtdigsvpm&iamgdel dn%ﬁaﬂtﬁatacw sui t abl e manner. [00104] Such

val ves ma tur be couled wi th valve act u soer v ked to a

cont rai plBLEYC oSt o i O SR ST s e s gigtany '

conmuni cat/armty dsfadnahgeﬁreﬁﬂm fin whd Emtiddgneaf, cerm@ngdscngdy eosdls f_dr |aﬁl|fr®nﬁnldﬂ or

sensors, and ogr.a d to, contr S

arount s oty b ae IR R e PR oGt Bony WSS R e BOh kS ach

ot her, soathaflotvbetodbp@ptogas jmexbﬂbaed aawadayf Heanixédygridiicopaagige thandger 360 i n

L;Pfy?ﬁg ggfasst ogve?solghel;ljeﬁpqrgﬁzfe b &?e%ﬁg}ag?pffr aly gt andhe WhQoftnd of o, rate for

2011/ 1067 %0RETHUG2&hickt026388 [00105] In the illustrated system 300, the ion

i nplant c r 3 C ai ns. N, Source 316. recei.vi ng he di.spensed

dopant gaﬂﬁﬁ)‘ﬁt ur’gg'ef‘}aﬁﬁtw ihé"s 25“8891 ek graLing |“8’ht“r6e%ftma‘§’6‘%mafﬂ i on

beam 305 @Eﬁﬁﬁﬁﬁmtté’lfaﬁll@hiel1h@nym1$t3blamdt1y€@bp¢tﬁd)ﬂs S2Be whviclhd.sel ects the ions
e non: sel ected ions ] The sel ected ions pass

needed an Iigd eCté rther t tive,  xenon can b oY, %g S uppleme
through t R hdcel &Y &t PE}?? I PERRP 14, §2p1 and thea" e ger f&eth dn
el ect r odescpaddee.sugphevases uhftérmging dspm&di ﬂcﬁﬂﬂthbelamy \&sdemen@ﬁdl d@afbé ime;es ubstrate
el ement 328 di sposed on the.r te% fZ H? @43 T go mount.ed ol [g ai 332
The ion b&4H 18?‘%8‘86344? NS Ut ed" o b P a{‘ﬁ TISERES aFélp %‘B‘Tlﬂ‘ dt
forma dO@z&dnSitg’al;l®é%él&ont[aﬁﬁ%0@]ﬂfh&;dé&&@tﬁ&frﬂn\®wszﬁﬂldr @axsnadifunt tagaflvoridd. rrpl ant
chamber 39&6 Srréseengenga )ye%(t)ne gn tthe gas glproduced to the ion source improves source life by the
sputtering effect of the xenon on the cathode, to remove any excess tungsten that deposits on
such cathode.
[00116]  The disclosure in yet another aspect relates to an improved ion implantation
process that comprises, consists essentially of, or consists of flowing one or more isotopically
enriched dopant material, such as for example germane or germanium tetrafluoride, into an
ionizing chamber to generate ionic dopant species, extracting the ionic dopant species from

the ionizing chamber, selecting a predetermined ionic dopant species and implanting the

selected/desired ionic dopant species into a microelectronic or semiconductor substrate.
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lines 318, 340 and 344 by neans of punps 320, 342 and 346, respectively.
[00108]FIG 2. is a schematic representation of an ion inplant process

syst em acwondimigetso anot her aspect of the disclosure. TRETRIS®1122638%t em i s
nunbered correspondingly with respect to the sanme conmponents and features

of FIG 1 th tem ctlved an as an
Quppl oertAtt7t 2o Sulup EmPARRET. B e TG e LR B S SORARL rdfe 20 of
t he vesselwsnadb4 ablaﬁanoamdn&ﬁﬁauhaswan&e]paﬁ@fe mass 2b) 25\1\/3@;(3514(1)% 6I0 &4, 400

d 402, ti | ts di | th
o of GBEBPRGH pRit 15p™ ot o el BERTUARS st DEruSy 1Mish Pl SR S etir et e

mass f | owb@efitifltltied idompt ey &s smmhad ﬁdndlheSrﬂ&mﬂlaB@dbmoﬁ eondemraaeﬂ ievaosel ect ed

flow rates  or flowrate atlo S operatio The
respect i v& RIS PN Sh eP’%Islu Ilr@%bés goegbt g@ fby%ﬁ’l %L ”&I t%er‘aengent ral
processor d¢panding GiPldhe iinyurMbehdaﬁq&elemsqjaﬁé speelﬁrmscﬁo;ﬁd @[w(;e@ mvobkd.erfhe can be
adj usted in ra as necessary. or desi ra e 0

oper at | oneBiEPRE &y S SHTERHT MGt R, HETOGL e b Tor DifeppdisEher

di scl osur eonc&ﬂmau@ioaamh 'gaSpenalyl cbﬁes‘pbmm{gll}eﬁcﬂeﬁhettlhtequfaht[tﬁ of thasstoajpeaq tha a

m xture cont ai ni ?ﬁ‘ re su g gas(&ggd ) Jnue t and/or
co- speci e§™ gam- ‘E’Pu y{ an’i:?{lfe 08 18? BPHRE B §H‘3}1 s’f‘ﬁﬁBli‘lEar?‘é gas is
cont ai nedsysrema &hdﬂgd eprS@pqakytmesaﬂize fir @enwhivah dobee gasntathing uke loan be

di spensed and f ?ﬁ?e he |o soyrce of the ion inplantation system For
exanpl e, PHEWAl @Ouft%fﬂetsé‘ﬁﬂe tHE” FRLEBI M3 PEan constitute a single gas
supply vepwels)( V\AIh fons pepredembadimv@s 5 @brmadioR @mdludtde gzelcngalatmgenﬁz%
containing the d nt 1(éas and supgl enent al a m xt ug7e % 0110

appr oach V%"é‘asﬁt SEHYB BRI ée‘é%arnﬁagﬁ% al&“’%lc?p t gﬂg xt ure
conpri Si ngerhyaiti@gesiopeanr i MExtireg&E ot ga@ésherusah hﬂJ&lBtdogﬂlS ma&siala IIC@ncpl&@ kaged

m xture that can be .provided froma esu This is saf er
baokag: ngPELER RS RET b AEapRlRY b oHRHT, FiehPirtnesg ?-g%r%%{ﬂlé i BBenabl es
ger mane t@erblemumed)t@ﬁ & Perfwhiicegan abitvi@ink & ga%amrmmnmm@%ﬂnmmndeotopd nce

ger mani um t et r de ca n i np ant applications cause problens
with resp& ?{mixur%l?ﬁ’rphjegafeisfls “SS@%S tg‘g%% { ife that are avoided by the use

of ger man@011901 14 lJdbsanagasi doinpSsﬁtIicﬁl'S lcmepmrmgmmﬁurgebmnﬁg dagantrgastand es t hat

can be advant ageously use br oad rac resent djscl osure,
e or ovt dvaerRet shintrbnelig yhoSiob? hRaRghl B Buuiru TR gRGachS

conposi ti chﬂueﬁagms aahped- @eaésrgaﬁnaEd the dBﬁanvgdsump%tgﬁﬁmmeplcamaemﬁkhem1rtdne t ot al
vol une of ] g{prSl ti thot er l,?w t abl e conceqt ratio ne, with
t he bal an@és 08? 8?%%P1%Fpef?8? D OIRGFCYERY |PEBI, it S ge&ﬂ H‘E i um
wherein tgs&mgmnmelﬂumde; iﬁqheﬁchrhahuroalbotabﬂmﬁtamelap@eﬁtmnmtomdallgemrrmﬂe that is

isotopically. enri cnrllued < ?@g r%% rratt her. elrnmarnl um i ot(g 7gr .
wher ei n t hé” dopaht 5%18 IH??( & oht di ﬂ ﬁglra% CRE s R é?ﬁ§ erw se
i sot opi cabi y4.elnrducth @cmpdditiah, {Vﬁﬁsgerﬁlﬁlﬁulﬁaeﬂrzﬁmbﬁﬂﬁ B Iﬁraeﬁu ﬁﬁl is[i€@dple]ly n

anot her as t he t discl asure rel to s& nmon S a

oot ow SRR i DR e Cr? B SRR RS TR 0 on
i npl ant at [rbernc@yﬁtgmmpmm ody igandeanuppleheitl ghd dfany déablschasedr.as a dopant

gas, and e germani um tetr af p Jray be isotopically
anri ched TR | dhatfmOis” EamPEuioGh €° o35y P hgsmbo A on s
suppl ementmltaugﬁg confipolfrér tabid enaM)rtrhorg ©f Ao, umlﬁrattryalfolgun mit@enMagimoniapinant i ng

germani u t he .nitrogen and h o en const en N

OrT ecti velgB bk B ErBR R Re PR RGP A A e ST P e o' ot
of such f haronhine- ceﬁtaMenggjongoneﬁqhm @Eﬁ&l‘dhmodnnxﬁtmmyvuohipnat gdreast andartial |y
inhibit the haloe{ncc vmthlnthelo sour ce t.hat sults i n_poor source
life due ?%mﬁﬂﬂ‘é‘g? ré‘ﬂ“%//fh ISP BRRCRYPSHIP AR Hrelis f"i“?o ARdY BFY £ UNGET en
deposi t i ngmoannit.hia @ladr mﬁﬂiedlaﬂﬁté ohe anhpeaivhoag. fof 80hibB Sueikbt ofsggeaarddm anmoni a
as a co-f as w GeF4 can .be ef fected ny. of. a variety o

o anganelsen R Shd BBt FaNe® e Arstth i BiR s FalBlen® Fulbetroni o
and ger namtetmttvelyr &feldampos(ﬁe)nahﬁ/ enrioy sdiopianily ¢nhiehqgagasantuno mukfieridespect i ve
gas suppl J gf e gv\ed to the ion source. The co-fl owed gases nay
be mi xed %I?’ oret 8ne Oé“ﬁ% YR a mass flow controller, or mxed between
a nmass fl p#zignt rA)fdrteEr aapndt dfhiee di@ipseo ulaes, toeequthEﬂbmﬁdmpmthh&rth@nnsour ce.

which cathode bias power is monitored during operation of the ion source and the monitored
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[00114] Al ternatively, a single supply vessel containing a m xture of

ammoni a and germaniumtetrafluoride, in any suitable relative proportions,
can be prwo0i20ado6i500115] As a further alternative, xenonPcarush@ipeess ded as
a supplenental gas in a separate supply vessel. After being dispensed from

the supply vessel, the xenon can, be W|th a n| a _and/ or er ni um
tetrafl uogzlt]&‘)g.e ié%%dﬁ] %ngfealpggerbelsprg&%]edn ﬁ{;lal Piggs® i a gas
vessel coainabolingigel xengnltemaied bsvivtdn rasprani annal"td/tkﬂd’ d@eﬂit reamipoutids ﬁéli’valfeﬂ uori de.

The presence of xenon i he i ntroduced to the ion source inproves
sour be 11 RaRnHERC R s St BB RS b S i3 L F B o enove
any excessgt uy1g&trmmqihg]aq)redamﬁhdd&amdesuedﬁpm tvo the .op¢rafhl@]tHhi@endowed. osure i n

yet another aspect relates to an ed ion i ntation process that
Corpr | sesSuetdndgican B BURE bivpor PG A DU B AT B Bt shor o

i sot opi Cafelgg()\x&lﬁll’drCé’lﬁdnngDahH chbb®! iaal requitdd oamaih@in exaiieheisgaeckieweaor

ger mani umt traf into an_ionizin er to generate ionic dopant
dpect s BEERvH g b v Ay e GO s RPerSis ey B8 MGt e oni i ng chanber

sel ecti ng[(mlm edetherioh B@acel mﬁy Be dDp@nduitsie cypesin andh indiHoast dndgohti@led
selected/desired io ies into roel ectroni ¢ or .

e condubtar-Senriied PGEnat Gt st feBb§ T RIS8568 FOOMAA R vari ous
enbodi mentdanthgreudde et iac b alelices hfeeldlnisﬁﬂb@bl&rdtr&}qu&lﬁla] mey epdiefekentrddpaiti ve t o
nat ural abundance conce trati.on % Ig Zf 5, 10, 15, 20, 25, 30, 35,
40, 45, stmReEndsapeiendih opelipeiishmeg t{?‘éloPﬁ%“r?? P4 abundance

concent r afioo2s]| evie dﬁiferﬁltldﬂ)ahS@h@b&nds@ﬂiaytbhﬁarhqjﬂﬁémlﬁiy atd dgsht @thpbsik ope may
be enri chfd fromthe natural abundancgetCQ %ntr tion Ie\cllel tto a h|d her
concent r atq SIf SFEY SYPALRRI St g oS ragu B raljpprids gn %eémanfﬁs gu" og'rer”

per cent, daepiemzhpmg spdtick rernnaaiib eﬂuclabmaﬁband@a]htewﬁ’ce odmpobedsspgCindlude atsot opi ¢
speci es | r mani um i sotope i s provided
T nor eali T eHo UL RaaER SPRTEh Sk Ruts BireBfe el s ot ope and
corresponflionzdly iThy mased dtheetiagnbm ton 1ﬁ]i>1ahtlaeon S@ffeﬁhpﬁclud‘ing heathate iheaam This
in turn yleg grres ondln adv?ntaeln ﬂ ut as conpared with
systenms afd/“ ?m%’ﬂfo é858 S‘B‘ﬁ%& WP ER er@%‘lgrﬁi NCBPSREEI ARG a | over
concent r atimbiirasmp ietudes cohtaaingahedad@dd wakl segpénmmy su*pphesmopmcoﬁqﬁlﬁﬁibﬁd,l n one

referred enbodi ne r mani umt trafl uori as nt ng > 52% atomnic
P oe 7o guRite R gl S POttt ot b SR S SO SR I i oot 7%
ger mani ummoSwitger leadt ode dfisxit Bﬂ’cﬁerﬁifalljaﬂiphh@labﬁﬁlt tampesiednsa® dkiead depaing

mat eri al not her pr ef e odi ment ermani um. tetrafl uori de gas
Contai ni ntiDnSRPbE s Bies SHACE S80S HERD s oS pRRE AP et s

cont ai ni ng)01>2531 28 atear tmasmmsng'o uge*efemncama)itﬁet@ple:miﬂry aupplixd utopardf bot h
gases i s use

s the daopa mat er i 00119] I n an as co ltions
Lot sty B A BE TR Bt PRASS S RBR s Ry SRR RS ot al
gas, wher silgetibher aupp enesrtthd sogastibinciuppliés! dpart eatﬁlbosm@ﬁs Bfcotthdlediileuent gas
d dth t t [ ]
anr i ched FReary B pRBPu by B SR T R L S S oA Rk rpr 1 e

at | east @meachfof gerdopineccaipdsigedsmeyibd Vudiceltin afddionrd ¢he andtheryhinent & keer  or
bot h of sucht c% gnent s ISIISOtO |ca£l enr.i ched ﬂl g g maﬂu um of
mass 70, PN FITARONTET G %‘%ﬂ‘)@‘ I?Ihf“&‘é?en%‘ Pﬁﬁ% peasdtass 72 or
74. | n suckditionphan hmcmm:r onhl&nfegmafmmmimmghmca&dnuolr dyslemi isayprees@ngedand 1 s

t he i sotopic enrichnment

I sot Opl cal %érwen“ Cthi/d C l%gr r%ﬁtw gw ive Jpant ¢ Sit F
| evel oreat'el ‘il‘hé{ﬁ jie FhedoBant ga8" copost ¥ on may incl ude a
suppl erren[(lﬁllZﬁjas Iofanathyr aihddaldne whategotianay be utilized to flow concurrently or
sequentially a cleaning agent or a deposition agent through the ion source, in relation to one
or more dopant compositions, wherein the cathode bias power or other power utilization
variable of the ion source is utilized to effect etching of the cathode to remove deposits
therefrom, e.g., if the monitored power usage increases above an initial or other
predetermined or setpoint value or level, by flowing and etch cleaning agent through the ion

source, and/or wherein the cathode bias power or other power utilization variable of the ion

source is utilized to effect regrowth of cathode material by flow of a deposition agent therefor
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[ 00120] Dopant gas conpositions are contenplated that conprise a gernmani um
cont ai ni ng conponent and one or nore of argon, helium hydrogen, nitrogen,
anmoni a awo 2rErioR7s0wWher ei n t he ger mani um cont ai ni ng conmpomarskolopdéehal |y is
i sotopically enriched. The germani um cont ai ni ng conponent in specific
enbodi nment,s y. conpri se germane and/ or gernmani umtetrafl uaride. The dopant
Gas. compolTPEBNNY RAFOUSEdH Flechtisg T Trieg OB GLo Mo, o her

enbodi nenpsdetériigned onpgmid: valte. may for exanpl e consi st of gernmani um

tetrafl uog and, a ia, in which the germanium.tetrafl uoride

" cot opi cal 9 Znr e A Bk RarPotytdThE B ROBER S Ry orgr e

i sot opi cahppdraarahdiedmgef i@ istlotutceirs akddpaile deinpltheatatidre:md hp@iaicafin anmoni a
and xenon. .[001 1% further aspect of the disclosure %elates %g gequential
flow of d8pant™ PRIEFS, PRV CRECSBRHS By HECIFIREF AN ANY SFB¥ dur i ng
oper at i onofdn ibh@utcdin qu Beplandioh keterdni t ored cat hode bi ased source power
is utilized in a feedback control process for
controlling/selecting/alternating between—respective ones of the dopant
conmpounds delivered to the ion source, in order to extend the operating

or ecot r nfUeH o at RS e 8 Bt hi Tho boeraef aftein W wERh SO B8 such

met hod camspbe@s, Utdtirez &d illostfagpadmbodimdneradiiditte dphecia@al ied encaftilitshef thon
source, i.e., to.effect r.eqr h or etching of the cathode, as required to
Taint ol n BRpo e 6D T RS e ROTE B AR s B S | b
oper at i onvafatibdyembdificaiony 4 .altfroflive 2nbbdEmens) as Gill aRgdayhehelat t@imysecsilli t abl e

type in such nonitore nd. cantroll e rocess, e.g.,.an. indirect hot
i hode (P ok e S b st PRGTER e Jo et g e
advant agecQusdspondset), ds idvch@amdb helkinamee bAmhais ineendant be broad g uaitrieal anfl| ow of

di fferent, dopant conpouynds to extend the erating lifetime of the ion
Sour cef catHrOuast SoTBaRR et e F SraertdpuRPel BBl iy Febodme

pr ef er abl withiheats sglop@aiiscapenpounds for the sanme dopant species, e.g.
germanium tetrafluori de and germane as dopant conpounds for the dopant
speci es germani um Such different dopant source conpounds nay include at

| east one that is isotopically enriched, as variously described herein.

[ 00124] This nethod of operating an ion inplantation systemincluding a
cathode in an arc chanber of an ion source, to naintain operating
efficiency of the ion source, in one enbodi nent includes contacting the
cathode with sequentially supplied dopant conpositions, while measuring
cat hode bias power, and in response to the neasured cat hode bias power,
nodul ating at | east one of said sequentially supplied dopant conpositions,
to extend operating lifetine of the ion source, cathode and/or one or nore
ot her conponents of the ion source. [00125] The term "nodul ating” in
reference to the sequentially supplied dopant conpositions, neans that the
sequence, duration, process conditions, or dopant conposition selection for
at | east one of the sequentially supplied dopant conpositions is
controlled, i.e., selectively varied, in response to the nmeasured cat hode
bi as power. Thus, the supply periods for each of the dopant conpositions
may be varied in relation to one another, to maintain a set point cathode
bi as power val ue, or one dopant conposition may be supplied at higher

vol tage conditions than another, or the feedback nonitoring and control
system may be arranged to otherw se control/select/alternate between the
respective dopant conpositions.
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[ 00126] I n anot her enbodi nent, the nethod may be utilized to flow
concurrently or sequentially a cleaning agent or a deposition agent through
the i on swored/106150r el ati on to one or nore dopant conpoPCTiIUSAE,1/024388 i N t he
cat hode bi as power or other power utilization variable of the ion source is
utilized to effect etching of the cathode to renove deposits therefrom
e.g., if the nonitored power usage increases above an initial or other
predeterm ned or setpoint val ue omTHEWEAIM®Y flow ng and etch cl eaning
agent through the ion source, and/or wherein the cathode bias power or
ot her power utilization variable of the ion source is utilized to effect
regrom h of cathode material by flow of a deposition agent therefor
t hrough t Méhat breldwedise, i f the nonitored power usage decreases bel ow an
initial or other predeterm ned or setpoint value. [00127]1t will therefore
be appreciated that the conpositions, processes, nethods, apparatus and
systens of the disclosure are susceptible to inplementation and application
in a w delvsr 1oetrypla1ftatnmprc@es$ cotnpnpmgﬂowlmg a«iopsaqu:nmpdsm(gl uoratpucm\/setnteaﬂfc& in
per f or rmncenera n O% 101’11 I S emes C% O an%ﬁ n, W fg‘ell Otﬂe do an?r(]JtOI%It)OISq ystem
[ 00128] WiFT 6t hie °di'st os r'e as” béen thas bee et ‘out Rer erPh e erence
t o speci f sddecad oot ths goagatansiemngarfid i | | ustrati ve enbodl ments, it will be
appreci at fg et rrlllg‘tlur%rg:% u(gunds 1s¥t0 1calf enrlglea(fo doong %atlursal a und tngé'l ?evel ortnaE Iee but
rat her exteRds to and enco a8seqd Muner ous ot Aer variatons, nodi ' cati ons
and al t er nat gevieandurh ddiope nt massag A, 178, Ewgéwhwmeﬂsédomaﬂyoeﬁmb@blem
Sra Y, S b DT ShBld B0 RESRSNN ERL LR BBAE PR, | o
is int endgldatt:nhtuezmﬁ%)ﬁ;dtmsmv@tmamem aordpd, gte@teqahat"e%% f@asnasndd gednangumal | such
2nd scoperopereleA S0 uf i SORRTRFRLRes B TP 4t 3% bcess.
conpri si ngo fekmwaniugn @oabppawtth clonposiso |thm Wtwnathe idopans @ump@tfoorcogasteroét i on of
i oni ¢ dopaer%'r[narﬁ eCIte?raﬂuorlde {rg | aintglfa‘t Ienr dhe(wn 1?1r ?nass Be gr%r?iﬂt[n (i:s%[géOSI tl on is

sel ected from group consi PR g “BfC ger manfFum conp
i sot opi catsbtyopieadba emhetddtayelabg‘eaemhzmﬁlaﬂ% ﬁpbtlmaiam:’éﬁ geem:eﬁurmfsotape laehst one
germani umi Sd% easofor Q3on (():bm7r¥s’1n 72{3 do 7aﬁt Oars and ’a su én@elnltlalt he | %r%gno jcally
enriched 3 PPor*sald at T east ore é) Pdm i sor ope I'S r’ea er' than 21.2%
for mass ?t@aplgenemalrgaslmnchslest gpest che@étaehlutﬂugms a. a%sbmlesrmwmazvhgremrmm um

i sot ope, eat er n 7.9% for. mass (3 germani umls ater than
37196  or RS Y shEPre s e s Rl 3 BTG A R o B T 06

ger mani um i sot ope, vvlth t he proviso that when the dopant conpositi on

consi sts of ..gernani u etra | uor.i de i .sotopical enriched
ger mani um9| sget e, soalCtl i sdtvgbﬁreéré?l?e 42 railrrltl g%méggsl}lgr\l/éﬁ Seilescpegrféa etgatgﬁ an 51.6%
for the nessisii q@enmmiummommmmctsewtmuy eniiched apaote gagalf dundahat leohs

conpri si ng, &1, 4GRANL. 3%, A%, SURRLSAEALA 7988, wherein the suppl ement al
gas incl udes at 3 uent "gas and "a co- speci es gas, and

wherein at | east one of the dopant gas and, when present, a co-species gas,
I's 1sot Opg.calﬂlley preor(}gsls ¢ egaim 2, wherein the dopant composition comprises a germanium

compound isotopically enriched to greater than 21.2% in mass 70 germanium isotope.

4. The process of claim 2, wherein the dopant composition comprises a germanium

compound isotopically enriched to greater than 27.3% in mass 72 germanium isotope.

5. The process of claim 2, wherein the dopant composition comprises a germanium compound

isotopically enriched to greater than 51.6% in mass 72 germanium isotope.

6. The process of claim 2, wherein the dopant composition comprises a germanium

compound isotopically enriched to greater than 7.9% in mass 73 germanium isotope.
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2. The process of claim1l, wherein the dopant conposition is selected from
the group consisting of germani um conpounds isotopically enriched to above
nat ural awordarnwee’shevel of at | east one germani um i sot OpPETAS20M926380, 72,
73, 74 or 76. 3. The process of claim2, wherein the dopant conposition
conprises a germani um conpound isotopically enriched to greater than 21.2%
in mass 70 germani um i sotope. 4. The process of claim2, wherein the dopant
conposi ti on Tl@dTpfdc@s@Sofaclgelr pRWheinCOEPDpRG doapbapdc abhptisenkai ghashiim gr eat er
than 27.3%in nmass 72 |un1| ? The process of claim2, wherein
t he dopant*"dsHpos ???%ﬁk ?5) a””é?ﬁﬁ%ﬁ‘UﬂP@ﬁﬁ%&ﬁﬂﬁmF@b?%ﬂ? cal ly enriched
to greater than 51. 6@6|n mass 72 gernani umisotope. 6. The process of claim
2, whereip t pant C osi ti onc npris er. mani um conpound

5ot op! Gl y TGnPRERA GG Entbioenan Prate iR J3 GEFarHT B ope.

7. The pr cag®andisotopiadliedrichall @x géater tHae 7dopiamiasCTNROsidiuw Bo@PAPr | Ses a

ger mani um conpound isotopically enriched to greater than 37.1%in nmass 74
germani um i sotope. 8. The process of claim2, wherein the dopant

conposi t i oNTIOPLdsS 6 cRig el RMhbielimhe @epaiith caoicpd cahpryseenr icatiedetad gr eat er
than 7.4%in nmass 737%3{ iumisotope. 9. The process of claim2, wherein
the ger mafiTTAMEBHISUR 88W£??@@? at | east one of germaniumtetrafl uoride
and germane. 10. The process of claim2, wherein the gernmani um conpound
conpri ses gefnanlunltﬁarafkyork 11. The rocess .of cl.aim9, wherein

ger mani um ¥'n' EaPgeGa et tnrt SPFEPR U0 rSCH AL CGRPI0d: SPIPETE | SBHI e hed

| evel of rm@asBuoride.ger mani umisotope that is greater than 21.2% 12. The
process of claim9, wherein germaniumin said germaniumtetrafl uoride has
an isotopically enriched | evel of mass 72 germaniumisotope that is greater
than 27. 3%. Thk3prodke optiameSs watreial grmadfiym Whetiei gerrg@ivim dtaffudride Ak en

gernanlun1tetr | uar,i as an soto Lcall ri.ched | ev f mass 72
Gor mant unloP 5D B inst e G B WS o e e et R d s s Tor ol ai m o,
wherein germaniumin said gernanlun1tetrafluor|de has an |sotopically
enri ched hfvﬁk of nas 73 ganjun1|sotope t. an. 7 7 9%

|
process o claim , crein germanium 'in - sat germanugn ? traﬁuorlde

isotopically enriched level of mass 72 germanium isotope that is greater than 27.3%.

13. The process of claim 9, wherein germanium in said germanium tetrafluoride has an

isotopically enriched level of mass 72 germanium isotope that is greater than 51.6%.

14. The process of claim 9, wherein germanium in said germanium tetrafluoride has an

isotopically enriched level of mass 73 germanium isotope that is greater than 7.9%.

15. The process of claim 9, wherein germanium in said germanium tetrafluoride has an

isotopically enriched level of mass 74 germanium isotope that is greater than 37.1%.

16. The process of claim 9, wherein germanium in said germanium tetrafluoride has an

isotopically enriched level of mass 76 germanium isotope that is greater than 7.4%.
17. The process of claim 2, wherein the dopant composition comprises germane.

18. The process of claim 17, wherein germanium in said germane has an isotopically enriched

level of mass 70 germanium isotope that is greater than 21.2%.
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15. The process of claim9, wherein germaniumin said germani um
tetrafluoride has an isotopically enriched | evel of mass 74 gernmani um

i sot ope twetoiglogrseat er than 37.1% 16. The process of PCrAiSa019/02688%r ei n
germaniumin said germaniumtetrafluoride has an isotopically enriched

| evel of ni i sot.ope that .is .greater than 7.49 17. The
brocese. ofdarapieds o bR spne b derarsr sproaedhgafdie - 18
The proce&sel@fnﬁisa?lzrg’er]ﬂamuvﬁ“iecﬁtepenhzg&rgmtmumh|5m.6%a| d germane has an
isotopically enriched | evel of nmass 70 germaniumisotope that is greater

than 21. 2% 19. The process of claim17, wherein germaniumin said
ger mane hag Tae piosat opilgal 17ywkdiéih ghratdniugMe kaid fermasshay 2n getopadiywntitlzot ope

that is great n 51.6% f claim 17, wherein germani um
1 sal d QB IRERAS BB A § R B Tevel “of muss. 73 ger man um
isotope that is greater than 7.9% 21. The process of clain117 mherein
ger mani um,j n,said ge ne_has an isoto enriched. | evel

Oor mani unt |95 Biste? FEA G P BaP B et PR o ertgs oy R ispPEUS EBeg af m 17,
wher ei N geferen ndsn 74 eSainthingiesomneat ageatsn tHas Ov 0@l cal | y enriched | evel of

mass 76 germaniumisotope that is greater than 7.4% 23. The process of
claim1, wherein the dopant conposition is selected fromthe group
consistingzdmeﬁmpambf@ﬂﬁymoWﬂhhagaﬁﬁmumﬁﬂpmﬂg&ﬂ@mﬂmd@@aabp@ﬂswﬁﬂdwa

suppl enent a erein the sup Ierrent i ncludes at | east one of a
di luent g lﬁﬁﬂla%f%ge%g%‘fne@m%‘% Er%ea\}ﬁﬁ@%??]@at | east one of the dopant

gas and, when present, a co-species gas i's |sotopically enriched. 24. The
process o ai m23 erein the one f t.he ant s and, when
D esent, _tholEoPbges Phatphd whrse s P85 sHMEaley war fEReHm1E° 8P, oq
fromt he gwrl@ismlgcoma¢1ﬁhu faic] mfmgﬁronambmmmnm@upmis ghss addopisagdldnyenenighc hed
above natu nce | evel of n er mani um i sot.ope of mass 70,
70 7a phgpin et UODRRE B bRl Bl T BRE DT SR P TR GRS 2 one. of
t he dopantvhgaia aamﬂst odeif tpr @peimtgas b vwhon ppeaites cgdscied Bat isiisotmatiopi cal |y
enri ched, cng%ses a germani um conpound i sotopically enriched to greater

t han 21. 28}lr ss 70 germani umisotope. 26. The process of claim 24,
wherein the at | east one of the dopant gas and, when present, the

- [ t hat t opi.call i ch
CO e 3y R b7y RO T LT DAk o SB5S FAE MR
i sot ope. CQ’.ngeCIIh%a$I’tﬁﬂGSSlS@f)pl@ll&i emnzlaﬂe,d wheeledial tiom die ge@;stcomrsang)foft he
d t d, wh he
eor ched. B LaTRaRGE FRRkIcah SuRRRCRE" EBvalRuatahst 1l AR it e
t han 51. 6%rinaAnin@sStop2 ofy@nan] nma,%bmﬁe.

25. The process of claim 24, wherein the at least one of the dopant gas and, when present, the
co-species gas, that is isotopically enriched, comprises a germanium compound isotopically

enriched to greater than 21.2% in mass 70 germanium isotope.

26. The process of claim 24, wherein the at least one of the dopant gas and, when present, the
co-species gas, that is isotopically enriched, comprises a germanium compound isotopically

enriched to greater than 27.3% in mass 72 germanium isotope.
27. The process of claim 24, wherein the at least one of the dopant gas and, when present, the

co-species gas, that is isotopically enriched, comprises a germanium compound isotopically

enriched to greater than 51.6% in mass 72 germanium isotope.
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28. The process of claim 24, wherein the at | east one of the dopant gas
and, when present, the co-species gas, that is isotopically enriched,

conpri seswa 2gavmwarsoum conpound i sotopically enriched toPgrasten/oeésasn 7. 9%
in mass 73 germani umisotope. 29. The process of claim 24, wherein the at

| east one,pf .the dopant. nd en prese t he co-species gas, that is
ot ot caPy MerrERen izhan hgsin G SRRt Gt SRR TS STRERT U enri ched
t 0 great eco-tfeains a8, thob ik sorpially/ dnrigRedrashptized 5@éroRLium dthpoubdas@spaigs of

cl aim 24, whﬁrdei n thehat é ast O;ﬁ of the .dogpant gas and, when present, the
co- speci eSTRE! ©EFAET han {-2Ei0 BRE L 185 ERMMIREPS conpri ses a ger mani um
conpound isotopically enriched to greater than 7.4%in nmass 76 germani um

i sot ope. The pracess,pf clai wher ei n .t he dopant , conposition
conpr | ses 2L TeahSe SR Ens 26 apalh [ e AF PBY e 10 e R e e
process oto-gledibdnyad 3thatwk édoeipitallyhenrid Bgia b m@BEPH §érinaBiomCOMPOUBIESotGRcaliani um
tetrafl uori dg. 33. The ﬁ”s)&ess og claim 32, wherein germaniumin said

ger mani untTEPTHPEIFAKT $a0 HR5” FhUS 5t SPTeRF T4 ched [ evel of mass 70
germani umisotope that is greater than 21.2% 34. The process of claim 32,
wherein g niumin_said germaniuymtetrafl uoride has an |sotopically

ent i ohed Teval Fererial S S B 1ot Bpel Phatrarg pBarbi raH: 99, 30,

35. The ptogesiss gfs, hhiais iRoBPicalshetriehdl, ganprasd il gerinanisal dm@erndesiteically

tetrafl uori dg J;uas an iso%%zi.cal | y enriched | evel of mass 72 germani um

i sot ope t REITFHOSFBYE WP { RN BESSEhe 88 U iNdORSt ocess of claim 32, wherein
germaniumin said germaniumtetrafluoride has an isotopically enriched

| evel of 73 qger ium.jsotope that is greater than 7.9% 37. The
orocess of Lol Hras: SRAErbrr BavaarruArn sToYE: St FERPSIPESH de has
an i sot opga@mhhiymeafaflichreld aheyemar@f nmass 74 germani umisotope that is greater
than 37.1% 38. The process of claim 32, wherein germaniumin said
germanium tetrafluoride has an isotopically enriched | evel of nass 76

ger mani unB2.soho percthadl tlgingreatdtreinhér dopdfio c@Bposilibe q@mpaes Sgepharddmi m 23,
wherein tﬂﬁafglgo?iﬁgt conposition conprises germane. 40. The process of claim

39, where niumin said germane has an isotopically enriched | evel of
mass 70 germaniumisotope that is greater than 21.2%

33. The process of claim 32, wherein germanium in said germanium tetrafluoride has an

isotopically enriched level of mass 70 germanium isotope that is greater than 21.2%.

34. The process of claim 32, wherein germanium in said germanium tetrafluoride has an

isotopically enriched level of mass 72 germanium isotope that is greater than 27.3%.

35. The process of claim 32, wherein germanium in said germanium tetrafluoride has an

isotopically enriched level of mass 72 germanium isotope that is greater than 51.6%.

36. The process of claim 32, wherein germanium in said germanium tetrafluoride has an

isotopically enriched level of mass 73 germanium isotope that is greater than 7.9%.

37. The process of claim 32, wherein germanium in said germanium tetrafluoride has an

isotopically enriched level of mass 74 germanium isotope that is greater than 37.1%.

38. The process of claim 32, wherein germanium in said germanium tetrafluoride has an

isotopically enriched level of mass 76 germanium isotope that is greater than 7.4%.
39. The process of claim 23, wherein the dopant composition comprises germane.
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41. The process of claim 39, wherein germaniumin said germane has an
isotopically enriched | evel of nmass 72 germaniumisotope that is greater

t han 27. 3% 20ti210676he process of claim 39, wherein ger maRCumsS2011926388 ger mane
has an isotopically enriched | evel of mass 73 germaniumisotope that is
greater than 7.9% 43. The process of claim39, wherein germaniumin said
germane has an isotopically enriched | evel of nmass 74 gernmani um i sot ope
that is gredheproctant 3Amld whééin gdfianipmas €88 g@fard tak ah BStppivdIBTre@iiche@er mani um

[ id t I i ch | of 76 [
| Sot ope CRAT e, Dt BrnieR o gon b S8 THE b Btoss of "ol ai m 28, whor oin

sai d suppl enental gas includes a diluent gas. 46. The process of claim 45,

wherein th il uent S C i ses at | east .one g eC|es | ected from
the or oup  ERE PR aP SR SDoBherS R peRumuRnn pi A ad B KBTS F5rd
process ofevalodinmsZ3,gemmtr@iugi iBotSyii thht @@ MARAB%Zgas conpri ses a co-Sspeci es
gas. 48. The process of claiml1l, wherein said dopant conposition conprises
at | east one of germaniumtetrafluoride, germane, boron trifluoride,

di bor ane, 4&illht p@Kest of ¢l4ifil 90whden @athasiuhdneaid gdthanclhae apisopisslyahricleai m 23,
wherein s i s selected fr th roup consisting of germani um
tetrafl uol |%égﬁggqhﬁ%gmnﬂg}%%o$”ﬁ§FU%?V?&““?P orage S|I|congtetrgfluor|de
and silane, and said dlluent gas conprlses at Ieast one diluent gas speci es

selected f t he C st.ing of. ar en uor and xenon.
30, The. p# babk eer YRR dRm Sethib ARt S ettt daise bR bR Rles s
dopant gakviler Mdésattigomaamheicdiett that arprédne tlghdupzconsi sting of : (i)

i sotopically enriched germaniumtetrafluoride with xenon and hydrogen; (ii)
isotopically enriched germaniumtetrafluoride with germane; (iii)

i sot opi calid.yhe pfoc@heficlgerivanhdten bahfaaiiniokdid germatt lias ot Bpiogialllyyensaeted ched

hydr ogen: (ehdor L2 QL ARL SRl ERGLGNES DO, T4 uori de wi th xenon and

45. The process of claim 23, wherein said supplemental gas includes a diluent gas.

46. The process of claim 45, wherein the diluent gas comprises at least one gas species

selected from the group consisting of argon, hydrogen, fluorine and xenon.

47. The process of claim 23, wherein said supplemental gas comprises a co-species gas.

48. The process of claim 1, wherein said dopant composition comprises at least one of

germanium tetrafluoride, germane, boron trifluoride, diborane, silicon tetrafluoride and silane.

49. The process of claim 23, wherein said dopant gas is selected from the group consisting of
germanium tetrafluoride, germane, boron trifluoride, diborane, silicon tetrafluoride and silane,
and said diluent gas comprises at least one diluent gas species selected from the group

consisting of argon, hydrogen, fluorine, and xenon.

50. The process of claim 23, wherein the dopant composition comprises a dopant gas
formulation selected from the group consisting of:

(i) isotopically enriched germanium tetrafluoride with xenon and hydrogen;

(ii) isotopically enriched germanium tetrafluoride with germane;

(iii) isotopically enriched germanium tetrafluoride and isotopically enriched germane;

(iv) isotopically enriched boron trifluoride with xenon and hydrogen;

-30 -



(v) isotopically enriched boron trifluoride with di borane; and (vii)
isotopically enriched boron trifluoride and isotopically enriched di borane.
51. The pwocesgloafsocl ai m 23, wherein said dopant gas an®CTarSspeoReEss gas are
flowed in mxture with one another to the ion source for generation of
ionic dop S es fo tation. . process of claim 23,

wher ei n SQPE ﬁ% %h?“ﬂQEdQR%BE%HQBQ%WE d]‘B%{nea’lrm?-,gesequentiaIIy flowed to the

i on sour ceiih BbtogiefBreatithan bodon irfioddkad astopkpCéngishddatiboraipl ant ati on.  53. A
met hod of operating an ion source in an ion inplantation process of claim
1, conprising: sequentially flowng to the ion source different dopant
naterialssnon&nﬁ&&d;bncﬁmid3d®mﬁﬂhsmﬁnn@sﬁqﬁoamimmq&kﬁﬁgmgmeakh&denbias

ower during operation source duri e enti al w of said
T Fer ant "HSENT tnarerdies P ang R ROHechr b tac it diihedes B
nDnitoredum@mh@ﬂe blas power, nodul ating at |east one of said sequentlally
suppl i ed dopant conpositions, to extend operating lifetine of the ion
source, cathode and/or one or nore other conponents of the ion source. 54.
A met hod 6f. Thepr@essng Q&if I8, WhBeR f&[tﬂddpia]fltegais Rd ob- s@ﬂlei; Qs &OYEqentarly anged to

gener ate [.oni pin cies for [ antatlon om.a dopant feedstock,
dor st n G BRogERRS sFha En abRPig BoEuras PG ighant composi t1 on
as recited in any of clains 1-50. 55. The nethod of clai m 54, mhereln

d d - fl d h h
on Sour & D1 MIBNEPRE PG 1 O c Gt Spbt S THGraRt AlTbr. 56,

The nethodxqimﬁ@ain154 wherein dopant gas and co-species gas are
sequentlall fl t he .ion sour, e fo eneration of. iaonic

speci es. 1 sPnaPARTsE ah I 9 ook e Ot Pl Sy Bt %%mé&lﬁpq%lg@t ng an
i on sour ceomynitian;dopant conposition source arranged for supplying dopant

t wh idd t t
Compr1 ses A BpRAt Pel ARt ORaE PRIl terto ARG R R R 80! e e

i on i npl aot satd dffieray Sb@im @itertll e theSdn sonh;e:raelﬂn sai d dopant conposition

conpri ses. dopant eci es i d dopant & osi tion source
o angliro TR IR RETaS ] aRBE LR it O MuERaCGRBR  RTRERI T one
anot her t supphddddopam cempdsitng, 06 egenaiplpyiatite opaa bl the mﬁp]o@ultcb aiathbiesnaton .

one or more other components of the ion source.

54. A method of improving performance and lifetime of an ion source arranged to generate
ionic doping species for ion implantation from a dopant feedstock, comprising generating said

ionic doping species from a dopant composition as recited in any of claims 1-50.

55. The method of claim 54, wherein dopant gas and co-species gas are flowed in mixture

with one another to the ion source for generation of ionic dopant species for implantation.

56. The method of claim 54, wherein dopant gas and co-species gas are sequentially flowed to

the ion source for generation of ionic dopant species for implantation.

57. An ion implantation system, comprising an ion source and a dopant composition source
arranged for supplying dopant composition to said ion source, wherein said dopant
composition source comprises a dopant composition as recited in any of claims 1-50.

58. The ion implantation system of claim 57, wherein said dopant composition comprises

dopant gas and co-species gas, and said dopant composition source is arranged to flow the
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59. The ion inplantation systemof claim57, wherein the dopant conposition
conpri ses dopant gas and co-species gas, and said dopant conposition source
i s arrang®02bariosmsquential ly fl owi ng dopant gas and co- PpEdiSesi1gaes8s 0 t he
ion source for supply of dopant conposition thereto. 60. A dopant

f eedst ock ,appar atus, conprisi.ng.a vessel having interior valunme, and a
dopant f eSEPOER “PhCTHETHEBAT BPXySI UhEo e dRabE: R PSR doT BBl a cK

conpr i sesdéepadiapapbsic@anpeadt i on as recited in any of clainms 1-50. 61. A

met hod of increasing at | east one of source |life and turbo punp life in an
ion inmplantation systemin which germaniumions are inplanted in a

subst r at e59.SHiedofiremhplagia@ONgyEt®i o1 14D 7Z iwbgrel e rddpdit Womp@nioai dinpgsedopant

gas in andi oni zati on chanber of ch‘id ign it Iant.?tion S st;&]ﬁ \/\/ge ein said
ger mani unt'@8At & i*NG UoPEHT Hs RO L@ana “PRBEHHPR 581”%& 8%4nd” one or
nore of hydoageny flawi@emlopdit bisog@no-spevikshab ikdithe iwhssuddenfos aipglydsappint gas
optionally is i .sotho"pi cally enriched in at | east one isotopic Ge species.

62. The nEYTRSGUST &1 m 61, wherein germane is present in said mxture at a
concentration in a range of fromb5 to 35 percent volunme, based on the total
volume of the m xture. ~63. A nethod of increasing ion source |jfe in an
o1l afit 4t PRePios BB g ERR IR dOrRE TTBHT deb e e Bted and

i oni zed i feeS@icll inOKkheS Dirioe , volimbed wiekdi® dh€ Qivpant Sfeaytocint doaPriek Ng ddpani a Wit h
said germani umtetraf] Hori de Lo t & ion source, and wherein said gernmani um
tetraf | uoFT"de*GBE ighdicf v 478 f §8P557¥%l |y enriched in at |east one Ge

i sotopic species. 64. The nethod of claim 63, wherein the ammoni a and
germaniumtetraf] uoride are provided in a mxture in a su y_vessel from
Shi ch 't hebhravdr bl e B i Shdtf P TuBP Bk dn RECREy of

cl ai m 63, imfiangion syh@n amvihiihageamnshi@e rionre ipleitcdid wonbsdacasad pledwd ded i n
separate supply vessels fromwhich th are dispensed for said introducing.
6 “The nEtHBIRSPTEA S hEEBmEPaRA e AR ar 5 SR 5o IR AT | uor | de
are m xedinplidation ysamg tWhefeirpdai dogerianiwaicchtiinibg dohai §ig.comprises 4 hextnetdiod of

cl aim 65, wherein the arrrm?'bad and P&er mani um t@tr@fl uotrli de a%‘ﬁ mxed with
one anot h&F P & ShMLE G BEr P eF LM YORRY PEHTE R a8 S AT AP Rt Rod of

cl ai m 63, optonilhas iscopipiliysnfichet it 4t Gedst@ha Govopin @R spaickhe i on source. 69. The
met hod of claim 68, wherein the xenon is introduced to the ion source in

m xture with amonia. 70. The nethod of claim68, wherein the xenon is
i nt r oduced2.tle nfeehotl 0NcISIOLEIC @hérbinrPedhane & patsti i edidrmturenat edohadlradmiide.  71.

The met hod of %J i m 68,. wher ei th[?e xenon i intrg%q ed. to the ion source
i xtur 840 1 G 5 PG GEPn o Pars Rl LT SR 0% e hod of
claim 63, wherein the germaniumtetrafluoride is isotopically enriched in
at | east 8?eA nci:gthloé gft iggleaginngoenCslogrs(:é life in an ion implantation system wherein germanium
tetrafluoride is introduced and ionized in said ion source, said method comprising introducing

ammonia with said germanium tetrafluoride to the ion source, and wherein said germanium

tetrafluoride optionally is isotopically enriched in at least one Ge isotopic species.

64. The method of claim 63, wherein the ammonia and germanium tetrafluoride are provided

in a mixture in a supply vessel from which the mixture is dispensed for said introducing.

65. The method of claim 63, wherein the ammonia and germanium tetrafluoride are provided

in separate supply vessels from which they are dispensed for said introducing.

66. The method of claim 65, wherein the ammonia and germanium tetrafluoride are mixed

with one another prior to said introducing.
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73. The nethod of claim 72, wherein said at | east one CGe isotopic species
conpri ses germani um i sotope selected fromthe group consisting of 70CGe,
72CGe and wWoGe11/106750 A dopant gas conposition conpri si ngPaTdsp@ni2gas and a
suppl ement al gas, wherein the supplenental gas includes at |east one of a
di luent g nd 0-.Speci es and mhere east one. of the dopant
gas and, "o sl SRER 05° uBREn 8"l S sShup drOEiRehBi"55 The
conposi t i @ith ofie ahbaknin e, iovdvarce aflertshia imtodié@@st one of the dopant gas and,
when present, the co-species gas, that is isotopically enriched, is
selected fromthe group consisting of germani um conpounds isotopically

enri ched abhawe nmabd bedlaimEonians eompiwelg idfodating ea®h tcah€iogsuidni um i sot ope of
mass 70, 72, 73, 74 or 76. 76. The conposition of claim75, wherein the at
| east one of the dopant gas and, when present, the co-species gas, that is
I sot opi cab$.yrhe meihot efklait@IPWhEEs tha xgehiBintrodiceDisPigUttlsduse iopixtat kith enr i ched
to greater than 21.2% in mass 70 germani umisotope. 77. The conposition of
claim 75, “WeY&in the at | east one of the dopant gas and, when present, the
co-species gas, that is isotopically enriched, conprises a gernanium

conpound o] ally enriched .t reater than, 27. 3% i n nass, er mani um
oo ope 18 IRl SRR h e sﬁl%l%@m%a%qﬂg.tw onint T udfe 3R o (e

dopant gagermasiymwhernu@tdesent, the co-species gas, that is isotopically
enriched, conprises a gernmani um conpound isotopically enriched to greater
than 51. 6% in mass 72 germani umisotope. 79. The conposition of claim75,
wher ei n t e Tat nlead bf Gaid 68f whdi€n dopamtn igasodiae towleeon Pues emninixtirl &ith

CO- speci es that is isotopically enriched, conprises a gernmani um
compound W?g?ﬂﬁﬁ% eP?“@%?f@Wﬁg”ﬁ% greater than 7.9%in mass 73 ger mani um

i sotope. 80. The conposition of claim75, wherein the at |east one of t he

dopant ga res t he co- s eC|es sot opi ca
enrtcned. T2 ool b BEF R sttt bh STt SRrdBPat T Pk rbn@iR S it e
t han 37.1%&tﬁt@ﬁ$&1§ﬁqgﬁmamnlunl|sotope 81. The conposition of claim75,
wherein the at | east one of the dopant gas and, when present, the
Co-species gas, that is isotopically enriched, conprises a gernmani um
conmpound WSOTmthmb&yﬁemthhﬁdME@ugEﬁ@&fﬂmﬁmam:G€4%mﬁﬂsﬁﬁﬁﬁslﬁm@ﬁkﬂaniUm

i 1 . f 4 t 1
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conpositlon of cIa|n174 wherein the dopant conposition conprises gernani um
tetrafluo osition o%

The ¢ er nlumlrlsald

or rani un s Papei s FAEREER Sip R ont bt e Fud S GRRA T 70
ger mani un‘sup@latnemel dabadclidss grieat @t df hakludil ¢2%nd a8o- spa-d”il@ gaa mpo sihtiemmtof ¢l ai m
83, wher gj g r@ggkgnlun salqwggrnankun1tetraf uor| QS an kfotoplcally
enri ched e&i} e PREt 33 Ay WP Jot'ope TRAY 1%0 %}’r“’él Y Pihn 27, 3%
86. The conposition of clalﬁ183 wherein germani umin said germani um
et ral | uonL O NS AP0l B 2 ik WENGcAPYE! oOhhe B3 TR 981 T UM

present, the co-species gas, that is isotopically enriched, is selected from the group consisting

of germanium compounds isotopically enriched above natural abundance level of at least one

germanium isotope of mass 70, 72, 73, 74 or 76.

76. The composition of claim 75, wherein the at least one of the dopant gas and, when
present, the co-species gas, that is isotopically enriched, comprises a germanium compound

isotopically enriched to greater than 21.2% in mass 70 germanium isotope.
77. The composition of claim 75, wherein the at least one of the dopant gas and, when

present, the co-species gas, that is isotopically enriched, comprises a germanium compound

isotopically enriched to greater than 27.3% in mass 72 germanium isotope.
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87. The conposition of claim83, wherein germaniumin said gernmani um
tetrafluoride has an isotopically enriched | evel of mass 73 gernmani um
i sot ope tweatoiglogrseat er than 7.9% 88. The conpositi onPofi/usk@ilmed38s
wherein germaniumin said germaniumtetrafluoride has an isotopically

enriched Level of mass 74 gerpmnium.isotope that 1s greater than 37.1%
56, Tho. cBmpli PIBIIGM & s 63 v tis Bns Jerhli O B gy ahHi i

t et r af | uopieste, h1&3coadpe¢1&oga@ phaad 1sytopmnycdﬁnﬁdqeldemipn@és AgSiBandn genpamnd um
|sotopethat an 7.4% The conposition of claim 74,

wher et ¢ RaeBsLAR o AP R dhin o ok Do FRTE™ S90% The conposi ¢ ] on of
claim90, wherein germanl um in said germane has an isotopically enriched

| evel of 70 er.. e that i eate th 2% 2 The
composi ti i B rRrTg0n ek -nogeondk tirith SSarg g dbuteh . 4

i sot opi cabﬂesene Ml @h@elcldasegael thafis rmnsplca?ll& dj}ﬁémnidﬁmnbc&cﬁ @pﬁamﬁtﬁfcompo@ﬂ eat er

t han 27. 3%t ﬁ g})rosmlonicq%f 2% wher ei n_ger mani umin said
ger mane has opie {yse('}’fl%ﬁ ERFP ABiP e B DAY &1 SHPANEE LOPBC g er mani um i sot ope
that is greater than 7.9% 94. The corrp05|t|on of claim90, wherein
germani um,i n._sai d germane has i sot enr | vel ss 74
Oor mani unbi-oBR SEE R Pocgredrar ARy Yoy R0t HiRbribisoart IR of ol ai m
90, wher episcge - s\pmm:sngasahd 1nglﬂﬁhﬂly|"Ealﬁcl&ﬁ ¢®Qir1@¢3l Lgdrihyhi@ncoapedd | evel of
mass 76 ger mani 0 et reat er, than 4% 96. The conposition
of clai m 74P\ regflf} éﬁ) eaé?falffr“é?ré TR TR Y5 %?8%’?“[%@?086 co-speci es gas. 97.
The conposition of claim 74, wherei n sal d suppl emental gas includes a

di l uent gas.., 98. The composi the di | yent gas
Conpr 1 et b MeaSpogiie Gaasth et Bt iscy ot b IE GPHl g+ shbratT g of
argon, hygieegenhe dd-dpediésngs.ahd ix Bateplcauy%mcﬁléhﬁccﬁxmﬂip@sa gdraumiafi cehpoumi 74,
wherein said d 03| tion c%rrglrla}ssgz6 at | east one of gernmani um

tetrafl uofsPtﬁglch'eePﬁ‘é{ﬁg, SrSANA i ¥4 (g EGMABY R8PS | i con tetrafl uoride

and silane. 100. The corrp05| tion of claim74, wherein said dopant gas is

bor o tri P dOF BEp U Hor R /5 VAR e SORAT TardPE SAberR dre dRaToas o

di | uent ggﬂrnﬁmﬂﬂﬂrtettﬁiﬁﬁor&h ahdagaﬁna@ne di l uent gas species selected fromthe
group consi sting of argon, hydrogen, fluorine, and xenon.

83. The composition of claim 74, wherein the dopant composition comprises germanium

tetrafluoride.

84. The composition of claim 83, wherein germanium in said germanium tetrafluoride has an

isotopically enriched level of mass 70 germanium isotope that is greater than 21.2%.

85. The composition of claim 83, wherein germanium in said germanium tetrafluoride has an

isotopically enriched level of mass 72 germanium isotope that is greater than 27.3%.

86. The composition of claim 83, wherein germanium in said germanium tetrafluoride has an

isotopically enriched level of mass 72 germanium isotope that is greater than 51.6%.

87. The composition of claim 83, wherein germanium in said germanium tetrafluoride has an

isotopically enriched level of mass 73 germanium isotope that is greater than 7.9%.

88. The composition of claim 83, wherein germanium in said germanium tetrafluoride has an

isotopically enriched level of mass 74 germanium isotope that is greater than 37.1%.
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101. The conposition of claim 74, conprising a conposition selected from
the group consisting of: (i) isotopically enriched germaniumtetrafl uoride
wi t h xenomoand/teynogen; (ii) isotopically enriched ger mamiuseoiti®ee3as | uori de
with germane; (iii) isotopically enriched gernaniun1tetraf|uoride and
isotopicaﬁgﬁ,enrlched %FHnan g i sot opi cal ly enrlchegjf n trifluoride
with xenoft amd “HYRIPEGRRAT IEg) o3 ST H “blr‘i‘rsf“élr%&&“a%%tr‘i 1 “iO’F1 i‘fe with
di bor ane; isatogic{IMidnjicHe8 Givolpif @akd 16 gefindnaunedotbey i it gredidrulni7dies.and
isotopically enriched diborane. 102. A nmethod of operating an ion source,
conprising: sequentially flowing different dopant materials to the ion

sour ce; nmpmi Tiarcomgositainlod deinbia shpeinelic dipiit agn@pRioatomoftisef geiighel ON sour ce
during the sequential flow of said different dopant materials to the ion
source; and in response to the nonitored cat hode bias power, nodul ating at

| east one9nfThsalothpSipnesttdlaml 9, staPini @emaamant sa@@gmﬁhet hBns, isdtepi@nty end

operating |i on .source, cathode one or nore ot her
b nponent sisRET pOress A ptrB S o BT BRHEEE 20 % m 10, her ei nsai d
nodul ating is conducted to maintain a predeternlned cathode bi as power in
operation the ion,. souy 04. The net hod of claim Wher.ein said
nodul at i nSf “E‘e CORBRYBSL ial?“e%)a Pergin SCEPRIM, TS B IRRY asoal“ BRI h% sour ce.
105. The &BkhﬂﬂﬁﬂﬂOﬁhﬂ$HBéﬂﬁmmﬂﬁ&kﬁmeﬂ&ahgﬁﬂﬁdmhﬁflﬁﬂ.aChleveS an ext ended
operating lifetinme of the ion source or its conponents, in relation to an
ion source | acking said nodul ati ng.

93. The composition of claim 90, wherein germanium in said germane has an isotopically

enriched level of mass 73 germanium isotope that is greater than 7.9%.

94. The composition of claim 90, wherein germanium in said germane has an isotopically

enriched level of mass 74 germanium isotope that is greater than 37.1%.

95. The composition of claim 90, wherein germanium in said germane has an isotopically

enriched level of mass 76 germanium isotope that is greater than 7.4%.
96. The composition of claim 74, wherein said supplemental gas comprises a co-species gas.
97. The composition of claim 74, wherein said supplemental gas includes a diluent gas.

98. The composition of claim 97, wherein the diluent gas comprises at least one gas species

selected from the group consisting of argon, hydrogen, fluorine and xenon.

99. The composition of claim 74, wherein said dopant composition comprises at least one of

germanium tetrafluoride, germane, boron trifluoride, diborane, silicon tetrafluoride and silane.

100. The composition of claim 74, wherein said dopant gas is selected from the group
consisting of germanium tetrafluoride, germane, boron trifluoride, diborane, silicon
tetrafluoride and silane, and said diluent gas comprises at least one diluent gas species

selected from the group consisting of argon, hydrogen, fluorine, and xenon.

101. The composition of claim 74, comprising a composition selected from the group

consisting of:
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106. The nethod of claim 102, wherein said ion source conprises an indirect

hot cat hode ion source. 107. The nethod of claim 102, wherein said

di f f er entwoapantsTsat eri al s conpri se germani um t et r af | uoPClasand/ ogeSssane.

108. A nethod of operating an ion source, conprising: flow ng dopant

material {0 the ion sqQurce: nonitoring cathode bias power during operation
i b i agt e Al

of the ioff) SEUPERYGOPRY ST Ra0FR A 0roLisah dop e fal to the ion

sour ce; aqi isoroplcalbypaniskedigornidamnndmiftuotiédwittagdnadae; bi as power, flow ng a

cl eaning ar. deposition agent to the_ion soyrce,. to extend operating

i Tetime BF AP BEIFLEMipRtan iy 3P RGPS e T EraR™ Conponent s of
t he i on sduris@opidally Eglchtd @ior @iflaorkie Widspamdind gydreg@nsour ce | acki ng said
flow ng a cleani or. deposi tion agent thereto, 109. The method of claim
108, wher 8’5 ?FOEDBF%%?‘Tngﬁﬁ‘eﬁ%ognérﬂfglh?ﬁﬁ%élﬂb?l%a@beo§1ilc{ ion agent to the ion source
I S carri ediipisbiopioalBSenticheiBbrioh &ifMioAddgand d@tapicailnatichatditogme bi as power | evel .

102. A method of operating an ion source, comprising:

sequentially flowing different dopant materials to the ion source;

monitoring cathode bias power during operation of the ion source during the sequential flow
of said different dopant materials to the ion source; and

in response to the monitored cathode bias power, modulating at least one of said sequentially
supplied dopant compositions, to extend operating lifetime of the ion source, cathode and/or

one or more other components of the ion source.

103. The method of claim 102, wherein said modulating is conducted to maintain a

predetermined cathode bias power in operation of the ion source.

104. The method of claim 102, wherein said modulating is conducted to repair or remediate a

cathode of the ion source.

105. The method of claim 102, wherein said modulating achieves an extended operating
lifetime of the ion source or its components, in relation to an ion source lacking said

modulating.

106. The method of claim 102, wherein said ion source comprises an indirect hot cathode ion

source.

107. The method of claim 102, wherein said different dopant materials comprise germanium

tetrafluoride and germane.

108. A method of operating an ion source, comprising:

flowing dopant material to the ion source;

monitoring cathode bias power during operation of the ion source during the flow of said
dopant material to the ion source; and

in response to the monitored cathode bias power, flowing a cleaning or deposition agent to the

ion source, to extend operating lifetime of the ion source, cathode and/or one or more other
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components of the ion source, in relation to a corresponding ion source lacking said flowing a

cleaning or deposition agent thereto.

109. The method of claim 108, wherein said flowing a cleaning or deposition agent to the ion

source is carried out so as to maintain a predetermined cathode bias power level.
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