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This invention relates to apparatus and method for the in-gitu generation of dopants
10  for manufacture of microelectronic devices, and more specifically the invention
relates to delivering dopants in a simple, ready and effective manner to the deposition

site, e.g., a chemical vapor deposition chamber or an ion implant device.

Description of the Related Art

15
In the manufacture of semiconducting materials and semiconductor devices, a variety
of gaseous compounds, e.g., arsine, pﬁoSphine, hydrogen selenide, hydrogen telluride,
tetrafluorogermanium, trifluoroantimony, trichloroindium, and other fluoride species,
are employed as dopant source materials.

20

These dopant source materials typically are delivered as gaseous components in a
carrier gas stream, such as nitrogen, helium, argon or other suitable gas, and the
dopant then may be introduced to the material to be doped, as for example by
MOCVD or ion implantation techniques. In ion implantation, the dopant species-
25 containing gas stream is flowed into an arc chamber of the ion implanter device, to
generate the jonic dopant species which are directed to the substrate for dopant

implantation.
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cylinders, °Y gbg&%gor?rﬁéﬁgagélggggﬁ%gg ‘danger of cylinder rupture, resulting in
gross introduction of the hazardous gas into the anbient environnent of the
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hi gh pressy &ofiashiondl pdaice; do ttsgedssf S e i nder
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arsine is enployed In the manufacture of silicon-based Sem conduct or

devi ces ascylirders. Withasuch high' pressoed gasi ollinddrqrthére 3€ tHeCastopaterd dafgeepf t axi al
sem conductor filnms, at relatively |ow concentrations, on the order of from
about 20 t eylisletituptie, repitingHngross introduction of the hazardous gas into the ambient

environment of the manufacturing facility. There is also a danger of leakage from
10 such high pressure gas cylinders, due to defects and to damage to the cylinder heads,

gas flow regulators, and associated flow circuitry.

As an example of the foregoing deficiencies of the use of high pressure gas cylinders,
arsine is employed in the manufacmre of silicon-based semiconductor devices as a
15 dopant source material, for arsenic. doping of epitaxial semiconductor films, at
relatively low concentrations, on the order of from about 20 to about 100 ppm. Even
though utilized in dilute gas mixtures for such applications, the arsine is typically
provided in bulk pure fonh in high pressure gas cylinders, which as indicated entails
the risk of rupture of and/or leakage from the cylinders, with the consequence of

20  release of arsine into the surrounding environment in the manufacturing plant.

As an alternative to the conventional requirement of high pressure gas cylinders of
arsine or other dopant source gases in the semiconductor manufacturing plant, it
would be desirable to provide a liquid source compound for dopants such as arsenic,

25  selenium, tellurium, etc., which would obviate such requirement.

Unfortunately, however, no suitable liquid source compounds for such dopants have
been produced which yield semiconductor materials having desired superior electrical

and structural properties.
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U.S. Patent 4,936,877 issued June 26, 1990 to Steven J. Hultquist and Glenn M. Tom

10  describes a dopant delivery system for semiconductor manufacture, in which a carrier
gas is flowed through a contacting zone c.:ontaining a permeable film through which
the vapor-phase dopant constituent permeates into the contacting zone, to yield a

product gas mixture comprising the vapor-phase constituent in the carrier gas.

15 It would be an advance in the art to provide.an effective system for the on-site
generation of dopant gas species. It therefore is an object of the present invention to
provide means and method for on-site generation of dopant gas species, which are of a
simple, ready and efficient character. It is another object of the present invention to
provide an ion implantation system including in-situ generation of dopant gas species

20 for the ion implantation process. Other objects and advantages of the present

invention will be more fully apparent from the ensuing disclosure and appended

claims.

25 SUMMARY OF THE INVENTION

The present invention relates to apparatus and method for generating a dopant gas
species. Such dopant gas species may be utilized in any of various conventional ways,

e.g., flow of the dopant species in a carrier gas stream to a chemical vapor deposition
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dopant gas species which is a reaction product of a metal and a gas reactive with the

10 metal to form such dopant gas species.

The system may suitably comprise: a source mass of the metal; and means for (i)
flowing the reactive gas in contact with the source mass of the metal to effect reaction
and generate the dopant gas species, and (ii) recovering the dopant gas species.
15
The means (i), (i) may suitably comprise a reaction chamber holding the source mass
of the metal, ancillary piping or other flow passages, manifolds, and recovery vessels.
The means may be widely varied to provide the requisite structure to effect gas/metal
contacting and production of the dopant gas species. The means for recovering the
20  dopant gas species may for example comprise a cold trap or means for isolating and/or

concentrating, or otherwise yielding the product dopant gas species.

In another aspect, the invention relates to a method for generating a dopant gas
species, comprising: providing a source mass of a metal; flowing a reactive gas in
25  contact with the metal source mass to effect reaction therebetween and generate the

dopant gas species; and recovering the dopant gas species.
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i ncorporated. More specifically, the invention rélateS I n one aspecﬁ to a
system f or igeorpsratidnia aa epnpadly goan$daci es which is a reaction product of a
metal and a gas reactive with the 10 metal to form such dopant gas

speci es. The system may suitably conprise: a source nmass of the netal; and
means for (i) flowng the reactive gas in contact with the source mass of
the netdl tAjtesnatively, %mwrgaaﬁmnembepm& thothe rionigationsghambersef and (i)
recovering the dopant gas species. 15 The neans (i), (ii) may suitably
conpri se a PR aBPiaBhLannaEARNse fOrngsmeratign ©of donje dppant spesiesoind; dieecting af sudnci | | ary
pi pi ng or ot her flom% assages, ni fol ds, and recovery vessels. The neans
may be wi dSPSFISIPaSY ﬁ‘@t \"PH%‘{T'E%r’F@Cq‘Fq%F?ite structure to effect gas/nmetal
contacting and production of the dopant gas species. The neans for
recovering the 20 dopant gas species may for exanple conprise a cold trap

or neans f i ' ngentratjng, .or_otherw. i el di ng the
or oduct do‘ggmﬁtsﬁgllé:gtﬂé%g 8?@%{ BEtaf B'HE Q\ppgtaius %nd methoc{1 Jesttibed above _maygoe
10 heated to facilitate the reaction between the metal and gas. Such heating may be
carried out in any suitable manner, as for example by resistance heating of the source
mass of the metal itself, or by radiant heating, radio frequency heating, convective

heating or other conductive heating.

15  As another approach for facilitating the reaction of the metal and the gas, the metal
mass may be provided in a high-surface area conformation, such as in the form of 2

wire mesh body, a sponge or a gauze structure.

A further aspect of the invention relates to the apparatus and method described above,
20 in which a source gas is dissociated to produce the reactive gas therefrom, as for

example by dissociating NF3 to produce fluorine species for reaction with the metal.

The invention in another aspect relates to the apparatus and method described above
for generating a dopant gas species, in which the source mass of metal is provided as a
25  metal rod, over the surface of which the reactive gas is flowed. At least one rod may
be provided in a gas/metal contacting chamber, and various arrangements are
contemplated within the broad scope of the invention, by means of which multiple
metal source masses may be selectively contacted with an etching gas, as hereinafter

more fully described.



I n anot her aspect, the invention relates to a nethod for generating a
dopant gawcs@me$as, conprising: providing a source mass OpcPusihidss ! ow ng
a reactive gas in 25 contact with the nmetal source mass to effect
reaction therebetween and generate the dopant gas species; and recovering
t he dopant gas species. 4 I n anot her aspect of the invention, the dopant
gas species generated by the neans and net hods descri bed above are fl owed
to a chenical vapor deposition chanber for incorporation in an epitaxially
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metal and gas. Such heating may be carr I'n any sult e nmanner, as
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or by radi ant 'heating, radio frequency heating, convective heating or other
conduct i ve dmmidiment of the indatiemot her approach for facilitating the reaction
of the metal and the gas, the netal

Figure 2 is a schematic elevation view of a gas/metal contacting chamber, in which

10  the reactive gas is flowed through a series of metal screens.

Figure 3 is a schematic representation of a process system for contacting one or more

metal source masses with various reactive gases, to generate dopant species.

15 Figure 4 is a schematic representation of a carousel apparatus having mounted thereon

multiple gas/metal contact chambers containing metal source bodies.

Figure 5 is a schematic representation of a process system for in-situ generation of
dopant gas species and use of such species in chemical vapor deposition, according to

20 another embodiment of another invention.

DETAILED DESCRIPTION OF THE INVENTION. AND
PREFERRED EMBODIMENTS THEREOF
25
The present invention is based on the discovery that dopant gas species may be
simply, readily and efficiently generated in-situ by the expedient of contacting of a
reactive gas with a metal source mass which reacts with the gas to yield the dopant gas

species. The term "gas," as used herein to describe the reactive gas contacted with the
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cont enpl at within the broad scope .of the invention, by nmeans of which
mul tiple metg] fousce, s é%%‘l;&'@g@dé‘é F@&%‘F@mew iR enhancg the reggtien chi ng

A i TIRA I T MR 1 N
e | BB 0 e B8 e R Py G e B 17
reactive gas. The metal source mass may be a solid material or it may be a molten
liquid mass.
10
The invention is broadly applicable to aﬂy gaseous dopant species which are suitably
formed by gas/metal reaction, or to precursor compounds of active dopant species,
which are decomposable or extractable at the deposition site, to provide the specific
dopant component, For example, the gas/metal reaction may include reaction of a
15 fluorine-containing gas with a metal, to generéte metal fluoride compounds which
may be passed in a camier gas stream to an arc chamber of an ion implantation

apparatus, where dopant species metal cations are generated and directed toward a

substrate for ion implantation therein.

20  As a further example, the gas/metal reaction may be carried out as follows, utilizing

NF; as an illustrative reactive gas and M as a generic metal species:
NE+M-oME+N;+ B,

25  The metal may as indicated be reacted at ambient (e.g., room temperature) conditions,
or the metal may be heated to above-ambjent temperature, as appropriate to the

desired reaction product. Similar reaction schemes could be carried out with other
reactant gases such as NF3, CIF3, CF3l, CF3H, Hp, NH3, HF, BF3, F2, Cl2, SiF4,
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indium rod). Heating of the metal, where employed, may be carried out in any
suitable manner, using any appropriate means and methods, as well as via any useful
modality of heat transfer (e.g., conductive or resistive, radiant, convective, etc.). In
addition to reactive gas etching of metals per se, the invention may also be employed
in the formation of non-metal dopant species by contacting a reactive gas with a

source mass of the non-metallic component that is reactive with the gas to form the

In the above-described reaction scheme, with Nf‘3 as a reactive gas, the temperature
may illustratively be on the order of 300°C or higher. In other instances, it may be
desirable to utilize relatively lower temperatures (indium, for example, has a relatively
low melting point). Conversely, it may be desirable in some instances to utilize the
metal in a melt form, e.g., as a molten mass in a crucible with the reactant gas being

flowed in contact with the melt surface to effect the gas/metal reaction.

In another embodiment, the metal can be melted in a crucible for reaction with the

etch gas. For example, indium melts at 196°C but does not volatilize significantly

10
non-metal dopant species.
15
20
until about 1500°C.
25

The method of the invention may be carried out with any suitable flow rate and flow
arrangement of the reactive gas, and with any suitable form and arrangement of the
metal, The reaction system for example may contain a bulk mass of the metal source

material, e.g., an ingot or boule of the metal, so that the reactive gas contacted with
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10
The metal compounds produced by the .gaslmetal reaction may be passed to an
ionization chamber (arc chamber) for ionization and generation of cationic metal
dopant species. The ionic species then may be utilized iﬁ ion implantation, being
directed toward a substrate disposed in an ion implant chamber to receive the ion
15  stream. |

Alternatively, the dopant species gas may be flowed to a chemical vapor deposition
chamber, either as generated, or in the form of an ionized stream of the gas. Thus,
ionization and use of the dopant metal ionic species in chemical vapor deposition is

20 contemplated within the broad practice of the present invention.

The invention is applicable to the generation of a number of specific dopant gas
species, including tetrafluorogermanium, trifluoroantimony, pentafluoroantimony,
pentafluoroarsenic,  pentafluorophosphorus,  trifluorcindium, trifluoroarsine,
25 trifluorophosphine, and trifluoroboron, among others. The reaction product fluorine
compound produced by the reaction then may be dissociated or decomposed to yield

the active dopant metal component.
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the non-netallic conponent that is reactive with the gas to formthe
non- met al dBspensing gisteneef the type disclosed in U.S. Patent 5,518,528 issued May 21, 1996

to Glenn M. Tom and James V. McManus, the disclosure of which is incorporated

10  herein by reference in its entirety.

Fluorine-containing reaction gases may require polytetrafluoroethylene (PTFE)-lined
supply vessels and connecting piping, to minimize or avoid corrosion problems.
Other reaction gases may require corresponding adaptation or safeguards, but it will
15 be recognized that such measures are more readily accommodated than the hazards

associated with significant inventories of the dopant gas per se.

Referring now to the drawings, Figure 1 shows a schematic representation of a process
system for in-situ generation of dopant gas species and ion implantation of the dopant

20 component.

The process system 10 comprises a reaction chamber 12 defining an interior volume
14 containing a metal rod 16 having imbedded therein a resistance heating coil 18.
The heating coil 18 is coupled by means of leads 20 and 22 to electrical power source
25 24. Disposed in the interior volume 14 of chamber 12 is a gas dispensing manifold 30
with gas flow openings 32 therein which communicate with a manifold supply line 34
joined to pump 36. The pump 36 receives reactive gas in supply line 38 from source
vessel 40, which as mentioned may be protectively lined when ﬂuoﬁne-containing

reactive gases are utilized, by e.g. copper or fluorine-resistant alloys such as Monel.

10



15 1In th%v Q&}e{ﬁi‘pescri bed reaction schenme, with NF[err] as_a reactive gas,
the tenperature ray illustratively be on the order of 300[%¢VV¥88635Ri gher.
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of the invention, the reactive nmetal may be conpounded,

In the arc chamber 46, the reaction product gas is ionized. The resulting ion species
10  are discharged from the arc chamber in the direction indicated by arrow A as a stream
50 of cationic metal dopant species which bombard the substrate element 52 and are

imbedded in the structure of such element as doped ionic/atomic species.

The jon implantation vessel 48 discharges effluent gas in line 56 to a treatment
15 complex 58. In the treatment complex, the effluent gas stream may be subjected to
treatment, in order to remove or abate undesired compbnents, folldwing which the
final effluent from the process system is discharged from the treatment complex in

line 60.

20 In operation of the Figure 1 process system, the reactive gas from source vessel 40
flows through line 38 to pump 36 and is discharged from the plimp to manifold feel
line 34. From manifold line 34, the reactive gas flows to the gas flow openings 32 of
manifold 30, for discharge thereof into the interior volume of the gas/metal reaction
chamber 12. The upflowing reactive gas then contacts the outer surface of metal rod

25 16, which is heated to suitable temperature by the embedded heating element 18

joined to the electrical power supply 24 via leads 20 and 22.

11



5 e.g., inpregnated, with a reaction catalyst species which is active at
el evat edW®IE924t ure, to facilitate the in-situ generati eocrassdtsessdopant
speci es reaction gas product at such higher tenperature. Alternatively, the
dopant e eposite ' i mze surface area

| . be d d )
of the met c,rg?a‘%g? %Bsymi %vizlgggpﬁgrdfﬂg{d?o}{etéﬂ%?eggﬁ% : C?nggﬁ‘{dl Beactptothe et al

conpounds / la, L eact ..nassed to an ionization
chanber (afrgéﬂgrku%r&;%)ea?y gglogqelg%ﬁ’i ‘?@:c?oﬂrlléna% oggér;{cedrhrgrhngﬁlf@? a?qdo@?%e al
dopant spegichrge iR 41 &Nihe af@fatn®er. t hen may be utilized in.ion inplantation,
being directed toward a substrate disposed in an ion inplant chanber to
receive the ion 15 stream Alternatively, the dopant species gas nay be
flowed to a chem cal vapor deposition chanber, either as generated, or in
t he fom df wilhbe mebgmizedsthatefarm of thehmetalanay Bdwilely vafied flohnthe singhleifd of t he
dopant netal ionic species in chem cal vapor deposition is 20
cont enpl atconfonnatiomshomn. bFayexamples nivdtiple distiet glemants tormprising themmetdlhe
invention-is applicable to the generation of a nunber of specific dopant
gas speci 882y bprayifedgnites reastionochsghera diliematively.f the ceastion i f may
pent af | uor oant i rm?Iy, .fent af,l %oarseni C,. . (gent af | uor ophosphor us,
trifl uor oiEPHAS 2 {uidized heg,ip awhish the metal is in; discontinsions Sorm and is flgidized
trifluorohoron non thers.. The reaction pr.oduct_ fluorine_.co und
pr oduced B’?’ ?ﬁ%acﬁg%@g? g‘h ??rﬁ’e the,¢opapt smcéeéoréﬁ?cé‘%c?r%q“c&e%ﬁégécfmg“yi el d

10  alternative, the metal may be provided in the form of a grate or perforate body

disposed in a flow-through vessel, receiving reactive gas which is flowed through the

porous metal element, to effect the gas/metal reaction.

In Heu of the single gas source shown in the Figure 1 process system, the invention
15 may be camried out with multiple gas sources, each feeding a common metal-
containing reaction chamber, and such multiple gas sources may be co-fed to the
reaction chamber, or otherwise singly or permutatively flowed, to achieve the desired

dopant gas species composition.

20  Referring now to Figure 2, there is shown a gas/metal reaction apparatus 80 including
a reaction vessel 82 defining therewithin an interior volume 84. In this interior
volume a plurality of metal screens 90 arranged to extend across the flow path of the
reactive gas, so as to effect gas/metal reaction as the reactive gas flows through the
metal screens.

25
The reaction chamber 82 contains a gas distribution manifold 112 joined in closed gas
flow communication with gas feed line 110. The manifold has associated therewith a
plurality of nozzles 114, by which the reactive gas is distributed in the interior volume

84 of the chamber.

12



the active dog)ant metal conponent. 9 The invention permts dopant gas
speci es t 0¥B&/44F€ly generated, wi thout the maintenance of PGFUSYMIEIEory of
t he dopant gas, which would otherw se create health and safety issues, such
as the prior art has variously attenpted to overcone. 5- Wen gases such
as fluorine conpounds are enpl oyed for the gas/netal reaction; the gas may

be cont ai nethepdcthienl iie thttodudidto hbinBEY £2 TPEHIGELRN PG gﬁ%is %{&hﬁgﬁd

corrosive character. For exanple, the gas may be supplie

sor bent - basgemshe negiforNtll Aby pontésN DI 455 i%é €® iaferioh foluReolintdhamsst fop U S.
Patent 5,518; 528 issued May 21, 1996 to Aenn M Tom and Janmes V." McManus,

t he di scl oseongacofwithhihe hmeétsl sareams 26 alThel rdddtive lgas edadtsbyith ahe htdlcofihei t S
entirety. Fluorine-containing reaction gases nay require o

pol yt et raf | ssvensith yiekhthe dpmmiE ppdcies podiapgisy wirish sedischarged fmmm eleambeg 8Di pi ng,
to mnimze or avoid corrosion_problenms. O her reaction gases may require
correspondilﬁg?f@@&'bg%@%haf@?hgﬁﬂg@uards, but it will 15 be recogni zed that
such neasures are nore readily accommbdat ed than the hazards associ at ed
with significant inventories of the dopant gas per se. Referringnowto the

drawi ngs, FR.gqure .1 shows .a schenpti.ic representation of a process.
9 ]L‘l%ure% isa scr:}xcmatlc reprcselqi%tlon ofa Brocess system 40 Por in-situ generation of
dopant species, comprising multiple metal bodies and multiple reaction gases for

10  producing the dopant species reaction product.

The process system 140 includes a feaction chamber 142 which is partitioned into
internal passages 190, 192, 194 and 196, each containing a metal body 150, 148, 146
and 144, respectively. The downstream end of chamber 142 is joined in gas flow

15 communication with an effluent gas collection rﬁanifold 198 which in turn discharges -
the reaction product gas from the process system in discharge line 200. The upstream
end of the chamber 142 is joined to a feed gas manifold 152 having branch lines 154,
156, 158 and 160 communicating with reaction chamber passages 190, 192, 194, and
196, respectively.

20
The manifold branch feed lines 154, 156, 158 and 160 are provided with flow control
valves 162, 164, 166 and 168 therein, respectively. These flow control valves are able
to be modulated between a fully opened and a fully closed condition, to flow a desired
amount of gas therethrough. The flow control valves 162, 164, 166 and 168 are

25 . actuator controlled valves, coupled by signal transmission wires 170, 171, 172 and

174, respectively, to a central processing unit 176.

The central processing unit may be arranged in sensing relationship with a sensor 182

in gas feed line 184, to vary the flow through the respective passageways 190, 192,

13



systemfor in-situ generation of dopant gas species and ion inplantation of
t he dopantvodd792g0nponent. The process system 10 conpri sefc,ﬁugﬁ"gg 'Eon .
chanmber 12 defining an interior volunme 14 containing a netal ro f havi ng
| mbedded therein_a resistance heating coil 18. The heating coil 18 is
coupl ed by 1#tand 194, in sespensedo flow 2@ ingae feedfline d&4, soenseddyuthe gadffow 24.

Di sposed in the interior volune 14 of chanmber 12 is a gas di spensing

mani f ol d 38CRRPE ?gaﬁhff O 1B EFNSEE BY sensei B2 trapgmitted by tgnalitansmissipn h a

mani fol d suppl ¥l i 34 joined to pu 6. ,The pu 36 receives reactive
gas in supb‘F& ?/qont(?n'% c?r,\tba;ﬂ]pg%:ﬁ?s&rég &ngg , aﬂ@,ﬂ‘%\ﬁﬁp”é‘!gl)é’gnﬂéﬁfq Tsrsgtivaly bed )
protectively line hNE-C ai ni reactiv ases are utilized, by
e.g. coppeergfm"r[ ﬁ%ﬁ&#‘é’gﬁg”aﬁ“' 3?‘1% 89‘2&@%53 Open %ﬁQ  Same tPI"I"’ed"r?Eﬁ‘inoI d 30
i s di spgse K [ : £aGO 2 .upper
porti onS)of g)tu%gt' ?lc;ﬂaec | g%eggﬁr}gg rrél{elsJe‘Ed] %s:)os eéll'eaé]a Sgééadcr%% frglémhgﬁb@ﬂt?@gl g 42,
for col | ecti @ Rfofies byRistked BRAUDEN A0S 1838 5urd Ve 1188 gy oduct
gases are 5 di é}charge frommani fold 42 ?nto [ s%rﬁargsgélglﬁlgéé lgﬁ.a romline
44, the pr @8Haespgepwedy.enter the arc chamber 46 associated with the ion

I npl ant vessel 48 containing a substrate el enent 52 positioned on nount 54
therein. In the arc chanber 46, the reaction product gas is ionized. The

resulting ion species . :
By the arrangement shown in Figure 3, the gas source vessels 185, 186 and 187 ma

10  introduce gas in amounts and proportions which are controllable by the central
processing unit 176 via valve signal line 201. By such arrangement, valve 197 may
control feed of a gas from only cne of the feed gas supply vessels, or it may control -
flow of mixtures of two or more gases to the passageways containing the metal
bodies.

15
It will be appreciated that a system of the type shown in Figure 3 may be varied
widely within the broad scope of the present invention, to include other numbers -of
gas source vessels and/or other numbers of passageways containing metal bodies for
gas/metal contacting and reaction. The system altematively may be otherwise

20  arranged to accommodate multiple source gases linked with multiple masses of source

metal.

Figure 4 is a schematic representation of a gas/metal contact apparatus, according to
another embodiment of the invention. The Figure 4 apparatus 210 includes a carousel
25 212 with end plates 214 and 216 having mounted thereon a plurality of canisters open
at each of opposing ends thereof. The canisters 230, 234 and 238 each contain a
reactive metal body 232, 236 and 240, respectively. The end plate 214 of the carousel

is geared on its outer peripheral surface to mate with drive gear 218 mounted on shaft

14



10 are discharged fromthe arc chanber in the direction indicated by arrow
A as a st WOANBB4of cationic netal dopant species whi ch b®CHAISHE/6EES
substrate elenent 52 and are inbedded in the structure of such el enent as
doped i oni t.om &. ' i A A -4 | schar.ges
ef fl uent g?gaiér?\ﬁ} %%Bg%l tagv%%%ﬂa?ﬁr?e?\meggﬁg%g%i?ae@&g%wIagwt%gt Sga ment
conpl ex, t 8iafbd préRéesEBFresPon 8RB HBNoPEr thEBIr6EE PR thoditdchiah p{%ﬁ wRD order to
renove or abate undesired conponents, follow ng which the 11 na(f ef fl uent
fromthe process systemis discharged fromthe treatnent conplex in |ine
60. 20 In operation of the Figure 1 process system the reactive gas from
sour ce vesdHie apParhive o Fighreotivoludese g@etdmpnifigld 362 havdng & gab feedyporg2s0 f rom
the punp to manifold feel line 34. Frommanifold line 34, the reactive gas
fl ows t @& t hwhigaserially engagenamepenid of omeofi thetahisdds 234 123diand B38.gEhet poet eof
into the interior volume of the gas/metal reaction chanber 12. The

upf | owi ng r258cmay be garangadeip éléﬂﬂlébft@at? teithy thecpassageway;ewith retgtien of $he 25

16, which is heated to sui t,ia\bl ete rature by the enbedded heating el ement
18 j oi ned t@sd beimglempezan Ypﬂﬁ%‘?“dggg}ﬂ“}g ow Pt geacygigas shroyghy theantenior e

reactive gas,in flow ng upwardly and oy he ext.eriaqr surface of, rod 16
reacts to f"&ﬂ‘}ﬂ‘? Hé&ﬂc?ﬁ&'ﬁ'lep g%}gmglygéﬁgggckqmpémﬁ{ahgﬂnirgglgng gasifesthni f ol d
42 and fl Ovp\% . I(f'oncun'ently, an effluent manifold 254 comprising a receiving port 253 engages

10  the opposite end of the canister from the end engaged with gas feed port 250. In this
manner, reactive gas flows into the manifold 252 in the direction indicated by arrow I
and then through canister 238 containing metal body 240, with the reaction product
gas subsequently being discharged into the effluent manifold through port 253, in the
direction indicated by arrow O.

15
By this arrangement, the reactive gas may be flowed through a given canister
containing the metal body for a predetermined period of time, following which the gas
flow is terminated, and the carousel rotated to the next metal body. For this purpose,
the manifolds 252 and 254 may be vacuum-purged following flow of gas through a

20  canister, in order to aveid ambient communication as the next canister is rotated into

position for engagement with the respective ports of the feed and effluent manifolds.

Figure 5 is a schematic representation of a process system in which a source gas is
dissociated to produce reactive species for reaction with metal to produce dopant gas

25  species for doping of a substrate.
Referring to Figure 5, a source gas, such as NF;, is provided in a source vessel 300.

Such vessel may comprise a standard gas cylinder 302 having at its upper neck portion

a valve assembly 304 equipped with a hand-wheel 306 or other valve actuator means

15



di scharge line 44 to the arc chanber. 5 It will be recognized that form
of the newvelssdys be widely varied fromthe sinple rod conicanmgeénass shown.
For exanple, multiple discrete elenments conprising the netal may be
provided in the reaction chanber. Alternativel )s the reactign chanmber may
conpri se a(&BuiddPRdEnage £ mcpslectopigevalin astuaten); forgsedecivelynilowisagithe m and i s
fluidized by a reactiye %as 1 o%é}é)r m t he dopant species reaction product. As

a still fufPYEseapanto disehatgrtips 3% e netal nay be provided in the form of

a grate or perforate body disposed in a flowthrough vessel, receiving
reactive gas which is flowed through the porous netal elenent, to effect

the gas/ meigl sBG&S%aQ% fl&\{?ehd in?&is&n%rg%hﬁne%d@%%gﬁﬁs&%{foﬁ% Wsid’,‘ti he

Figure 1 process system e inventlon 15 e carried out w

nul tipl & Jahi@PHE Seifce £RGdiERRRAAT0 ForiPATRRI VERastfor sGHYRLAMN kdaBtidEWth | ON
chanber, and such multiple gas sources may be co-fed to the reaction

chanber, ofmetdlNGrfoth &hs dogHnY spaciRer The dissocRkivn ichamba, 3100mag e aviitaliline

desi red dopant gas species conposition. 20 Referring now to Figure 2,
there is slconstruatedaméartangedr wautilizers pyegpasataute @sociatel thei sogrea gagawith on
vessel 82 defining therewithin an interior volune 84. In this interior

vol ume a plsuitablé plasmh genarationsmeansnor othen dissovipsive troecapx oz moethedsoway bee 1 ow
path of the reactive gas, so as to effect gas/netal reaction as the
reactive gased serlsastalgctalytic dissogiation) actiniciadiationymediated dissociation, corona

10  discharge exposure, thermally-medicated dissociation, etc.

The resulting dissociated gas comprising gas species reactive with the metal then is
flowed in line 312 to the contacting chamber 314. The contacting chamber 314
contains metal in a suitable form such as for example in the form of boules or bars
15 316, as shown. The reactive gas species deriving from the dissociated source gas
reacts with the metal to form dopant gas species in the reaction product gas. The
reaction product gas is flowed from contacting chamber 314 via line 318 to the
chemical vapor deposition reactor 320, for doping of a thin-film member 322 mounted
on susceptor 324 and maintained at appropriate conditions for such doping operation. |
20  Exhaust gases are discharged from the chemical vapor deposition reactor 320 in line
326, and may be passed to an effluent treatment facility or other end use or

disposition.
The source gas may for example comprise NF; which is dissociated according to the
25 reaction

NF; = xF+ N,

in which the fluorine gas species (e.g., in the form of fluorine radicals, ions, etc.) are

employed for reaction with metal according to the reaction

16



The reaction . chanber 82 contains a gas distribution manifold 112 joined in
cl osed ga¥OPPBW2¢tomruni cation with gas feed |ine 110. TheP@RUBISAI63F5has
associated therewith a plurality of nozzles 114, by which the reactive gas
is distributed in the interior volune 84 of the chanber. 12 The reactive
gas is introduced to chanber 82 in gas feed line 110 and is di scharged from
the manifold 112 by nozzles 114,hm;g4ngﬂqu£5ior vol ume of the chanber for
contact with the netal screens 90. The reacti Ve gas reacts with the netal

of the 5 screens, to yield the dopant species product gas, which is

di scharged from chanber 82 in product gas discharge line 116. Figure 3 is a
schemat i ¢ irewhiehMiisa metal dfat i spitabie seactyeswithfiiélind rthé readtivdigag epeiaat i on of
dopant species, conprising nultiple netal bodies and nmultiple reaction
gases fdr tmgenemtaitio dopapt gasem paridespediess reacti on product. The process
system 140 includes a reaction chanber 142 which is partitioned into
-internal passages 190, 192, 194 and 196, each containing a netal body 150,
148, 146 apd, (144, respectively. The downstream end of chanber_ 142 is joined
in gas fl ol ligu of ¢ g 24 ghemicl, vaper deposifion; agyshownomds descabedhithf ol d 198

which in tlrjerfgrer(ajéest%h?{ggl%ss, the general approach described above may be employed to

generate ion implantation species for implantation in-the substrate article.
10
It will be appreciated from the foregoing .that the invention may be carried out in a
wide variety of embodiments and apparatus and process configurations. Accordingly,
the embodiments and features described hereinabove are not intended to limit the
invention, and other variations, modifications and other embodiments will suggest
15 themselves to those of ordinary skill in the art The invention therefore is to be

broadly construed, consistent with the claims hereafter set forth.

Industrial Applicability

The apparatus and method of the present invention may be utilized to manufacture
20  semiconducting materials and semiconducting devices. The apparatus and method of

the invention permit the in-situ generation of dopant species such as arsenic,

phosphorus, selenium, tellurium, germanium, antimony, indium, etc., to be readily

formed for such manufacturing applications, which avoids the need for transport and

storage of large quantities of the dopant material.

25

17



the reaction product gas fromthe process systemin discharge Iine 200. The
upst r eam MQPIWF928he chanmber 142 is joined to a feed gas nporhisdstsiss2 havi ng
branch |ines 154, 156, 158 and 160 communicating with reaction chanber

passages 190, 192, 194, and 196, tively. 20 The nmanifold branch feed

| ines 154, 156, 158 and 160 are ﬂéﬁiﬁﬁiﬁiﬁM&% fl ow control valves 162, 164,
166 and 168 therein, respectively. These flow control valves are able to be
nmodul at ed between a fully.opened and a fully closed condition, to flow a

desired a”_g‘lgétﬁ(ﬂéﬁnéﬂ‘i&?t hrough. The flow control valves 162, 164, 166
and 168 ar ontroll ed val ves, coupl ed by signal transm ssion
wres 170, 171, 172 and 174, respectively, to a central processing unit
176. The central processing unit nay be arranged in sensing relationship

with a $engor 1§%y§t&n9f6§%51ﬂﬁﬁngh'ﬁ%gérﬁ‘éaslgéléciéﬁ%i&ﬂ? alrb2Woh Efo?i'd%ftahe

respecti ve passageways 190, 19 and 196, in response to flow

rate in gamefabent higaerehBive with 4 medl byforhahdaspsnt QN §RERE saitBGstefie 1 oW
rate sensed by sensor 182 is transmitted by signal transmssion wre 180 to
t he cent r a¢omprisingssi ng unit 176, and the control signals are respectively

a source mass of said metal; and

10

means for flowing the reactive gas in contact with the metal mass to effect

reaction and generate said dopant gas species.

2. A system according to claim 1, wherein said metal is in the form of a solid

15  mass or a molten liquid mass.

3. A system according to claim 1, wherein said source mass of metal is disposed

in a reaction chamber through which the reactive gas is flowed to effect gas/metal

reaction.
20
4. A system according to claim 3, comprising multiple metal source masses.
5. A system according to claim 1, comprising multiple reactive gases and means

for flowing same separately and/or in mixture in contact with the metal source mass.

25
6. A system according to claim 1, comprising multiple gas sources arranged to
controllably mix reactive gas from said gas sources.
—
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transm’téﬁg 20 %he val ves 160, 164, 166 and 168, to open or close sane to a
desired ¥WPEht . The gas feed |ine 184 receives gas f rRTHYHRIGEE feed
control valve 197 which in turn is joined by gas feed lines 191, 193 and
195 to gas7.sourgRyMensetdrdihge ¢ a /sai ! deYe2teol:

ar r angenent shownyi n Fi gure§3, lt]a%g1{:1g’ge%glusraggﬁl\égggseélds/&{fgg,r%ggqg%p 187 may
10 i nt r ockemsisi@ragsof germaniwn] antinishypindived, lah@Bgenii ch are control lable by the
central processing unit 176 via valve signal |ine 201. By such arrangenent,
val ve 197 may control feed of a gas fromonly one of the feed gas supply
vessels, or it may control flow of mxtures of two or nore gases to the
passageway® conhaysiemgeeondingto elrinb bowherein 58idimetali sobrcbenasp v 2metal md, t hat a
system of the type shown in Figure 3 may be varied widely within the broad

scope o tdepqspd e reartionophambier. with aminletder intnaducing,paid reactive gasstodhrir ce
vessel s and/ or other nu rs,.0f passageways containing netal bodies for
gas/ met al ‘%&H"E’ﬁ’c@‘ﬁ@“ a‘ﬁg??%é’&fl#mng QY BrOdRetgas-er nat i vel y may be

ot herwi se 20 arranged to acconmodate nultiple source gases linked with
mul ti pl e masses of source netal. Figure 4 is a schematic representation of

/ i nQ.t 0. nbodi f. th
et on D-Tho A 35ked WAL AR 5o AERT) HnBli GiFRANE S IR b ind 17 | (g
pl ates 214graiglcahkfstiig v NIF3/TOIF, €31, T80 HA NH 4! 'HE, [BRS, B, CBNSf4Chid OPen

10  mixtures of two or more species thereof.

10. A system according to claim 1, wherein the reactive gas is formed by

dissociation of a source gas.

15 11. A system according to claim 10, wherein the source gas is dissociated in a .
dissociation chamber constructed and arranged to effect dissociation by use of a pre-

plasma, by electrolytic dissociation, by thermal dissociation, or by corona discharge.

12. An ion implant and dopant gas species in-situ generation system, wherein the
20  dopant gas species is a reaction product of a metal and a gas reactive therewith to form

the dopant gas species, said system comprising:

This Sheet Has Been Replaced
et i

25 means for flowing said reactive gas and contact with the metal mass to effect

reaction and generate the dopant gas species and to recover the dopant gas species;

an jonization chamber arranged to receive the dopant gas species and ionize

same to form ionic dopant species; and

—_—_—
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at each of opposing ends thereof. The canisters 230, 234 and 238 each
contai n avosmemiae netal body 232, 236 and 240, respecti pehisoshigssend pl ate
214 of the carousel is geared on its outer peripheral surface to mate with
drive gear 218 mpunted on shaft 14 220 and driven by drive notor 222 in
the direction indicated by arrow G Such rotation produces correspondi ng

rotation of the cara | i he direction of arr.ow The appar at us of
Figure 4 includes gxéxﬁanf 5@#‘?%%%’?5‘?%&/%&%”533%@8&3 Mo Ao 5
whi ch seri s an open end of one of the canisters 230, 234 and
238. The ﬁ%b#xgﬁggﬁgg be arranged to slidingly mate with the passageway,
with rotation of the carousel being tenporarily suspended during flow of
reactive gas through the interior volunme of the canister containing the
met al  Body13. hatA isgstér abcdedifig & clitd 1) fhaftieer @ampfi@REmMBSHs!for ﬂaﬂﬁ%&{e%&h% an
ef fl uent mani fold 254 conprising a receiving port 253 engages 10 the
opposi t e esodroefimdsh e £wraipstaatre Asavaiibienethpergged Wi th gas feed port 250.
In this nmanner, reactive gas flows into the manifold 252 in the direction
i ndicated by arrow | and then through canister 238 containing netal body
240, with the reaction product gas subsequently being discharged into the
ef fl uent nkni f b aystom 8eagrdipg ko claggl 3, iwhereirethdimetad spurae inash heatingimbansar r ow O

comprise means for resistance heating or radio frequency heating of the metal source
10  mass.

15. A process for generating a dopant gas species, comprising:

providing a source mass of metal;

15
flowing in contact with said metal source mass a reactive gas that can
reactively etch the metal to form the dopant gas species, to react the gas with metal
and form the dopant gas species; and N
This Sheet Has Been Replaced
20 recovering the dopant gas species. | ““ | ||II“ ml || l“‘

16. A process according to claim 15, wherein said metal source mass is in the

form of a solid mass.
25 17. A process according to claim 15, wherein said source mass of metal is
disposed in a reaction chamber through which the reactive gas is flowed to effect

gas/metal reaction.

18. A process according to claim 17, comprising multiple metal source masses.

O o . o




15 By thi,s arrangenent, the reactive gas nmay be flowed through a given

cani st er WQMHPHI ng the metal body for a predeternined pdiGTHFoA6PS e,

foll owing which the gas flowis termnated, and the carousel rotated to the
next metal body. For this purpose, the manifolds 252 and 254 may be

vacuum purged follow ng fl ow of gas through a 20 canister, in order to

avoi d ambijgnt QOPFBeRdsCREO@MeAD didifh -m;&n@ﬁglhg Rk muRipl ?&ﬁ\m LasBOSi tion

for engagenent wth the respective ports of The feed and effl uent

mani f ol ds.separgely@and/ol i Mmixaad &nedritact Wethribs RBfabiduddt Missa process systemin
whi ch a source gas is dissociated to produce reactive species for reaction
with nmetal to produce dopant gas 25 speci es for doping of a substrate.
Referring to Figure 5, a source gas, such as NF[err], is provided in a
sour ceSves2el 3FOproc@sahcording ¢ clamy 18.oromyprisingcontrollebly sixjng saig kéanther 302
having at its upper neck portion a valve assenbly 304 equi pped with a
hand- wheel8a3386 or ot her val ve actuator neans 15 (e.g., a pneunmatic or

m croel ectronic valve actuator), for selectively flow ng the source gas
into discharge Iine 308. The source gas is flowed in discharge line 308 to

the diss Olefm ! %‘pr%@é‘srs”%?éor%%g to ¢1%im 15, wherein said metal is selected from the group

consisting of germanium, antimony, indium, and arsenic,

10
22. A process according to claim 15, wherein said metal source mass is a metal
rod, disposed in a reaction chamber, with an inlet for introducing said reactive gas to

the chamber, and an outlet for discharging reaction product gas.

15 23. A process according to claim 15, wherein said reactive gas is selected from the

group consisting of NF3, CIF3, CF3l, CF3H, Hp, NH3, HF, BF3, F2, Cl2, SiF4, and

mixtures of two or more species thereof.-

24. A process according to claim 15, wherein said reactive gas is formed by

20  dissociation of a source gas.

25. A process according to claim 24, wherein said source gas is dissociated to
form said reactive gas by a technique selected from the group consisting of use of a
pre-plasma, electrolytic dissociation, corona discharge exposure, and thermal

25 dissociation.

26. A process according to claim 24, w source gas is NFs.

—_——
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5 which the source gas is dissociated to forma reactive gas for

subseque ion with netal to formthe dopant speciesg, ndkgsoci ation
chanber ﬁ)%y 4be suitably constructed and arranged to 3%?@?%1(3%5%
pre-plasnma to dissociate the source gas, with suitable plasna generation
means, or 25t herAndiossopiat anddopeangasspediest ineits gomyative preeeds, vheodin the

el ectrolytic dissociation, actinic radiation-nmediated dissociation, corona
10 di sciiopant saxresies i a iepdtiondiroduchel s wetakand i gas srartive therewith to fome

resulting digsociated gas ¢ risin as species reactive with the netal
then is fltbié@ﬁnhg?sisﬁ?q%“i?“?gpw "Eg‘ﬁgﬁﬁgzi ng chanber 314. The corntacting
chanber 314 contains netal in a suitable formsuch as for exanple in the
form of boules or bars 15 316, as shown. The rm(sl,gemsg%'ﬁl{gﬁﬁgd es

derivi fromt Nell ' L6 reacts _ : to form
dopant rggas specpr}g‘élgjlngagﬁ{él%%%géf&én pr%%tsjct gas. YFHWMKMGEMUM gas is
flowed fromcontacting chanber 314 via line 318 t vapor
deposition reactor 320, for doping of a thin-film nmenber 322 nounted on

susceptor 324 yyifRisiidatdtade 2hs AP EGTMd With he il BAR th Ufestifehctidani ng
operation. 20 Exhaust gases are discharged fromthe chem cal vapor

deposi t i onndgesérate tidopatit gas ﬁphc&@@ndwﬁcmythbdopmﬁgﬁkﬁbﬁegn ef f1 uent
treatnment facility or other end use or disposition. The source gas may for
exanpl e conprise NF[err] which is dissociated according to the 25
reaction NF[err] [errtgl xF + Nerr] :

10 ionizing the recovered dopant gas species to form ionic dopant species; and

flowing the ionic dopant species onto a substrate therein.

28. A process according to claim 15, farther comprising heating the metal source

15 mass to a temperature above ambient temperature.

29. A process according to claim 28, wherein the heating comprises resistance

heating or radio frequency heating of the metal source mass.

20 30. A process according to claim 15, further comprising flowing the dopant gas
species to a chemical vapor deposition chamber for incorporation in an epitaxially

grown film.

31. A process according to claim 15, further comprising flowing the dopant gas
25  species to an ionization chamber of an ion implant apparatus, for generation of ionic

dopant species and directing of such species to a substrate positioned to receive same.

32. A process according to claim 15, wherein the metal source mass is heated to

facilitate the reaction between the metal and gas.
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in whicht /4954 Ne gas species (e.g., in the formof fluorine radicals,
ions, etc.) are enployed for reaction with netal accordi ngACE/USA¥163%0act i on
16 ° xF + M[err] M[err] (gas) in which Mis a netal that is suitably
reactive with fluorine as the reactive gas species 5 t‘o generate the
dopant gas netal fluoride species. In Iieﬂe?f t he doping via chem cal vapor
deposition as shown and described with ref ;%ce to Figure 5, the general
approach descri bed above may be enployed to generate ion inplantation
species for inplantation in the substrate article. 10 It witl b
appreciated fromthe foregoing that the invention may be carrie 6ot in a

wide variety of enbodi nents and apparatus and process configu | ONs.
Accordi ngly, the enbodi nents and features described herei naboje ot
intended to limt the invention, and other. variations, nodifigatifjons and
ot her enbodi nents will suggest 15 thenselves to those of ordingry skill in
the art. The invention therefore is to be broadly construed, c Gt ent
with the clains hereafter set forth. Industrial Applicabi |4ty
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The apparatus and nmethod of the present invention may be utilized to

manuf act uwe $8@7924 senmi conducting materials and sem conductymggmg,ggs The
apparatus and nethod of the invention permt the in-situ generation of
dopant speci es such as arsenic, phosphorus, selenium tellurium germanium
antinmony, indium etc., to be readlly forrred for such manufacturing
applications, which av0| ds the need f@r Bransport and storage of | ar ge
guantities of the dopant material. 25 17 THE CLAIMS What |Is Clainmed Is:
5 1. A system for generating a dopant gas species for. doping of a
substrate material, wherein the dopant gas species is a reaction product of
a dopant elenent and a gas reactive vm'th the reactant to formthe dopant
gas species, sai ddééstem conpri si a source mass of said
reactant, isolated°frdwmthe substrg e rrat gri8d and precursors and
conponents thereof; and nea ow ng the rnactlve gas in contact with
the reactant mass to effedf 184
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reaction and generate said dopant gas species. 15 2. A system accordi ng
to claim1VOMEMREn said material is in the formof a soli a
nolten |iquid mass. 3. A system according to claiml, wherein said
source mass of material is 20 disposed in a reaction chanmber through
which the reactive gas is flowed to ?gf t gas/material reaction. 4. A
system according to claim 3, conpri si ltiple material source nmasses. 25
5. A system according.to claim1l, conprising nultiple reactive gases and
means for flow ng same separately and/or in mixture in contact . with the

mat eri al source nass. 1% 6. A system according to claim1, conprising
mul ti pl e gas sources ar 4&5@& to controllably mx reactive gas fromsaid

gas sources. 7. ystem according to claim 1, wherein ; terial is

selected fromtyge 5 Hgroup consisting of germanium antifony, ‘kfndium and

arsenic. 8. A systgm according to¥elaim1, erei aifl mategial source
216 212° © 214%1}

mass is a netal} ‘ _ E
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rod, disbosed in a reaction chanber, with an inlet for %“ 8g'sia6g§é5

reactive gas to the chanber, and an outlet for dischargigg ctron

gas. 10 9. A system accordi ng tm%erei n s & 1999
selected fromthe group consisting - Cl F[err], CF[err]I

CFlerr]H Herr], NHerr], HF, BFferr], F[err], Cl[err], Si F4, and .m xtures
of two or nore species thereof. 15 10. A system according to claim 1,

wherein the rydgt IsaCBimeéd I§:0r med by di ssociation of a source gas. 11. A
system according to crarm I0, wherein the source gas is dissociated in a

di ssoci ation chanber constructed and arranged to effect dissociation by use
of a pre- 20 pl asma, by electrolytic dissociation, by thernal

di ssoci atison,1.or by sgsieranfordgenefating @ ‘ddghnt gadispecies forplepitg afica Golswate gas
species in-situ generation system for doping of a substrate material,

wher ei n the dogensl, Whereinphe deprnt gasapeotesds e oeactioroproduct of a dopant eleanent and
conprising a dopant elenent and a gas reactive therewwth to formthe dopant
gas 25 specisegps sedctive ywitlerthe ongatans i togform gheudopantreges specissi shid ewysteant

i solated fromthe substrate material and precursor and conponents ther eof;
19 comprising:

10 a source mass of said reactant, isolated from the substrate material and

precursors and components thereof, and

means for flowing the reactive gas in contact with the reactant mass to effect
reaction and generate said dopant gas species.

15

2. A system according to claim 1, wherein said material is in the form of a solid

mass or a molten liquid mass.

3. A system according to claim 1, wherein said source mass of material is
o 20 disposed in a reaction chamber through which the reactive gas is flowed to effect

gas/material reaction.
4. A system according to claim 3, comprising multiple material source masses.

25 S A system according to claim 1, comprising multiple reactive gases and means
for flowing same separately and/or in mixture in contact with the material source

mass.

18
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means for flowi ng said reactive gas in contact with th )gmgirg 87451@(555
effect reaction and generate the dopant gas species a KSri @éqmg 1009
dopant gas sgeci eg;sydimi &bty BILIGRANDRmpHsingHH@HpleOga 86aic¥Farkdiged apant

gas speci es and |onP’ze 5 sanme to formionic dopant species; and an ion

i mpl ant  changgroBskIS AR dedcive @BTonesdidigasisoiicss, dopant  speci es for i on

I npl antati on of said species In a substrate therein. 10 13. A system
according to claim 1, further conprising nmeans for heating the reactant
source nmass to a tenperature above anbient tenperature. 14. A system

accor di ng to7.cl ai A syStem\aesoading td elaine g tvehereis seidcmateralsis sekecied from the

conprise neans for resistance heating or radio frequency heating of the 15
react ant $ougoap carsisting 5 germanjwm, @aptinony, indiwmaandarsegica dopant gas speci es

for doping of a substrate material, conprising: 20 provi ding a
source mass of reactant, isolated fromthe substrate material and

precursors and conponents thereof; flowing.in contact with said reactant
source mass & readtsystemgaesonding: o £43im b whezsin said rpaterial spurRe masy, S s and
formthe dopant gas species, wherein the reactjve 25 . gas,contacted with
the react ant 1adadBpesed dn g eackion ghamber, with gp I ﬁfoﬁ)’r"gegqcé'ﬁﬁgim%feagtbvﬁp%ﬁg%t s of
the substrat ﬁler}:%tm% ér?lnid a‘:inn(gutlet for discharging reaction product gas.

10
9. A system according to claim 1, wherein said reactive gas is selected from the

group consisting of NF3, CIF3, CF3l, CF3H, H2, NH3, HF, BF3, F, Cl2, SiF4, and

mixtures of two or more species thereof.

15 10. A system according to claim 1, wherein the reactive gas is formed by

dissociation of a source gas.

11. A system according to claim 10, wherein the source gas is dissociated in a
dissociation chamber constructed and arranged to effect dissociation by use of a pre-

20  plasma, by electrolytic dissociation, by thermal dissociation, or by corona discharge.

o

12.  Anion implant and dopant gas species in-situ generation system, for doping of
a substrate material, wherein the dopant gas species is a reaction product of a reactant

comprising a dopant element and a gas reactive therewith to form the dopant gas

25  species, said system comprising:

a source mass of said reactant, isolated from the substrate material and

precursor and components thereof;

—_—
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. . - . ] . V 8 / g 12 s j_..
recovering the dopant gas speci es. 16. A process gLt ’gisng..ta Gl anréé
15, wherein-said react ant source nmss |s |n the form ofita.solid .nassiwd 7.~

G Sposed i n a r eactiean e g MAGHE dhe i pintf Wik |v§tag{ar§l£§§8%rfg&v\eldstg
effect gas/ r?@a‘éﬁé‘ﬁ‘ﬁn@%ﬁ% e d5p d’n??&tspé’éslesa}ﬁreco vériny tﬂ&ﬂ%ﬁan@%&%@éé@

claim 17, conprising 't ple reac our ce nasses
according to claim15, conprising flowing multiple reactive gases
separately and/or in mxture in contact wwth the reactant source nass. 20.
A process accordi gf ibrizdtionl dRarhBer &RiHREd & FBeitO fier @ a6 spkoiés)ahdSnfre
reactive gases. 15 21. A process according to clai 5, wherein reactant
metal is Sel gahed fonaiodibdoganospRciegaadst i ng of ger manl um antinony, indium
and arsenic. 22. A process according to claim15, wherein said reactant
source mass conprises 20 a netal rod, disposed in a reaction chanber,
with an inlet for introducin aid reactive gas to the chanber, and an

outl et for di schaegiiprimplant ¢ bptra;mod tmeceive the ionic dopant species for ion

implantation of said species in a substrate therein.

Pprocess

10 13. A system according to claim 1, further comprising means for heating the
reactant source mass to a temperature above ambient temperature.
14. A system according to claim 13, wherein the reactant source mass heating
means comprise means for resistance heating or radio frequency heating of the

15 reactant source mass.

15. A process for generating a dopant gas species for doping of a substrate

material, comprising:

20 providing a source mass of reactant, isolated from the substrate material and

precursors and components thereof;

flowing in contact with said reactant source mass a reactive gas to reactively
etch the reactant source mass and form the dopant gas species, wherein the reactive
25 gas contacted with the reactant mass is substantially free of any precursors or

components of the substrate material; and

' recovering the dopant gas species.

R
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23. A process according to claim 15, wherein saidr

sel ected fromthe group consisting of NF[ferr], OF erﬁéAﬁEﬁBrﬁ ]9 AUG 1999
CRlerr]H Hgrrl.a Wc@isrdccoﬁﬁlg Bl 15, vﬁ{e&'it{ lald tdak@hf dource mbR'is lin tRNd 25

m xtures of two or nore speci t her eof . A process according to claim
15, wherei n fg@h 6f 4 Ssifd ¥R, 9as is forned by d| ssoci ati*fon of a source gas.
25. A process according to claim?24, wherein said source gas is

di ssociated to formsaid reactive gas by a technique selected fromthe
group consisting of use of a pre-plasm, electrolytic dissociation, corona
di schar ge exgosurs prevess adverding telickim CiSatwherein Said6source/mpssoafsactastc & di ng
to claim 24, wherein said source gas is NF3. 27. An ion |rrpl ant and
dopant gas shnpos&dsml o rsiction ghamebert thronglp vdids thef reactivo gands Bowad doilsffeetat e
material, wherein the dopant gas species is_ a reaction product of a
reactant 10 gas/mdaatsgwemerqav@ort herewith to formthe dopant gas speci es,
sai d process conprising: providing a source mass of said reactant, |solated
fromthe substrate nmaterial and precursors and corrponents thereof; 15

flowi ng said reactive gas in contact y\nth t.he re ant source nmass to
ef f ect 18. A process accordlng to claim 17, comprising mu 1p e reactant source masses.

10 19. A process according to claim 15, comprising flowing multiple reactive gases

separately and/or in mixture in contact with the reactant source mass.

20. A process according to claim 19, comprising controllably mixing said reactive
gases.

15
21. A process according to claim 15, wherein reactant metal is selected from the

group consisting of germanium, antimony, indium, and arsenic.

22. A process according to claim 15, wherein said reactant source mass comprises
20  ametal rod, disposed in a reaction chamber, with an inlet for introducing said reactive

gas to the chamber, and an outlet for discharging reaction product gas.

23. A process according to claim 15, wherein said reactive gas is selected from the

group consisting of NF3, CIF3, CF3l, CF3H, H2, NH3, HF, BF3, F2, Cl2, SiF4, and

25  mixtures of two or more species thereof.

24. A process according to claim 15, wherein said reactive gas is formed by

dissociation of a source gas.

A :



reaction and generate the dopant gas species and to reEM$h2 %Jp;né éa‘éb
speci es, wherein the reactive gas contacted with the reéhétanydd 4 Ail/n “20Q

subst anti al by fr g pRiced¥ccBdRipfoSElhitn 24, ¥EeRRNGHd Sowrte gheissdibsiciatddeto
material; 2 ionizing the recovered dopant gas species to form

i oni ¢ dopantfosp esill @&dctied gas Bk adthhiage sélected from tHegroup copsistingsofi usetdfa
substrate. 28. A process according to claim 15, further conprising
heating t he preplatmat eketrolysioudissocintion, tcoranat dispbarge umposiyoy and eomal
tenperature. 29. A process according to claim 28, wherein the heating
conpri ses r afissetiatiore heati ng or radi o frequency heating of the reactant
source nass. 30. A process according to claim 15, further conprising
fl owi ng he dopant gas species to a chenical vapor deposition chanber for
i ncorporation in an epitaxially glr_own film, 6 5, . 31. A pr.ocess according
to clai m 15,26f ur tAprocesseeqrding & ¢lpigh24 gvherran spidh sotircegas ‘Sslgébi es to an

I oni zation chanber of an ion inplant apparatus, for generation of ionic
dopant species and directing such species to a substrate for inplantation

therein. 32. A process, according to claim il wher.ei n_t 3 sour ce
mass is heatdd t o0 ‘mpla“gam#%’@ﬂ%i %F%ec{eﬁén'ﬁigth%?@hgﬁgfo\fg%rﬁ fﬁ@'?%g%t ant
source mass aa&%stga%g material, wherein the dopant gas species is a reaction product of a reactant

10  and a gas reactive therewith to form the dopant gas species, said process comprising:

providing a source mass of said reactant, isolated from the substrate material

and precursors and components thereof;

15 flowing said reactive gas in contact with the reactant source mass to effect
reaction and generate the dopant gas species and to recover the dopant gas species,
wherein the reactive gas contacted with the reactant is substantially free of any

precursors or components of the substrate material;
20 jonizing the recovered dopant gas species to form jonic dopant species; and
implanting the ionic dopant species in the substrate.

28. A process according to claim 15, further comprising heating the reactant

25  source mass to a temperature above ambient temperature.

29. A process according to claim 28, wherein the heating comprises resistance

heating or radio frequency heating of the reactant source mass.
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s Ao ol antat for Ton 1l anting a Qo s o O
33. An ion inplantation systemfor ion inplanting a ?JE‘PJIL mgnt, @qu
substrat e, corrprisi ng: 15 a source nmass of mat onpr i*s AQJG
dopant el enegy, o e?i‘aéc@ﬂil te6laint 15 MRrhed&digshig Aowink B dopant glas

et chant arranged r ow of e gas etchant in cont act. wth the source

mass of 1At epkdbs t16Vheical vasth de g&m tiinbee fék Mcorpoiatios o aa :gitﬁbﬁal@
conmpound of said dopant el enent; an ionization chanber arranged

in receiVvinggrb@h&lmonshi p to said vapor, for ionization of the dopant

el enent in said vapor to forman ionic dopant species conprising said
dopant elenent; and an ion inplanter arranged in receiving relationship to
the ionic dopant species, for inplantation of the dopant elenent in the
substrate& 31.34.A précesy stcerding tocldinndSs furtheracomBBing Jowing the dopant gang
means for heating the source mass of material by radio frequency heating.
35. A systspesienicat ngnomclmhenp@@ iopHimplanh apparaiusy der geperstion oE il | ses a
fl uori ne-contai ni ng gas. 36. A system according to claim33, wherein
sai d dopant @mpclpssa@ed@g@wuph spgcies to a substrate for implantation therein.

l

32, A process according to claim 15, wherein the reactant source mass is heated to

10 facilitate the reaction between the reactant source mass and gas.

N 33.  Anion implantation system for ion implanting a dopant element in a substrate,

comprising:

15 a source mass of material comprising the dopant element to be ion implanted

in the substrate;

a source of a gas etchant arranged for flow of the gas etchant in contact with
the source mass of material under etch conditions to yield a vapor containing a

compound of said dopant element;

20 an ionization chamber arranged in receiving relationship to said vapor, for
ionization of the dopant element in said vapor to form an ionic dopant species

comprising said dopant element; and

an ion implanter arranged in receiving relationship to the ionic dopant species,

for implantation of the dopant element in the substrate.
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the group consisting of Ge, Sb, As, P, In and B. 37. AyBYShem o 7 Tany
generating-a dopant gas species for ion inplantation inia*sSkbstrate, AVy 199

wher ei n’ t he 3dopamt sgaemARESdRE foscldim SACRIAE Bmpliiidg Rleards fofHehBAY the
conprising a dopant el enent selected fromthe group consisting of Ge, Sb,

As, 10 P sotice amass &F matedal by gatio frequehtykeatihg.h the reactant to form

t he dopant gas species, wherein said gas conprises a fluorine-containing
gas, said system conprising: a source nass of said reactant; nmeans for
flowng the fluorine-containing gas in contact with said reactant to effect
reacti on andSgenér aysemanatoriingane ojpim 3pewherin asid ¢4 etchant compriseni zer
and inplanter unit, arranged for ionization of the dopant gas species and

i mpl ant ati on of ifb‘ﬁnz%ﬂt’n!%ip&!ﬂtgabl enment in the substrate. 38. An ion

i npl antation process for ion inplanting a dopant elenment in a substrate,
conprising: providing a source mass of material conprising the dopant

el ement to ion 20 inplapted in the substrate; contacting the source
mass of tgsi al r}\,\ﬂsﬁmha 8@?’& toreiaim {}nﬂ’i‘ﬂe&!’c@ﬁi &‘?B?H? ¢lergene 13 selgqted Hom vapor
containing a compeund: ofor3ihifl SRBEY, K F T kid b.

37. A system for generating a dopant gas species for ion implantation in a

substrate, wherein the dopant gas species is a reaction product of a reactant

. comprising a dopant element selected from the group consisting of Ge, Sb, As,
10 P, In and B, and a gas reactive with the reactant to form the dopant gas species,

wherein said gas comprises a fluorine-containing gas, said system comprising:
a source mass of said reactant;

means for flowing the fluorine-containing gas in contact with said reactant to

effect reaction and generate said dopant gas species; and

15 an ionizer and implanter unit, arranged for ionization of the dopant gas species

and implantation of ionized dopant element in the substrate.

38.  An ion implantation process for ion implanting a dopant element in a

substrate, comprising:

providing a source mass of material comprising the dopant element to be ion

20 implahfed in the substrate;

N R R .
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i oni zing the dopant elenent in said vapor to forman |onhmgg sgeﬁmgtgqq

conpri sing-.said dopant elenent; and 5 I mpl anti ng

I.n the substrat e.confhcting ﬂueabmeeﬁﬁssaafmdiahgvimmgakatchhﬁ&ndérwtdhfwhdnmﬁpr| sing
heating the source mass of material by radio frequency heating. 40. A
syst em accortdiyigld & vapdrazontaitiing avdompeund efisaid depanedlethentf conpri ses a
fluorine-containing gas. 10 41. A process according to claim 38,
wherein said dopant elenment is selected fromthe group consisting of GCe,

Sb, As, P, In and B. 42. A praocess for generatlng a dopant gas species
for ion inpl ant atipei@ingnthg dopantqlement intseidevapor e forap antionje dopantcspedies s a
reaction product, of a, Hfactant conprising a dopant elenent selected from
the group cotfSRREisinggaigs nd1g P, In and B, and a gas
reactive with the reactant to forn1the dopant gas species, wherein said gas
conprises a fluorine-containing gas, said process conprising: providing a

source s of said,r an e fl yorine-containing gas in
cont act rT%sth sai cfmrpéaél(i &R ‘*OBaxétfe?e&?lg%tgﬁflfbg g generate said dopant gas
speci es; i oni zi ng the dopant gas species; and

39. A process according to claim 38, further comprising heating the source mass

of material by radio frequency heating.

40, A system according to claim 37, wherein said gas etchant comprises a

fluorine-containing gas.

10 41. A process according to claim 38, wherein said dopant element is selected from

the group consisting of Ge, Sb, As, P, In and B.

42. A process for generating a dopant gas species for ion implantation in a
substrate, wherein the dopant gas species is a reaction product of a reactant
comprising a dopant element selected from the group consisting of Ge, Sb, As,

15 P, In and B, and a gas reactive with the reactant to form the dopant gas species,

wherein said gas comprises a fluorine-containing gas, said process comprising:
providing a source mass of said reactant;

flowing the fluorine-containing gas in contact with said reactant to effect

reaction and generate said dopant gas species;

20 ionizing the dopant gas species; and
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i mpl anting ionized dopant element in the substrate. 5

implanting ionized dopant element in the substrate.
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(54) Title: APPARATUS AND METHOD FOR THE IN-SITU GENERATION OF DOPANTS

(57) Absiract

A method and apparatus for generating a dopant gas
species which is a reaction product of a metal and a gas
reactive therewith to form the dopant gas species. A source
mass of metal (16) is provided and contacted with the
reactive gas to yield a dopant gas species. The dopant
gas species may be passed to a chemical vapor deposition
reactor (320), or flowed to an ionization chamber (46) to
generate ionic species for jon implantation.
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