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1 CLEANI NG OF METALLI C CONTAM NANTS FROM THE SURFACE OF PCLYCRYSTALLﬁﬁ¥°53/ ¥
SILICCN BACKGRCUND OF THE | NVENTI ON The invention generally relates t0/¢pﬁj

prlocess for . cleaning netallic contaninants fromthe surface of 7
polycrystalllne_S|I|con and to an inproved process for preparing a nass o(
nmolten silicon from polycrystalline siligon for use in producing a single

crystal silicon ingot by the Czochral ski ("CZ") nmethod. In particular, 10

t he present invention t £ .é ' I1ic
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cruci bl e, dlpplng a seed crystal i'nto the nolten silicon, aw ng the
seed cryst& iF lganing metFxklig é?ﬂntﬁﬂ'lmntsacﬁfﬁ%é‘%@‘mfé\?ﬁ &f desired
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10 the present invention relates to a process for.cleaning
metallic contaminants that may be chemically bonded,

chemisorbed, physisorbed, or mechanically entrapped on or
near the surface of the polycrystélline silicon.
Most single crystal silicon used for microelectronic

15 circuit fabrication is prepared by the CZ process. 1In
this process, the single crystal silicon ingot is
produced by melting polycrystalline silicon in a
crucible, dipping a seed crystal into the molten silicon,
withdrawing-the seed crystal-in a manner sufficient to

20 achieve the diameter desired for the ingot and then

' growing the lngot at that diameter. During growth the
pulling rate, melt temperature, atmosphere and cooling
rate are controlled in accordance with standard practice
to produce a single crystal of desired characteristics.

25 - The polycrystalline silicon has been identified as
one source of metallic contaminants in single crystal
silicon, and various processes have been suggested for
cleaning the polycrystalllne 9111con before it is used in
the CZ process. For example, in U.S. Patent No.

30 4, 525 336, Griesshammer et al. disclose a process for
remov1ng carbon and metallic contamlnants from the
gurface of polycrystalline silicon. In this process,
carbon is removed from the polycrystalline silicon by
treating with an aqueous nitrate solution, annealing in

35 the presence_of air at a temperature of 900-1300° c.,



sillicon, and various processes have been suggested for cleaning the

pol ycrystalline silicon before it is used in the CZ process. For exanple, -
in U S Patent No. 30 4,525,336, Giesshanmer et al. disclose a process
for renmoving carbon and netallic contam nants fromthe surface of

pol ycrystalline silicon. In this process, carbon is renoved fromthe
polycrystalline silicon by treating wi t hZan aqueous nitrate sol ution,

annealing in 35 t.he presence of, gir_ at t erature, of [err], 2

cool i ng, et chi TS a eﬁ'}}‘ﬁ?’ﬁq Jb’r&t aag?ydf@ﬁﬁgfql?;rﬁ aﬁﬁﬁ\@ﬂ#{qu he HF
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i s dissolved i ﬁs?&roqc ﬁ%%tg 1ac.| d,&ﬁ'{qaﬁrﬁgxaz%et?sg “%9 ;H(%ua{]er%oﬁfeMpanese
Patent No. 5, 00agmetid spaxstigreandlemdy aheniddl mepatdtion vin h an
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surface contam nants of iron, coppe 10 ni_c d chromumare reduced.

;
None of these REH<REadId GRdidessdapaneas Batant Mo &.R4%8L% or
renovi ng net al ldigdlgds [dlRardhg BblyRAfyddia 19ud 39 idorP Wit W&t al | i ne

silicon. These (EtNOLS GRS byl did de, ihifbddbe Widoxide
and water such that surface contaminants of iron, copper,
10 nickel and chromium are reduced. |
None of these wet chemistry processes are entirely
satisfactory for removing metallic impurities on and near
the surface of polycrystalline silicon. These methods
are process intensive and limited in their effectiveness.
15 The cleaning solution leaves a residue which must be
rinsed from the polycrystalline silicon, and the rinsed
polycrystalline silicon must then be dried. In addition,
the'extent of cleaning is limited by the initial purity
of the acid and/or other solutions and by the extent to
20 which the solution becomes contaminated with the

dissolved impurities.

SUMMARY OF THE INVENTION

It is therefore an objeét of the invention to

directly and effectively clean metallic contaminants from
25 the surface of polycrystalline silicon chunks and
granules used in the CZ process. _

The present invention is directed to a process for
removing metallic contaminants from the surface of chunk
or granular polycrystalline silicon. The process

30 comprises exposing the metallic contaminants to a gas-

- phase halogen etchant which reacts with the exposed
metallic contaminants to form metal halides. The metal
halides are volatilized into an atmosphere adjacent to -
the surface of the polycrystalline silicon, and_purged_

35 therefrom. |



15 The cleaning solution | eaves a residue which nust be rinsed fromthe
polycrystalline silicon, and the rinsed polycrystalline silicon nust then
besdried. In addition, the extent of cleaning is limted by the initial
purity of the acid and/or other solutions and by the extent to 20 which

t he sol ution becones contam nated with the dissolved inpurities. SUMVARY OF
THE INVENTION It is therefore an object of the invention to directly and

effectively clean ne%g%lic contam nants_from 25 , the surface
pol ycrystal line sili DrQTess, Ry eheTAbLYs comprisgs; ﬁé‘Pezlﬂﬁo%i?s The
present inventi metialldicr eohtanitantey andstheopolyreystalldina lsidicon to

The process 30 3 RoHoPRSEsUES, Betbddn plaehar ik & sHRAKIOR Khany e 0 e

phase hal ogen eheflegenwpilalsmacds: gewerhtede byx poesgizing b scvuceagamant s

.5 honm 18! NehALS" nb15alB. ¥ piloglee g o atogi, gy epier

t her ef rom 3CORPONNEC 838 dneReFdsTPvayepLiedd . cxFbe hglogenrpldasmac

contam nants angehbesPRHi¥h ¥hedlekipdBed etan 1@ impurities to form metal
halides and etches the polycrystalline silicon until the
bulk of the polycrystalline silicon is reached. The

10 metal halides are volatilized into an atmosphere adjacent
to the surface of the pblycrystalline-silicon. The metal
halides may be volatilized in the reaction chamber or in
a crystal pulller during a subsequent crystal pulling
stép. The volatilized metal halides are purged-from the

15 atmosphere. | '

The invention is also directed to a process for
preparing a mass of molten silicon from polycrystalline
silicon for use in producing a single crystal silicon
ingot by the Czochralski method. The process comprises

20 rewmoving metallic contaminants from the surface of the
polycrystalline silicon by exposing the metallic
contaminants to a gas-phase halogen etchant which reacts
with the exposed metallic contaminants to form metal
halides. The metal halides are volatilized into an

25 atmosphere adjacent to the surface of the polycrystalline
silicon, and purged therefrom. This process further
éomprises charging the cleaned polycrystalline silicon to
a crucible, and melting the cleaned polycrystalline
silicon. _ ) _

30 ~ Use of the cleaned polygrystélline silicon ' for
prbducing single crystal silicon ingots by the CZ method
results in improved single crystal characteriatics,
including improved minority carrier lifetime, oxygen-

induced stacking fault density and metal oxide silicon

35 (MOS) device oxide-breakdown'voltaée. Other objects of



a |l ow pressure hal ogen plasma in a reaction chanber. The hal ogen plasma is
generated by energizing a source-gas 5 which includes a hal ogen gas or a
hal ogen- cont ai ni ng conpound gas in a mcrowave field. The hal ogen plasna
reacts with the exposed netallic inpurities to formnetal halides and
etches the polycrystalline silicon until the bulk of the polycrystalline
siliconis reached. The 10 met al halidés are volatilized into an

at nosphere adj n 0 he sur.f.ace of, t he pol ) I|c n. The
metal hal i des %&\% B‘@tv BT | ?W &%M 1:3: crystal
pul I'l er duringp@lsuhxbquﬂnﬂnxmqmnaﬁtqmﬂ i ng step. The volatlllzed nmet al
hal i des are purged fromthe 15 at nosphere. The invention is also directed
to a process for preparing a mass of nolten silicon from polycrystalline
silicon for us&RLEFHDESCRLIBTION: O THE: D) NGS | i con ingot by the

Czochral ski nmethod. pike Ar QRwEs r:ﬂﬁﬁ‘ﬁaz‘&atar Q’El\é!t'& B #dA1G and
contam nants from.the surface of polycrystal I ne silicon by exp05|ng

the netal | Pc c&8CHai ABNLY £BTE éa§3BHa§§ mal ogen etchant which reacts with
the exposed netalli qvlgqntzargma edud ffiiriaiatla laded tB e, abnfal i des

are volatilize n h i nt to the surface of the
poLycrystalllng P|§€ 18§ E°5Epge3 shﬁrgg %‘Thls process further
conpri ses -charging the cleaned . polycrystalline silicon to a crucible, and

melting the cl %ﬁiﬂgﬂ ﬂﬁﬁ'ﬂ:ﬁ’ silicon.

In the present invention, a gas-phase halogen

RV

10 etchant reacts with metallic contaminants which are
bonded, chemisorbed, physisorbed, or ehtrapped on or near
the surface oflgranular or chunk polycrystalline silicon
to form metal halides. 'The gas-phaée_halogen etchant
also etches the polycrystalline silicon. '

15 . These reactions are preferably carried out in an
'etching reactor which- includes a reactor chamber into
which the polycrystalline silicon is loaded. The reactor
chamber is preferablyIC6nstructed of ultra high purity
fused quartz and has ports for admitting and withd;éwing

20 the gas-phase halogen etchant, product'and inert gasses.

| The etching reactor also preferably has means for drawing
a vacuum in the reactor chamber.
The reactor chamber is preferably configured such
that the -gas-phase halogen etchant can circulate over the

25 entire surface of the polycrystalline silicon. One such

' cohfiguration includes a sample holder inside the chamber
which has a sufficient number of small diameter apertures
to allow the plasma to circulate over the entire'surface
of the polycrystalline silicon. Such a sample holder is

30 preferably suspended in the center of the reactor chamber
to maximize circulation. Alternatlvely, the
polycrystalline silicon may be rotated or turned- -over
(depending upon the geometry of the polycrystalline
silicon) and exposed-to the gas-phase halogen etchant as



30 Use of the cleaned polycrystalline silicon for producing single
crystal silicon ingots by the CZ nethod results in inproved single crystal
characteristics, including inproved minority carrier lifetine, oxygen-

i nduced stacking fault density and netal oxide silicon 35 (MOS) device
oxi de- br eakdown voltage. O her objects of 4 the invention will be in
part apparent and in part pointed out h&reinafter. BRI EF DESCRI PTION OF THE
DRAWNGS Fig. 1 shows equilibria data related to [err] and 5 _[err] at 10
torr (~1300 PHRRYFtIMeEs af RECEARIT% fRqid itate dharoualy qleanin®rr] at
100 torr (“‘1-h3>|fXa[lﬂ.r rdurE@ﬁedﬁETﬁﬁﬂit?E&ﬂﬁdﬁ'@,qtﬂﬂépﬁd@ﬁ mraett et i on,
a gas-phase hal ogen etchant .reacts _ i c_cont am pant.s i C
are bonded, cﬁgﬁ%e?5P%’31¥ "ﬁ‘?gc?spg) . By tri%ﬁ?dwr&z'nﬁ\d]t &9 ace
of granul ar ofudlynisupportr \ttienlgddlyersidtiaddrineo sidivomrt alAfivdr desmdinkhe
gas- phasehal n, et | ¢ e .nQl yverystal lj Sidd ¢o
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| oaded. The react Ofphe polycrystalline silicon and the metallic
contaminants on and near the surface thereof are then
exposed to the gas-phase halogen etchant. The metallic

10 contaminants underlying the original surface of the
polycrystalline silicon are exposed to the gas phase
halogen etchant by direct exposure after the overlying
silicon is etched away. _ |

The gas-phase halogen etchant preferably comprises a

15 halogen plasma. Without'being bound by theory, the high
energy ionic and/or free radical halogen moieties present
in the halogen plasma react directly with the metallic
contaminants to which they are exposéd and form metal
halides. The composition of the halide formed is:

20 primarily controlled by free energy considerations,
temperature and pressure. Table I shows the most
énergetically favored metal halides formed between
various halogen free radicals and a variety of metallic
contaminants of interest. ' '



chanmber is preferably constructed of ultra high purity fused quartz and has
ports for admtting and w thdraw ng 20 t he gas-phase hal ogen etchant,
product and inert gasses. The etching reactor also preferably has nmeans for
drawi ng a vacuumin the reactor chanber. The reactor chanber is preferably
configured such that the gas-phase hal ogen etchant can circul ate over the

25 entire surface of the polycrystallire silicon. One such configuration
i ncludes a sanple holder inside the c - Which has a sufficient nunber
of small dianeter apertures to allow ma to circul ate over the
entire surface of the pﬁ%r |_lsis0e <Si)Jican h e holder is 30
preferably suspended in %%\%%%e%ll jbtérr% %e%%icﬁﬁ;%o maxi m ze
circulation. Alternatively, the polycrysz%q ne mﬁlcxnlnay be rotated or

t urned-over (dependi ng upon the geonetry of the pol
and exposed t
necessary to
the sanple h
to fully sup
polycrystalli
evacuat ed By

crystalline silicon)-

€ gap- phase hal oger] etchant_as 5[ many {1 nes as |
acilitafje thoro&bh cléaning ofcﬁll'sur aces. Iﬁréither}case,
der_135 prereraplry nadgq or nign EUTITyf TUSed quartz, ang able
rt Nee pol ycr8Falling silicBACLlAfter |oadi ndaBn he

TSI CPmT T to _the Teqetor chanber, tHhE Teact or_—ciranbey
rawkng h vaculfff KC1 =~ : KBr

S

Ca CaF, CaCl, CaBr,

L TiF,(g) TiCl,(qg) TiBr,(qg)

Cr CrF;(g) Crcl,(g) CrBr,(g)

Fe FeF, FeCl,{(g) FeBr,
10 Co COF, CoCl, (g) CoBr,

N4 NiF, | nNicl, | ~ NiBr,

|
1
|
|
; .
1
|
|
|

CuF,

Cu CuCl, CuBr, (g) |

* Based on free radical halogens reacting with about 1 x
10°® to about-1 x 10™° moles of contaminants. The halogen
15 'plasma is energized from a source-gas comprising 1 mole
of halogen gas in 10 moles of argon at 10 torr (1,332 Pa)
and at temperatures ranging from about 25 °C. to about
300 °C. :
The halogen plasma is generated from a source-gas
20 which includes a halogen gas or a halogen-containing
compound gas. Fluorine, chlorine, bromine and iodine are
- preferred halogen gasses with fluorine and chlorine being
more preferred. Fluorine is generally the most reactive
of the halogen gasses and is a most preferred halogen gas
25 with respect to forming metal halides. Bromine is a
- preferred halogen gas for forming a halide with calcium
and chromium contaminants. Preferred halogen-containing
compound gasses include chlorocarbons, fluorocarbons,
chlorofluorocarbons, and halogenated hydrocarbons.



The pol ycrystalline silicon and the netallic contam nants on and near the
surface thereof are then exposed to the gas-phase hal ogen etchant. The
metal lic 10 contaminants' underlying the original surface of the
polycrystalline silicon are exposed to the gas phase hal ogen etchant by
direct exposure after the overlying silicon is etched away. The gas-phase
hal ogen etchant preferably conprises a 18 hal ogen pl asma. Wthout being
bound by theory, the h| h ener |on|c and/ or fr% radi_cal hal ogen noi eties

present in the hal od&% P§§FE cMmay; bec i, ther Forme ofe fqPure ant's

to which they aﬁ:ehaabg&ﬁdcmdaflmmgrrebaipomu das, Ehmiseuresdfi mlea‘getrhe
halide forned is % §r|n3r| controlled b free ner cogfl erati
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tenperature an8%p gre A 08, GREPEN, ﬁér a8 ed
met al hal i des bnened memwehalwgehoux hmlogen bnaeanadngabompnund'gassemy of

metal i c o8Nt AEeANLReObr fote®Honsha1GoehAe haBAE GHohCRY Ll BHRA
Br Na Ngas and/or OXYEn) . e varlouﬁagpmblnatlon of gases may
be used either simultaneously or sequentially. Helium or
argon may be used separately or in combination as the
inert gas constituent. Oxygen is preferably included
10 when the halogen-containing compound gas contains carbon
' {(e.g. halogenated hydrocarbons, chlorocarbons,
fluorocarbons, etc.). Oxygen is also effective in
combination with a halogen gas for forming chromium oxo-
halides, particularly at higher coneentrations of
15 chromiUm_contaminants.

The source-gas is preferably a mixture of one or
more halogen gasses or halogen-containing compound gasses.
with an inert gas. The total concentration of halogen
gasses or halogen-containing compound gasses in the

20 mixture preferably ranges from about 1% to about 15% by
volume. This range of halogen concentrations is
sufficient to fully react with the amount of metallic
contaminants typically present on the surface of
polycrystélline'silicon. However, the concentration of

25 halogen gas or halogen-containing gas compound in the
source-gas is not narrowly critical. Although the
concentration affects the reactivity of the halogen
plasma, a more or less reactive plasma may be used
provided the exposure time is sufficient to react the

30 metallic contaminants.

| The halogen plasma may be formed by'the_application
of electromagnetic energy to the source-gas, such methods
being well known to those of ordinary skill in the art.
Preferably, the halogen plasma is generated by energizing

- 35 the source-gas in a microWave field having a frequency of
from about 1.0 GHz to about 4.0 GHz. However, the



5 K KE Kd KBr Ca CaF2

[err] Ti [err] - [err] [err] Cr [err] [err]
[err] Fe [err] ' [err] [err] 10 Co [err]
[err] [err] Ni [err] [err] [err] Cu
[err] [err] [err] * Based on free radi cal hal ogens

reacting with about 1 x [err] to about 18x [err] moles of contaninants. The

hal ogen 15 g@g& i s ner i zed frog1a source-gas conprising 1 nole of

hal ogen gas |hhi %?m rgeuid: aiberpptivelgsbe pagnarated ak pehatures
rangi ng from a@m&tfahéénéﬁlabﬁﬂéqﬁéﬁéiesThﬂs hal ngeﬂlabaanarl gvopnasaacd
froma source- ggs 20 a_hal ogen- cont ai ni ng

conpound gas. ﬂ@??ﬁ%afh“?bF?ngorbTbﬁfﬂgagﬁgg?gg?ﬁg RI35PRB &FPed hal ogen
gasses w th flawaibabhadfrtohoPlasmaeiagSystempr (NerthdBrohawicke NsJ.) .
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preferred hal ozeailable ofrowr Reabnicaal Iue wiPubktinei O andothesni um

oo pons, TRBLEELED Boheaty conyTsMceEoImAY Mudeh-fid, B tes

hydr ocar bons. include Lam Research Corp. (Fremont, CA) and Applied
Science and Technology, Inc (Woburn, MA).

10 The halogen plasma is preferably a low pressure
plasma (ie, a plasma in which the temperature of the bulk
of the source-gas is not in thermal equilibrium with the
temperature of the ionic and/or free radical halogen
moieties) . Although the low pressure plasma results in

15 only minimal heating of the polycrystalline silicon, the
lower pressures favor volatilization of the metal halides
at lower temperatures.' The pressure of the source-gas
from which the low bressu:e plasma is generated most
preferably ranges from about 0.01 torr (~1 Pa) to about

© 20 100 torr (~1 x 10* Pa).

While a halogen plasma is preferred, a halogen gas
or halogen-containing compound gas which is not energized
into a plasma state will also react with metallic

- . contaminants to form metal halides. The use of non-

25 energized (ie, non-plasmatic) halogen gasses affords
greater flexibility with fespect to the type of reactor
designs which can be employed. For example, a non-
energized halogen gas may be reacted with metallic
contaminants in a heated tubular reactor to facilitate

30 better control over the reaction temperature. |

Hence, the gas-phase halogen etchaht alternatively
comprises a pure halogen or halogen-containing compound
gas. A mixture of halogen or halogen-containing compound
gasses, or a mixture of one or more.halogeh or halogen-

35 containing'compound gasses with one or more non-
halogenated gases such as an inert gas and oxygen éould



7 The source-gas nmay be in the formof a pure hal ogen or hal ogen-contai ni ng
conpound gas, a m xture of hal ogen or hal ogen-contai ni ng conpound gasses,
or. a mxture of one or nore hal ogen or  hal ogen-contai ni ng conpound gasses 5
wi th one or nore non-hal ogenated gases such as an inert gas and/or oxygen.
The various conbi nati on of gases may be used either sinultaneously or
sequentially. Heliumor argon may be use8 separately or in conbination as
the inert gas constjtuent. Oxygen is preferably included 10, _when the

hal ogen- cont ai ALAS BENPEERY gddiec BrefexyedabadrIes gasges,gbidcsen-
hydrocarbons, @Bh&b@ﬁﬁhbo%%mpbbhﬂr?&%Ebﬁhagn%hﬁhhlo@%hﬁ%%d-@a@h%@ @ffeective
in conmbi nati on th a hal ogen gas for forn1n% CH; m u Xx0- hal,i des,
particul arly aF“%i&ﬁ@F 68n3§HF%aSP6ﬁ§SoPrf§e rg %HFU%%&SHFQWPH&HF@: The
source-gas is poeafeeabhp,aas setr €oxthoabotie .nDTheh prefetrreds mixkture of

hal ogen- cogt ai glgg OTRAUALIRRRER Wb (1A% 8331 LN EHOkAe as for

concentration ogen gasses or hal ogen-"cofntaini ng compound gasses I n
t he 20 m xt ucbepsotycebbpsranges from about 1% to about 15% by vol une.

Thi s range of hal 0ggReC@RpBRILRULANDS EHRUHRICGRA del Y prergagibly th the
anount of netalllc;cgntan1nants typically presént On the Surface o :
pol ycrystal | i nBu§EArdgRt Howaddow the gen, gasokooreagt wikihogen gas or

hal ogen- cont ai feBg1d4e eonRaAmitantst #® form solid or gaseous metal
| 10 halides, and most preferably ranges from about 25 °C to
about 900 °C. The surface of the polycrystalline silicon
is preferably heated after the halogen gas has been
introduced into the reactor chamber, to facilitate
formation of the metal halide rather than diffusion of

15 the metallic contaminants into the bulk of the
polycrystalline silicon. Based upon free energy
considerations, metal halides form readily between the
metallic contaminants of interest and halogen gasses or
halogen-containing compound gasses at temperatures

20 greater than about 25 °C. However, the metal halides
formed at room temperature are usually solid metal.
halides. Vblatilizationrof'the solid metal halides
generally requires significantly higher temperatures, as
discussed below.

25 Although the'present invention is generally directed
to removing all types of metallic contaminants from the
surface of polycrystalline silicon, it is particularly
directed to removing alkali, alkaline earth, and '

. transition metals therefrom. A significant amount of

30 transition metal contaminants such as iron, chromium,
cobalt, nickel, copper or titanium are suspected of being
deposited on chunk polycrystalline silicon. Alkali metal
contaminants such as sodium and potassium appear to be
most prevalent on granﬁlar polycrystalline silicon. Each

35 of these contaminants, however, as well as others such as
calcium, are present on both chunk and granular |



source-gas is not narrowy critical. Al though the concentration affects the
reactivity of the hal ogen plasna, a nore or | ess reactive plasma nmay be
used provided the exposure tine is sufficient to react the 30 metallic
contam nants. The hal ogen plasma nmay be forned by the application of

el ectromagnetic energy to the source-gas, such nmethods being well known to
those of ordinary skill in the art. PrefEably, the hal ogen pl asma is
generated by energi zin ., the_source-gas in.a mcrowave field having a
frequency of fPG&%EHBEgaiiGnGHELQ&CQHGuF igaddy afyfpeRcentyation g ha?ogen
pl asma coul d alikeelat irafighnae Froneadiord 310 DR ARIAC TOMBGsbEs ©

frequencies, as a pl asma _or,.UV pl .. Co rcial .ynits f.qr, mcr ve
i nduced pl asnmas are Bai ng‘la@dflﬁ&qpﬂ%;gﬁ’ﬁ ip(‘?qg'f?yg 1 ﬁ’%idﬁ?éw %
N.J.). 5 UnitscbaceRErgtionaod metdlddd pontaminantsomends &id ypeavail abl e

from Technics, [ er I cigdl, v SOUL I

et chi ng unFts g%%ggﬁpp ?eSBthéﬁ eQEanF %ggggb%fg§P%.5F§S§%§%Fgl and
‘Appl i ed Sci enceiddgonethasl wjhimshewswdin ofvthe polycrystaiidneal ogen
plasma is pref @&%g&rﬁak' YRRy 1e¥relle? SR nielt@l 13 P lcohFanimatitisch t he

tenperature of t bu .the source-gas is not in thermal _equilibrium
wWith the -  generally exist to depths ranging from about 1 um to
- about 50 um below the surface. _
10 . The polycrystalline silicon is preferably etched by

the gas-phase halogen etchant until the bulk
' concentration of the polycrystalline silicon is reached.
' The surface of polycrystalline silicon is exposed to the
gas—phase'halogen etchant for a period of time sufficient
15 to etch from about , ‘
1 um to about 50 um. The exact exposure time is not
narrowly critical and is related to the reactivity of the
gas-phase halogen etchant, the type and concentration of
metallic contaminants and the desired surface temperature
20 of the polycrystalline silicon. When the gas-phase
halogen etchant is a'halogen plasma, the polycrystalline
silicon is preferably exposed to the halogen plasma for a
period of fifteen minutes or iess. Exposure times of
several minutes or less are more preferred. When the
25 gas-phase halogen etchant is a halogen gas or a halogen-
containing compound gas, the exposure time preferably
ranges from about 1 minute to about 20 minutes, and most
preferably from about 1 minute to about 3 winutes.
The metal halides, once formed, are removed from the
30 polycrystalline silicon by volatilizing them into an
' . atmosphere adjacent to the surface of the polycrystalline
silicon and then purging them from this atmOSPhere.
Volatilization of metal halides is dependent upon
the temperature of the surface of the polycrystalline
35 silicon and the pressure of the atmosphere in which the
polycrystalline silicon resides. If the temperature of



tenperature of the ionic and/or free radical hal ogen noieties). Al though
the | ow pressure plasma results in 15 only mninmal heating of the

pol ycrystalline silicon, the | ower pressures favor volatilization of the
metal halides at |ower tenperatures. The pressure of the source-gas from
which the | ow pressure plasma is generated nost preferably ranges from
about 0.01 torr (~1 Pa) to about 20 100 ¥¥rr (~1 x [err] Pa). Wile a

hal ogen plasma s preferre

d,_ a_hal ogen gas qr. hal ogen-contai ni.ng conpound
gas which i s néteemrfiass) Ahthe Qﬂ%é@%%qagwel% ISLiean g dheigame as
metal | i cdc?_nt aas'rngri*eal tex ft:_lfa;n hrmieal |vd1@di¢1€§zatiﬁiﬁ tléini)d eHatiure fo’dES a u_u-Tt',al
energi ze i e, .ngn-pl asmati ¢)_ hal ogen gass af fords greater. flexihility
Wi th respect té‘aﬁﬂéioe[ %1‘5‘:‘7"6‘%’1’0tpd'?CA egngﬁm c’ﬁ’ecé‘}?%o’gl é?ﬁ}l’difed"ﬁﬂor
exanpl e, a nonvodadridiized hdlopeErsEy,maf he denpedratiure ft dlHe c
cont am nants i I I ts Il - trol
over the rSact PHFTREE Ut et Py Y thd WLICAH 30 dend FHel] A0
alternativel y vohatiddzation Lamperpdurg atala @dvero prassunre c dhsturkdeyas.

Be or Mo e hal e R T A aled) (12 o
more non- hal oyodatdd igeces Widn %dea?ﬁlﬁeﬁnté)d§%%c?%&ﬂj@1 ofo hthe

polycrystalline silicon. Table II shows the temperature
10 and pressure at_which a variety of metal halides of
interest will volatilize. Without being held to theory,
volatilization generally occurs as a sublimation process,
but may also occur as an evaporation process.
The temperature of the surface of the
15 polycrystalline silicon is, in combination with pressure,
' preferably controlled to facilitate volatilization of the
metal halides. When a halogen plasma is used as the gas-
phase halogen etchant, the halogen etchant heats.up the
surface of the polycrystalline silicon.  The degree of
20 plasma-heating will depend on the particular nature of
the halogen plasma, and upon the duration of exposure to
the plasma. Heating with the halogen plasma requires
coordination with_other process parameters such as the
reactivity of the halogen plasma. Auxiliary heating
25 means, such as resistive heating or other means known in
the art, may also be used to heat.the surface of the
polycrystalline silicon.as a .supplement to plasma
heating. When the gas-phase halogen etchant comprises a
halogen gas or a halogen-containing compound_gas, the
30 surface of the polycrystalline silicon may be heated by
| the gas itself in a heated tubular reactor and/or by
using auxiliary heating. _
The metal halides are preferably voiatilized in the
reaction chamber in which they are formed. 1In this
35 embodiment, the temperature of the surface of the
polycrystalline silicon should be sufficient, at the



9 al so be used. The preferred hal ogen gasses, hal ogen- containi ng conpound
gas, and non-hal ogenated gasses are the sane as those gasses preferred for
hal ogen pl ansa source-gas, as set forth above. The preferred m xture of 5
gasses and concentration thereof are also the sane as for the source-gas.’
The tenperature of the hal ogen gas is- p;ﬁierably sufficient to allow the
hal ogen gas to react with netallic cont nants to formsolid or gaseous
nmetal 10 hal i des, and ref erabl es from ahout, .[.err] ahout
ler]. The sur PRSEaRs G 3 CRrEicidn chaBiak. o o YalRbiniRe rHed st
after the hal opaliges kasl lt@etpnervtemtdmedﬁpamudme qfea:heowodlatuﬂemed o]

facilitate for H@tla nh%.fl 0 th ultktil%l TsQ:Frfa%teh%rf tt'i@aﬂlgdﬁ n]e5 thé

metallic contamnants i'n he polycryst ‘ne“sili con Based

upon free ener @ilicen.deMhenometaldisy centiagdnangemsusidias) Neot Beefashe
metal lic cgntamnaghs @, ot 8l &”@m@z@%&%%ﬁe%ﬁ'h ftqieogj% %fgs% ni ng

conpound gasses at 1 errper at UI’ es greater .than about [err] wever

the metal hali aééos&nn@&cha%m faﬁbmle hérlé%amrgﬁ $smpexatiuge of
hal i des. Vol at ichleZ auir¥acef dﬁ%wbﬂy&wtﬂ@ﬂr@%ﬂqwmlﬂw tHRAui res
significantly hl%ﬁl’ t enper at ures, i scyssed | ow, .25 @cﬂthoggh :
the present in¥& allﬁ/p&' % gr fhan @ahopt 2

metal lic cont am:nanp&'efsrswrlet Ness than about 1300 Pa.



surface of polycrystalline silicon, it is particularly directed to renoving
‘alkali, alkaline earth, and transition netals therefrom A significant
amount of 30 transition netal contaninants such as iron, chrom um

cobalt, nickel, copper or titanium are suspected of being deposited on
chunk polycrystalline silicon. Al kali nmetal contam nants such as sodi um and
pot assi um appear to be nost preval ent onidranul ar pol ycrystalline silicon.
Each 35 of these contam nants, however, as_well as others such as
calcium are present on both chunk anSABLE.EE 10 polycrystalline
silicon, typically at concemolatilizatidins Teaip@iraturedn about [err] to
about [err] noles. Due tamliaPféssared dbcSoméyMevalalialbdesi|icon, the
concentration of netallic contanlnants tends to be 5 greater at and near

the surface of’ g pOT yCT yS] @ > = —7
pol ycrystal lli ne siJicon. G patéf€ Iaé-'vel S of rreFaPFl c cent am r?&-'ntﬂeF generfpl Iy
exi st to defpths rangi ng from allottord [ ey r] 40 sbowt 5Q|}H1¢0bebnm/thq
surface. 10} The pol ybrysj_gblpge bi | |.cgno spgref er.qb,ly ,etﬁ!eqbab i t he
’ } Lacaondat alboont o H tlha ol ‘
gaS' phase h Uv\/ T CLU UTTCATTU A% 'IL*I‘I LAY LAY N ’
poLycrystaIglnamsdl|cnaF|s eachello The surfassoof polycrystadu ne silf§i con
I's exposed fo the | Nacl 360 480 500 |
' } NaBr 280 300 400 l
5 K KF 450 470 ——--
; KCl 400 430 ———— |
. |
| ca CaF, 850 900 - ——— §
} ~ caCl, 430 530 -———-
| CaBr, ———— 450 ——-- }
V
[ o TiF, | 25 25 : ———- i
] | | mic, | 25 25 S |
1 TiBr, 25 25 —ua- [
{ Cr CxFg 25 25 ---- '
| crcl, 25 25 ---- |
| - |
| Pe FeF, 225 275 275 |
| ~ FeCl, 25 25 75 |
| FeBr, 225 275 325 i
! ' -
10f co CoF, 480 500 580 |
1 CoCl, 200 [ 250 270 |
CoCl, 25 25 25 1
!
Ni NiF, 475 525 —--- |
Nicl, 250 . 300 ---- '
NiBzx, 225 . 275 - ‘
Cu CuF, 375 . 425 ' 425 '
CucCl, 275 __ 325 375 '
CuBr, 25 28 | 25 |

As seen in Table II, however, the halides of some
_ metallic contaminants have relatively high volatilization
i5 temberatures, even at very low pressures. For example,
CaF, requires a temperature of about 850 °C to volatilize



gas- phase hal ogen etchant for a period of time sufficient 15 to etch from
about 1 [err] to about 50 [err]. The exact exposure tinme is not narrowy
critical and is related to the reactivity of the gas-phase hal ogen etchant,
the type and concentration of netallic contam nants and the desired surface
tenperature 20 of the polycrystalline $ licon. Wen the gas- phase

hal ogen et chant is a hal ogen plasma, the %olycrystalllne silicon is

preferably exp %ever&f%n%%nlﬁf%&% a %{éﬁ)&r@ ;déﬁeen m nut es or

| ess. Exposur €5 Or Tess are re preferred. Wen
the 25 gas- pmmtogaa ammtameblmlwmg puxickianhdieaing

cont ai ni ng CO”%QH%Q) ez?mg r¥pfm_p I a t 1
m nute to about 20 m nut es nost pre erablﬁ{q.fr%rf% Olr}%?smér#q{%@b‘?éj
about 3 mi nut eslesiakia fo theatydhe (ﬁ1-b1éf"=¥QﬁF the oolrmrparalbine he 30

pol ycryst alg i neyiSiilddiPiedYsuh Hidh Zidmp Y O 3 PP YBMPSr DA BESNt 10

the surface of.t pol talline sili t hen purglng then1fron1th|s
at nosphere. Vol"’&'trﬁl 4%1 m%ﬁasfﬁlti%fes‘ﬁrgf dette Hommetallic
tenperature of infpRuSiyifess o ¥im tdlee rmimwt:aiﬁo rtﬂxe?ﬂoulléldﬂ aghe and t he
pressure of the nqu ere .d.n wWjic he po cr staII ne silicon resides. If
the tenperatur go@.}yc ﬁqzr?éﬁs:lfﬁ \zgég.éurg?é e %‘ %&‘t al rf PG 1524851 s the
same as therefore, it may be less preferable to volatilize the

10 metal halides with such high volatilization temperatures

in the reaction chamber.

In an alternative embodiment of the invention, at
least some metal halides are volatilized outside the
reaction chamber. For example, metal halides which are
15 not volatilized in the reaction chamber may be
volatilized in a'crystal puller during a subsequent
crystal pulling step. In the CZ crystal puller} the
polycrystalline gilicon is melted at temperatufes greater
than about 1410 °C and at pressures ranging from about 10
20 torr to about 20 torr (ébout 1300 Pa to abdut 2600 Pa).
~ Such temperatures and pressures are, in combinatiop;
sufficient to volatilize even calcium halides.
Preferably, the metal halides volatilized in the _
reaction chamber include the halides of Na, K, Fe, Ni, or
25 Cu. In such a situation, the temperature of the surface
of the polycrystalline silicon in the reaction chamber
preferably ranges from about 200 °C to about 500 °C with
the pressure of the reaction chamber being less than
about 130 Pa. _
30 Once volatilized, either within or outside of the
reactor chamber, the metal halides are purged from the
~ atmosphere adjacent to the surface of the polycrystalline
silicon. The metal halides are preferably purged away
from the surface of the polycrystalline silicon as soon
35 as they'are volatilized, to minimize redeposition onto
the pdlycrystalline surface.



or-greater than the volatilization tenperature of a netal halide at a given
pressure, then the netal halide will volatilize. Conversely, if the
tenperature of the 5 surface of the polycrystalline silicon is |ess than
the volatilization tenperature at a given pressure, then the netal halide
will either not volatilize, or if already volatilized, will redeposit onto
the surface.of the polycrystalline silidéh. Table Il shoms the tenperature
10 and pressure at, which a r of netal halides of interest will

t
vol atili ze. VVthoEPebBPﬁglﬁglGggo%?h§§ﬁ9°t§6I§Y|Fh?a?FGHogeﬁgréhﬁy occurs

as a SUb|InﬁtIQﬁspph&ﬁ&shambbeﬁﬁétahﬁﬁtoﬁﬁuﬁta%eaatﬁvﬁﬂehathénmEtaQQi% The
t enperature of _t

f 15 I I :
conbi nati on mn?ﬂng?@§§aP 5 %ng8g§5P§aE§ﬁt¥ ¥S&ﬁFob$ X?%V%&PEIIHe
vol atilizationgblitcbn. nemalshehldedynuhia aehetdgansybaema ebouted.2s t he

gas- phase hal Qgen et t dedds f the
pol ycrysta I | ngﬂsﬁﬁeclg% ﬁgrequfﬂ}% i asrra- a1 ngﬂ‘;&‘%?l %f?%en

t he part|cularraqumredotOtneanal§Qenmptaéhac govtapinanke abr fypdcadf
exposure to thg oﬁk at iBal 18¢eWst N hhguﬁakogﬁﬁ Ehéﬁ”ﬁaEéqBErﬁﬁout 10

coordi nation wt er _process paraneters’su e reactivity of the
hal ogen p|asnastﬁaéarﬂalytﬁﬁatpﬁg minutgegfisa gashmixture of whigbathey o

otrer ne?nslknﬁ&motantbasabk hE®Y ahse?hfauﬁgﬂgteoﬁgahnahgaaﬁrfafﬁ of the
pol ycrys i ne_si p ge n o.p eatin en e
gas- phase aloﬁgﬂs }gﬁgﬁ gﬂﬂE g gg about 8§ngy volume& is generally

- sufficient to supply the halogen reactant for metallic

contaminant concentrations ranging from about 10°° to
about 10°° moles. Higher concentrations of halogen gas or
pure halogen gasses may also be used in such a dynamic

15 system. Additionally or alternatively, the metal halides
can be purged after the reaction, preferably with. an
inert gas. When'the'purging is done using an inert gas,
the flow rate thereof is not critical. Purging the '
reaction chamber also serves to cool the polycrystalline

20 silicon. However, to prevent redeposition of metal
halides onto the surface of the polycrystalline silicon,
the surface -should be cooled only after the volatile
metal halides have been completely purged.

It is also desirable, in the preferred embodiment,

25  to prevent deposition of the metal halides on the reactor
chamber or elsewhere within the purge gas flow path, to
avoid accumulation of such contaminants over time. The
exposéd surfaces of the reactor chamber and other
portions of the purge gas flow path are preferably heated

30 to a temperature sufficient to prevent deposition of the
‘metal halides thereon. Additionally, the metal halides
may be collected in a cold trap located in the purge gas
flow path downstream of the reactor chamber. To be
efféctive,pthe cold trap preferably comprises a rough

35 surface, fins, and/or other means for obtaining a large
surface area over which the purge gas can flow, and is



hal ogen gas or a hal ogen-contai ni.ng conpound gas, the 30 surface of the
polycrystalline silicon may be heated by the gas itself in a heated tubular
reactor and/or by using auxiliary heating. The metal halides are preferably
volatilized in the reaction chamber in which they are formed. In this 35
enbodi nent, the tenperature of the surface of the polycrystalline silicon
shoul d be sufficient, at the 12 pres%gre of the reaction chanber, to

volatilize the ali des and t r t d t f,t
nmetal halides Rﬁﬂ’%? #%d‘ﬁ’d&rea’cﬂe‘ftit s re ‘?’fs%esl D Il-'e"(M]OJhatl 1 zed
;n;;glt Lhcw_cg)ﬂt ?ja 675191137 ﬁesﬁ;:sﬁﬂ:m d€ tﬂse d&ei;a]]':chaﬁded:e Iio addltm:oﬁ:utare

Fo)
t enperature oftq}%%@[ff&&aep'ogr?%ggh%e%gﬁ? alﬁl ne Si | con I n fﬁ%react i on
chanber is preaflaraigly ayrhakegen serubban andfqQr £ikltemsessure | ess than
about 130Q Pa. hdd Bidoida Ve i d1&d @ p Bt 4 Pine silicon is

removed from the reactor chamber and is stored in a high
purity Czochralski type fused quartz crucible with a

~ minimum of handling and storage. The type of crucible
commercially available from GE Quartz (Cleveland, OH),

10 Toshiba Ceramics America (Hilsboro, OR), and QSI Quartz
Scientific Inc (Fairport_Harbor, OH) is suitable. 1In
addition, the equiphent used to handle and process the
cleaned polycrystalline silicon is selected to_eliminate'
exposure to metallic contaminants. Tongs used to

15 transfer the polycfystalline silicon to the crucible are
preferably constructed of silicon or quartz. This
preférred procedure may be repeated if necessary, until a
sufficient amount of cleaned polycrystalline silicon is
obtained for growing a single crystal silicon ingot.

20 To eliminate possible recontamination during
transfer or storage, the cleaned polycrystalline 9111con
is preferably 1mmed1ate1y charged to a fused quartz
crucible and melted to prepare a mass of molten silicon

_ for use in producing a single crystal silicon ingot by
25 the Czochralski method. |
The CZ melt down procedures may need to account for
the fact that polycrystalline silicon cleaned with a
halogen plasma is more reactive than uncleaned
polycrystalline silicon. Without being bound to any

30 theory, it is suspected that cleaning the surface of
polycrystalline chunks or granules with a halogen plasma
may activate some surface sites for adsorption of either
metals or carbon. The rate of melting polycrystalline
‘gilicon is preferably empirically determined to provide

35 single crystal silicon ingots with_reduced contaminant

| CQntent, metallic or otherwise, relative to single



and Pressures of Sonme Metal Halides [err] at [err] at

[err] at 1 torr 10 torr 100 torr -130 Pa - -1300 Pa

-1.3 x 104 Pa Na NaF 510 550 ' 580 NaC

360 480 500 NaBr 280 300

400 5 K KF 450 - 470 ---- Kd 400
430 Ca [err] 850 9001ferr] 430 530 [err]
---- ~ 450 Ti ierrg . 25, 25 [err]. . 25

25 [err] crystal silicopcingots wlP:bq:h]have not Jboeen cleanedgg,llfl@ra]
25 ZEhflebgen ﬁﬂéﬂla- 225 275 275 [err]
25 25 Th % rﬂé 225 . 275

325 10 Co [err]The procm o preggpt invention ¢ap ]T%r‘?‘ﬁ'ed to
200 25flean a large va¥liéteyrdf metalPic contaminan®®, and can

ggSNi [§rr]_}§l &sed 41:‘? eglace of, %?\Lﬁ;fementahzéé Oconventlona?’.go [err]

cleaning methods known in the art. The following example
is intended to be exemplary of the analysis used to
determine the preferred process parameters for removing a
particular wmetallic contaminant. A similar analysis

10  could be employed by a person of ordinary skill in the
art for other metallic contaminants.

Example 1
Iron is typically present on the surface of
polycrystalline silicon, and particularly on the surface |
15 of chunk polycrystalline silicon. Thermodynamic and
' equilibria analyses are performed to determine the
preferred process parameters for removing iron from the _
surface of polycrystalline silicon. Commercial software
is available to perform’these analyses with quickly and
~ 20 with high accuracy. HCS Chemistr Windows (Outokumpu
Research, Finland) is exemplary of such a commercial
software. _ . '
"Gibbs free energy analyses are done to determine
potential metal halide reaction products when iron reacts
25 with a variety of gaseous halogen molecules, ions, or
free radicals (e.g. F,, F- or F). Similar analyses could
be done to determine the values for other halogen
moieties. .
Based upon the Gibbs free energy values, the most
. 30 prevalent metal halides for a particular halogen moiety
are determined. As seen in Table I, the most stable iron
halides formed are FeF;, FeCl,(g) and FeBr; for fluorine,
chlorine and bromine free radicals, respectively.
Once the most prevalent metal halide has been
35 determined for the various gas-phase halogen etchant



[err] - 275 325 375 [err] 25 25
25 As seen in Table Il, however, the halides of sone netallic contam nants
have rel atively hlgh_volatilization 15 tenperatures, even at very |ow
pressures. For exanple, CaF2 requires a tenperature of about [err] to

vol atilize 14 at a pressure of about 130 Pa. Although such tenperatures
are attainable using auxiliary heating an8/or tubular reactors known in the
art, it may not be desirable to heat the surface of the polycrystalline 5

silicon to suclswa't:g!m& emphtatqmdeﬂatjtm teqq:idrid:minm andlyspmeare |y
i ncrease the di rlﬁ%, q._tf t ‘El-l%('t%é xté}ﬁxrséﬁfaﬁfc? into-
polycrysta un

the bulk of th S or ules SoOne cases,
therefore, it mﬁmﬂ%sﬁltpr‘@’ﬂéﬂamf@ t“!?t\Ril eharllli% wild mplatdgiige hal i des

with such hi gh pg guatéd Ilz%tﬂdorz téif&iﬂé&di!ﬁ?bffh it d eatdtdn Cé@rﬁ&fl bagan
alternative enmbo aI| ds are

vol atilized ouf§de FﬁegpeEE’FFoR (’:ﬁaﬂbgﬁ) PBFleéQQmSPEr RE?-aP PFaP-PdeEan ch
are 15 not vdlesipddtdaeklyl tfspecﬁaﬁﬂdmye,ha?ﬂg&rrdﬁm Rehd/ @ afHdwzett in a

SLYFL?{ Fﬁgler ?Prln é%ﬁ%é 1v'“%¥eé§Q§§é? éh ﬁ%éﬁé?%tfohto ﬁ:ifégstal
' products, in moles of solid or gas, as a function of
temperature for the system in which free radical halogens
10 react with about 1 x 10° to about 1 x 10™® moles of
contaminants, and in which the halogen plasma is
energized from a source gas comprising 1 mole of halogen
gas in 10 moles of argon.
Comparison of Figures 1 and 2 demonstrates the
15 pressure dependence of the volatilization teﬁperature for
this system. Figure 1 shows that, at 10 torr, all of the
metal halides are in gaseous form at temperatures as low
as 25 °C. 1In contrast, Figure 2 shows that at 100 torr,
solid FeCl, and Feci,'volatilize at about 75 °C.
20 . This thermodynamic and equilibria data is determined
" for the various contaminants present on the surface of
the polydr?stalline silicon. These contaminants are then
removed according to the method of the present invention.

The explanations and illustrations presented herein

25 are intended to acquaint others skilled in the art with
the invention, its pr1nc1p1es, and its practical
application. Those skilled in the art may adapt and
apply the invention in its numerous forms, as may be best
suited to the requirements of a particular use.

30 Accordingly, the specific embodiments of the present
invention as set forth are not intended as beiﬁg
eXhaustive or'limiting of the invention.



polycrystalline silicon is nelted at tenperatures greater than about [err]
and at presSures ranging from about 10 20 torr to about 20 torr (about
1300 Pa t o abpysheddHas Heen Rep h tenperatures and pressures are, in

conbi nation, s t l Flatilize even cal cium halides. Preferably, the
met al hal i des w - §§l t he reaction chanber ipg de the halides of
Na,” K, Fe, N, Cu. In such a stuation, thf VYR,

surface of the polycrystalline silicon_in the react
ranges from about [err] to about [err ELAIME {he pre o HEMGERD r eacti on
chanber bei ng wesslat@pn about 130 Pa. 30 . Once volatilized, e her

W thin or outsjde of the_reactor c?anber the netal.halides, are purged from
the atnosphereradj acent FoPFRESER, gfer%?oYh%gpﬂ?éﬁ%@%?a???ﬁ%mépng n. The
nmet al hal i des fremptlé esabfyceuofechankyotrgranhtkasupdbygerpétadbiine

pol ycrystallingssilico 35 as they are volatilized, to mnimze .
redeposition cﬁ%%#%ﬁé %%ﬁé%?%gﬁgrline surface. 15 The purgi ng can be
effected by the action o&.thexpesiptatke mebabhict conbhamimantsrandt theith

the netall4 c contam nants a2§§¥%%fyéﬁéﬁ?ig¥§%iiggoﬁo£gc5y§;nghggesiIicon.

I n such a dynam c reaction . .
' logen etchant which reacts with the

exposed metallic contaminants to form metal

halides;
b. wvolatilizing the metal halides into an
10 atmosphere adjacent .to the surface of the

polycrystalline silicon; and
c. purging the volatilized metal halides from
the atmosphere. '

2. The proceés as set forth in claim 1 wherein the
gas-phase halogen etchant éomprises a halogen plasma.

3. ' The process as set forth in claim 2 wherein the
metallic contaminants include Na, K, Ca, Ti, Cr, Fe, Co,
Ni or Cu, and wherein the halogen plasma is generated by
energizing a source-gas comprising a halogen gas or a

5 halogen-containing compound gas at a pressure ranging

'~ from about 1 Pa to about 1.3 x 10* Pa.

4. Thelprocess as set forth in claim 2 wherein the
halogen plasma is generated'by energizing a source-gas
comprising a gas selected from the group consisﬁing of
fluorine, chlorine, bromine, iodine, chlorocarbons,

5 fluorocarbons, chlorofloufocarbons, and halogenated
hydrocarbons. '

5. The process as set forth in claim 1 wherein the
gas-phase halogen etchant comprises a halogen gas or a
halogen-containing compound gas.

* ¢ L M s =%
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5 [err] of_hal ogen-gas—er—hal-ogen-contai ni ng conpound gas is required to

react the netallic contanlnants at typical contam nation |evels. A purge
gas flow rate gm’ﬁ‘ﬁﬁﬁ fdard liters per mnute of a gas m xture of
whi ch the halo H H gen-cont ai ni ng conp itutes
about 1%to ab me is generally suffj SrHEES HABBEEN f he

hal ogen reactant for-metallic contani nar®0 concentl ati oREPLAQER ng f fom about
10-9 to about [err] noles H gher concentrations of hal ogen S—OT pure
hal ogen gasses6may al so EheupgecensSaehsatdﬁnahhc1n5claswsﬁewgere1n the
Addi ti onal | y Oﬁeeaiiaeaabﬁehmlnahesnﬁhéhuaa'N268xcaaabewﬁur@%d #k! el he

reactlon pre erab y an | nert gas g IS done USI ng an
i nert gas, theN+|QWvFateapﬁewésreF§ kbe EPNPPEaFurPupgu het halpgss: gas

chanber also ssfvnalbgeﬁoebntaenmﬁg yebMpbahli gas2@angékl Feom abbawepsr, to

prevent redepogit es onto the surface of the
polycryst |nebs Egﬂ gEhgosu face should be cooled only after the

vol atil e netal halldes have been conpletely purged. It is also desirable,
in the preferrgd enbodi 0 n 03t f et I

hal i‘des on thesfeactor nﬁ ggggﬁsélggmgge Eog?ﬁ 1h higlﬂ 5ea§§s #?b&hﬁath
to avoi d accungaatpbasef haliogevostahaninis av9a9tsnéectnd xpws&hesur f aces

of the reactOr?faagbeanamgtﬁhaesfpe&hbeaﬁe ch@sr@uégebgealhbowlsaaheare
preferably hea to erature suf ﬁéent to grevent deposition of

the netal hal |ﬁB%OFHEPEBﬁnsAdSP-PPSHSPF!}’W‘FHec pEPEfQuraserb ons,

5 halogenated hydrocarbons, and boron trichloride.

8. The process as.set forth in claim 1 wherein the

metallic contaminants and the polycrystalline silicon are

exposed to the halogen etchant in a reaction chamber, and

wherein the metal halides are volatilized in theJreaction
5 chamber. |

9. The process as set forth in claim 1 whefein the’
metallic contaminants and the polycrystalline silicon are
exposed to the halogen etchant in a reaction chamber,
- wherein the metal halides of at least some metallic
5 contaminants are volatilized in the reaction chamber and

wherein the metal halides not volatilized in the reaction
chamber are volatilized in a crystal puller dufing a
subsequent crystal pulling step.

10. The process as set forth in claim 1 wherein the
| polycrystalline'silicon is etched by the gas-phase
halogen etchant until the bulk concentration of '
. polycrystalline silicon is reached.
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nay be collected in a cold trap Iécated in the purge gas flow path
downstream of the reactor chanber.;To be-effective, the cold trap
pr-ef erably conprises a rough 35 surface fins, .and/ or_ ot her neans for

obtaining a large surface area over which the purge gau79ﬁp§gtéfv IEEE—]
d

16 preferably maintained at a tenperature sufficientlyjfl
deposition of the netal halides. In addi 8ton to the cokd fr puUrg
gas is also preferably assed through a hal ogen scrubber and/or filter. 5

Once cooled, the clean€ g 'Et WBﬁE1§|C EEHMI§3F$§DFBGKfron1the
reactor chanber and i sSTHEEGSURFAGE OF; 34 - aiSaLUNype fused
quartz crucible with a n1n|nun1of handllng and storage The type of
crucible commercially available fromGE Quartz (d evel and, OH), 10

Toshi ba Ceraniéiﬁﬁﬂﬁﬁifa (HiI'sboro, OR), and QSI Quartz Scientific Inc

(Fai rport Harbé#s S suitable. In addition, the equi pnent used to
handl e and process the clzgpsscess yioy stemdvimy sétaliie scomt animsht ®

The botyor ot bt Sy Thdedde i ARAENE ordifar SO APsar LIAC
silicon or quamidicon s‘l-q)rtbtmlw@-r oc%r!@ehmljl mpwnmamfs recessary,
until a sufficCigHosdPUWY £igdd GHEsE MR VSGett (X EhIfE WRiW rddets with
the metallic contaminants to form metal halides. The
gas-phase halogen etchant is preferably a halogen plasma.
10 The metal halides are volatilized into an atmosphere
adjacent to the surface of the polycrystalline silicon,
and purged therefrom. The cleaned polycrystalline
‘'silicon is used to prepare a mass of molten silicon for
use in producing a single crystal silicon ingot by the
15 Czochralski method.
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obtai ned for growing a single crystal silicon ingot. 20 To elimnate
possi bl e recontani nati on during. transfet or- :st.orage, the cleaned

pol ycrystalline silicon is preferably |nned|ate|y charged to a fused quartz
crucible and nelted to prepare a nmass of nolten silicon for use jin
producing a single crystal silicon ingot by 25 the CzodhfighdHEETEHADBEEN
The CZ nelt down procedures may need to account for the f ct t?ﬁPLACED

pol ycrystalline silicon cleaned with a hal ogen plasna | S Boke—+eacttve T1a
uncl eaned pol ycrystalline silicon. Wthout being bound to any 30 theory,
it is suspected that cleaning the surface of polycrystalline chunks or

granules with a hal ogen plasma may activate some surface sites for
ting polycrystalline

adsorptio
silicon isfprdfferabfy v@le 35 single crystal
silicon ingotgfwithre ngtal-lic or otherw se,
relative t ' shifch have not been cl eaned
with a halpgedfpl a ht ifnvention can be used to
clean a | arge i \arl y anq can 5 be used in place
of, or su Iemgntal to S
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cleanrng met hods known in the art. The follow ng exanple is intended to be
exenpl ary of the analysis used to determ ne the preferred process
parameters for renoving a particular nmetallic contam nant. A simlar

anal ysis 10 could be enployed by a person of ordinary skill in-the—art
for other netallic contam nants. Exanple 1 Iron is typica WIS)SHEEﬁHASrBEtENe
surface of polycrystalline silicon, and particularly on the surRERUACEB of
chunk pol ycrystalline silicon. Thernodynanrc and equi l i br te—enetysSES ar e
performed to deternrne the preferred process: paraneters fa@r renoving iron

fromthe surfad® Upr—) . ftware is
.'aly~-s ff0 qui ckify and} 203 ~with high
VVnooms "rtokunpﬂ Respprclg, Finland) is

avai l abl e to p¢g

accuracy. HCS G
exenpl ary of syeh . Ae.i (Jbbs | nefdgy anal yses are
done to deternine pbtent}i al -taI hal §fe\rjeact pdugt s when iron reacts
25 with a varfi et¥¥of dasegls hgl oge N jecul ¢ s, Jor free radicals
(e.g- [err] or jE). ufﬂn1|ar al vdes cedl d¥be d de m ne the val ues
for other haIOnen“ﬁDretres. aseq upo he &b efpes gy val ues, the
nost 30 prevdle 'dﬂtal hplli deq forf and? Gcplar Mal ofen moiety are
determ ned. Asj]seepj e TFabl pjll , tjhe st dtabl ¢ irqif-haji des formed are
[err] and [err o] G wrrmk e B
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chltorine and brom ne free radicals, respectively. Once the nost preval ent
netal halide has been 35 determ ned for the various gas-phase hal ogen

et chant . 18 systens under consideration, equilibriumanaly T

performed to determ ne the range of tenperatures and pressur gﬁgﬁAﬁHWGﬁr§HEET
nmetal . halide will volatilize. Figures 1 and 2 show equilibrip Hata rel ated
to [err] and 5 . [err] at 10 torr (~1300 Pa) and 100 torr (~f.B ¥.1EEBI1997
Pa), respectively. Specifically, Figuresg 1 and 2 show, at thgiy respective

pressures, the-concentration of halide products, in noles off sorrd—or—gezs:
as a function of tenMCHBANING foF MEFALYEC cCONTAMINANTS reroMaldi cal hal ogens

10 react with aboutTHE XSURFACE {OF BPOLYCRYSTARLINE n@TBECON cont am nant s,

and in which the hal ogen plasnma is energized froma source-gas conprising 1
nol e of hal ogen gas in 10 nol es of argon. Conparison of Figures 1 and 2

denonstrates the 15 pressure dependence of the volatilization tenperature
for this syst 8BSTRACTire 1 shows that, at 10 torr, all of the netal halides

are in gaseous form at LEHYJRAHLY AT Wiy Mivd11ild chltdfitantd gure 2 -
shows that at 100 torr, solid [err andtéfrr! Vﬁ!atlllze at ahaqut [err]. 20
i , .

Thi's t her Rody f&ifM thfd BRI A% Hegolycrystalline

silicon is disclosed. The metallic contaminants are
exposed to a gas-phase halogen etchant which reacts with
the metallic contaminants to form metal halides. The

. - gas-phase halogen etchant is preferably a halogen plasma.

\ 10 The metal halides are volatilized into an atmosphere
adjacent to the surface of the polycrystalline silicon,
and purged therefrom. The cleaned polycrystalline
silicon is used to prepare a mass of molten silicon for
use in producing a single crystal silicon ingot by the

i5 Czochralski method.

Fig 1



for the vari ous contam nants present . on the surface of the polycrystalline
silicon. These contaninants are thenirenoved. according to the nethod of the
present’ i nvention. The expl anations and i |l ustrations pr
are intended to acquaint others skilled in the art with tlheg
princi.ples, and its practical application._ Those skilled
adapt and apply the invention in its nomerous forns, as
to the requirenments of a particular use. 30 ° Accordlngl
enbodi ments of ‘the present invention as set forth are no

Yy be best sui
t hb1E8: 1997c

nt ended as b

exhaustive or limting of the-invention. 19 W claim} 1.
process for renmoving netallic contamnants fromthe surf
granul ar polycrystalline silicon conprising: a. exposi ng the netal
cont am nants and eimgueregerer-mivers e Shal ogen et chant
in a reaction chajh ifng Mfh 4h& exposed
nmetal |l i c contam ngnt i 1 b. .vol Bfilijzi ng the netal
hal i des of at le .
3
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sone netallic contam nants into an atnosphere adjacent to the surface of
the polycrystalline silicon;
fromthe atnosphere; and d.
hal i des not volatilized in the reaction chanber
a 2., The process as set forth in,claim1 wherein the
hal ogen et chant conprises a hal ogen plaswa. 3.

forth in claim?2 wherein the netallic contam nants i ncl ude

C.

purging the volatilized nmet=t

HREPLBECEMENT SHEET

vol atilizing at

| east sone of
in-a crystal
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L .
ITAUAT T ooy

The prjo

pul Ter daurimy

EREB 97

Ga Ii
s S -

LAY A=

Cr, Fe, Co, N -or Cu, and wherein the hal ogen plasma is gengrated by
energi zing a source-gas conprising a hal ogen gas or a hal ogem- contarmmg

conmpound gas at a vy .3 x [err] Pa
REPLACEMENT SHEET 0 he groce as, set {forthj i nfjctai m 2 wherein
t he hal ogen pl as i sjpgenerjat eqd by gner gl aAnd a sadur ce}pas Jconpri sing a gas
selected fromthe | ng daf _fl Lori irom ne, i odine,
chl orocarbons, fl Joroghrborls, ¢hl ordf | ouglckribons} and] hal qgenat ed
hydr ocar bons. ' '
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; .. . . -
5.. - The process as set forth inclaimil mhereln t he gas-phase halogen
etchant conpri ses a hal ogen gas or a hal ogen-cont ai ni .

THe process as set forthin cIa|n15 wherein the netallm&Pbmﬁﬂﬁﬂﬂn

include Na, K, Ca, Ti, C, . "Co, Ni or Cu, and wherlei ) enperature of-
t he hal ogen gas or hal ogen- contalnlng conﬁgund gas rahges & 4099t {29
[err] to about 900 [err]. 7. The process as se ﬁr I n cla 5

wherei n the gas-phase hal ogen et chant iggglggg sel ect pdiLirom-t-he—group
consi sting of fluorine, chlorine, brom i ne, ch orocarbons,
f1 uorocar bons, cWeorbaimurocarbons, hal ogenat ed hydr odasbomsTand bor on

trichloride. 8. 4, TheA%P&éé.Ss afofefenﬁé‘(riﬁg'tﬁb@éﬂﬂ: ledhCififants

metal | i c contanminants and the polyc ysta Ine stlicon are exposed fo the

hal ogen etchant ¥¥Om $Recsubiaes phcFhunk CHHIFMLARPALYEFYSER HERE ar e

volatilized in t&elicskt tORpElSIRg! - 9 The process as set forth |n
claim1l wherein the netallic contam pants andq%¥i} talllnEHF*
are exposed to the hal ogen@et ch&¥POFing Fhe g & taI

hal i des of - at | east sone netalIp@lgeﬁyeﬂalmﬂﬁessﬂmacmnlablélgaskphaadme
reaction chanber and wherein th S {00L, lafillz ' h
reaction chanber are volatili zeg'l Hﬁtg%nc?g arl‘et £ é&ﬂ:ﬁ &ga Zothe

crystal pulling step. halogen etchant reactlng with the exposed

metallic contaminants to form metal
halides;
b. volatilizing the metal halides of at least

some metallic contaminants into an

atmosphere adjacent to the surface of the
polycrystalline silicon;

c. purging the volatilized metal halides from
the atmosphere; and

d. volatilizing at least some of thé metal

halides not volatilized in the reaction

chamber in a crystal puller during a

subsequent crystal pulling step.

2. The process as set forth in claim 1 wherein the
gas-phase halogen etchant comprises a halogen plasma.

3. The process as set forth in claim 2 wherein the
metallic contaminants include Na, K, Ca, Ti, Cr, Fe, Co,
Ni or Cu, and wherein the halogen'plasma is generated by
energizing a source-gas comprising a halogen gas or a
halogen-containing compound gas at a pressure ranging
from about 1 Pa to about 1.3 x 10* Pa.
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REPLACEMENT SHEET 21 10. The process as set for
the polycrystalline silicon is etched by the gas-phas eREQa_AEGMEN'étSHEﬁt
1

rein

unti.l. the bul k concentration.of polycrystalline sili¢ogt+s—reacted:

A process for renpving netallic inpurities fromthe. 3u f@ge’a& o] _
granul ar polycrystalline silicon, the pro? gss conpri gi : %& osiﬁg t he
nmetallic contam nants and the polycrystal Ine silicon t P

hal ogen pl asma which reacts with the exposed netalliq contaminants to form

net al halides and et ches t@ﬁep§k¥§%¥§tgglég€ fé&tﬁOﬂn alﬁazqaﬁé%gigsr "

bei ng generated n,a reacilon enérgi zing a ST 2 gas conpristng
a hal ogen gas or ﬁé?gﬁﬁnp Bﬁ@élhFngeﬁﬁﬁiﬁﬁﬂdbﬁa%n$¥9%ﬁ¥ﬂ§r%wﬂﬂ%t¢¢e9§s

haY|ng atf[equencympamgigg &rgahlseléite?ﬁfﬁﬁﬁr&hé t ,céﬁﬁi?tTn LI
ol ycrystalline e e en etchant unti e u
o yery B pbEDfer ciTafhAgy el g, ofeafSe . SR i des

pol ycrystalline siTrcon s
into an at nospheftuaupearhenso chioxofiourocirbons, and halogenated

hydrocarbons.

5. The process as set forth in claim 1 wherein the
gas-phase halogen etchant comprises a halogen gas or a
halogen-containing compound gas.

6. The process as set forth in claim 5 wherein the
metallic contaminants include Na, K, Ca, Ti, Cr, Fe, Co,
Ni or Cu, and wherein the temperature'of the halogen gas
or halogen-containing compound gas ranges from about 25
°C to about 900 °C.

7. The process as set forth in claim 5 wherein the
gas-phase halogen etchant is a gas selected from the
group coneisting of fluorine, chlorine, bromine, iodine,
chlorocarbons, fluorocarbons, chloroflourocarbons,
halogenated hydrocarbons, and boron trichloride.

8. The process as set forth in claim 1 wherein the
metallic contaminants and the polycrystalline silicon are
exposed to the halogen etchant in a reaction chamber, and
wherein the metal halides are volatilized in the reaction
chamber.

9. The process as set forth in claim 1 wherein the
metallic contaminants and the polycrystalline silicon are
exposed to the halogen etchant in a reaction chamber,
wherein the metal halides of at least some metallic
contaminants are volatilized in the reaction chamber and
wherein the metal halides not volatilized in the reaction
chamber are volatilized in a crystal puller during a
subsequent crystal pulling step.
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polycrystaﬁtlne SI|ICOn the halides of at |east some petaH-e—CONT
&Y BHFES

heing volatilized in a crystal
step, wherein the tenperature of the surface of the pot yErystal line.si

and the pressure of the repcyi MAR™99, i
| ess than about 1300 Pa; and c.

i s greater than about [err]

fromthe at nosphere.

pul l er duri'ng a subsequprﬂEP&P\%ﬂ'

[72]
_.3

purging £he volatiljbell nétal halides |

10. . The process as set forth in cIEIW I wherein the
polycrystalline silicon is etched by the gas-phase '
- halogen etchant until the bulk concentration of

| polycrystalline'silicpn_isIreached.

11. A process for removing metallic impurities from

the surface of chuck or granular polycrystalline silicon,

the process comprising :

a.

exposing the metallic contaminants and the
polycrystalline sxllcon to a low pressure
halogen plasma which reacts with the
exposed metallic contaminants to formlmetal
halides and etches the polycrystalline
silicon, the halogen plasma being generated
in a reaction chamber by energizing a
source-gas comprising a halogen gas or
halogen-containing compound gas in a
microwave field having a frequency ranging
from 1.0 GHz to about 4.0 GHz, the
polycrystalline silicon being etched by the
halogen etchant until the bulk -
polycrystalline silicon is reached;

volatilizing the metal halides into an

.atmosphere adjacent to the surface of the

polycrystalline silicon, the halides of at
least some metallic contaminants being '
volatilized in a crystal puller during a
subsequent crystal pulling step, wherein
the temperature of the surface of the
polycrystalline silicon is greater than
about 250°C and the pressure of the
reaction chamber is less than about 1300 Pa;
and

purging the volatilized metal halides from

- the atmosphere.



