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priority to U S. Provisional Patent Application No.

60/ 944,017 filed June 14, 2007, entitled THERVAL

CONTROL FOR RI BBON CRYSTAL PULLI NG FURNACES, the
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herein in its entirety. This patent application is

also related to U.S. Patent Application entitled

REMOVABLE THERMAL CONTROL FOR RI BBON CRYSTAL PULLI NG
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invention generally relates to ribbon crystal pulling
furnaces and, nore particularly, the invention relates
to controllln heat within ribbon crystal pulling
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FIELD OF THE INVENTION

[0002] The invention generally relates to ribbon crystal pulling furnaces and,
more particularly, the invention relates to controlling heat within ribbon crystal pulling

furnaces.

BACKGROUND OF THE INVENTION

[0003] Silicon wafers are the building blocks of a wide variety of semiconductor
devices, such as solar cells, integrated circuits, and MEMS devices. For example,
Evergreen Solar, Inc. of Marlboro, Massachusetts forms solar cells from silicon wafers

fabricated by means of the well known "ribbon pulling” technique.



furnace generally has a base fornmed froma solid,
insulating material, and insulation (known as an
w0 adosestsent er”) positioned both above the basePCT/US2008/066860
i nsul ati on and near a growi ng ribbon crystal. [0005]
In general, prior art afterheaters known to the
inventors provide only limgted variability of the
tenperature profile inits ffnrediate vicinity.
Consequently, as it cools, a proximate grow ng ribbon
crystal may contain stresses that detrinmentally affect
it i [ . Thi ' I
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SUMMARY OF THE INVENTION

[0006] In accordance with one embodiment of the invention, a ribbon crystal
pulling furnace has an interior for enclosing at least a portion of one or more ribbon
crystals, and an afterheater positioned within the interior. The afterheater has at least one
wall with one or more openings that facilitate control of the temperature profile within
the furnace.

[0007] In related embodiments, the one or more openings may be in the form of
uniform or variably sized elongated slots. The one or more openings may extend
completely or partially through the wall. The furnace may also include a crucible within
the interior, while the afterheater may be positioned above the crucible. The furnace may
also include a base insulation provided next to the crucible, and the afterheater may be

supported by the base insulation. The furnace may also include a housing surrounding



afterheater may include two portions facing each

ot her, where each portion may include at |east one
wW@00B/15713a3 each wal | may have one or nore openi PGEUS2008/066860

[ 0008] The furnace may al so i nclude a crucible having

at least two string holes that define a vertically

ext endi ng pl ane along a riﬁgon crystal growth

direction, and the one or re openi ngs may be aligned

with an edge of the plane to control ribbon crystal

t hi ckness near the string. The openi ngs may be
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portion of one or more ribbon crystals. The method also provides an afterheater (within
the interior) having at least one wall with one or more openings.

[0010] In related embodiments, the method may further provide a crucible within
the interior and position the afterheater above the crucible. The method may further
provide a base insulation adjacent to the crucible and support the afterheater on the base
insulation. The method may further provide a housing surrounding the afterheater and
attach the afterheater to a top portion of the housing.

[0011] In some embodiments, the afterheater may include two portions facing
cach other. The two portions may permit a ribbon crystal to pass between a portion of the
two portions. The method may further provide a crucible having at least two string holes

that define a vertically extending plane along a ribbon crystal growth direction, and align

the openings with an edge of the plane.



t he openings with an edge of the plane.[0012] In

accordance wth other enbodi nents of the invention, a
woreiokos73ed cool ing a ribbon crystal provi des aP€T/bRN8/066860

crystal pulling furnace having an interior and

positions an afterheater within the interior. The

afterheater has at |east one wall with one or nore

openi ngs. The nethod further grows a ribbon crystal at

| east in part through the interior of the furnace. At

| east a portion of the ribbon crystal grow adjacent to
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Il lustrative Enbodi nents," discussed with reference to

posifings ¢t aiiiThepscrsuithia e Bripr Bl dtcahspta dpog leqsponapalEpah one
1 schematically shows a silicon ribbon crystal growh

or niare npeengsh athemegthodfpirtheegrowss lalribbon atyistad aelaipo di parhthsough the
the invention; [0015] FIG 2 schematically shows a

intcflaF 6f tAk Fdngdét Aavet ¥ bertioRof tHeaiboh RERtL bt adjagnOw the at
furnace shown in FIG 1 with part of the housing

least 60V g4, [0016] FIG 3 schematically shows a
perspective cross-sectional viewalong line A - A of
FIG 2 with the housing renoved according to

BRI} em%lﬁNWﬁﬁﬁR‘wiﬁ(‘ﬁ%”“O” [0017] FIG 4

cross-sectional view along |ine
A - A of FIG. 2 with the housing renoved according to
ent]ooli 3Tertose siilléha the &3 eduld Mo full@ippreciate advantages of various
embodiments of the invention from the following “Description of Illustrative
Embodiments,” discussed with reference to the drawings summarized immediately
below.
[0014] FIG. 1 schematically shows a silicon ribbon crystal growth furnace that
may implement illustrative embodiments of the invention;
[0015] FIG. 2 schematically shows a partially cut away view of the ribbon crystal
growth furnace shown in FIG. 1 with part of the housing removed;
[0016] FIG. 3 schematically shows a perspective cross-sectional view along line
A — A of FIG. 2 with the housing removed according to embodiments of the present
invention;
[0017] FIG. 4 schematically shows a cross-sectional view along line A — A of
FIG. 2 with the housing removed according to embodiments of the present invention;

[0018] FIG. 5 schematically shows a perspective view of a ribbon crystal growth

furnace with the housing removed according to embodiments of the present invention;



[0018] FIG 5 schematically shows a perspective view

of a ribbon crystal growth furnace with the housing
WO eosmgtdinccor ding to enbodi ments of the presePCT/US2008/066860

i nvention;[0019] FIGS. 6A & 6B schematically show a

side view and a perspective bottom view, respectively,

of the afterheater |nsulat| n according to enbodi nents

of the present invention; 020] FIG 7 schematically

shows a side view of the afterheater i nsul ati on

according to anot her enbodi nent of the present
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inventiplace positions afterheater insul ation above base

i nsul ati on and adjacent to the resulting grow ng
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furn | ement illustrative
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interior may have sone concentration of another gas,
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gasses. The interior includes a crucible 14 (as s

afte{rl{éaf 1r %%ula%m? %bov%%aget ﬂgulatgoq{@n% a%c%nt(tg ?l[;reresultmg growing ribbon

crystal. The afterheater insulation includes one or more openings to control the
temperature near the growing ribbon crystal, potentially reducing the stresses within the
growing ribbon crystal. Details of illustrative embodiments are discussed below.

[0023] FIG. 1 schematically shows a silicon ribbon crystal pulling furnace 10 that
may implement illustrative embodiments of the present invention. The furnace 10
includes a housing 12 forming an enclosed or sealed interior that is substantially free of
oxygen (e.g., to prevent combustion). Instead of oxygen, the interior may have some
concentration of another gas, such as argon or other inert gas, or a combination of gasses.
The interior includes a crucible 14 (as shown in FIGS. 2-6) and other components (some
of which are discussed below) for substantially simultaneously growing a plurality of
silicon ribbon crystals 16. Although FIG. 1 shows four silicon ribbon crystals, the

furnace 10 may substantially simultancously grow more or fewer of the ribbon crystals.



of which are discussed below) for substantially

simul taneously growing a plurality of silicon ribbon
w@eoost1si3ss 16. Al t hough FIG 1 shows four sili cReI/DE1908/066860

crystals, the furnace 10 nmay substantially

si mul taneously grow nore or fewer of the ribbon

crystals. The ribbon crystals 16 may be single

crystalline, polycrystalline, or multi-crystalline

silicon. Afeed inlet 18 in the housing 12 provides a

means for directing silicon feedstock into the
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20 peomisiimsptetom afthsintdrooandnscaopmeotsher mat erial . [ 0025]
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grow ng ribbon crystals 16 in a side-by-side

somg othgs -along its length. [0026] The furnace 10

has insul ation that is specially configured based upon
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support or contain a molten material. This embodiment of the crucible 14 has an

clongated shape with a region for growing ribbon crystals 16 in a side-by-side

arrangement along its length.

[0026] The furnace 10 has insulation that is specially configured based upon the
thermal requirements of the various regions in the furnace 10, ¢.g., the region containing
the molten material and the region containing the resulting growing ribbon crystal. Both
of these regions essentially form an interior area through which the growing ribbon
crystals 16 pass. Accordingly, the interior of the furnace 10 includes a base insulation 24
and a liner insulation 26 that together form an area containing the crucible 14, as

discussed in more detail below. The furnace also includes an afterheater 28 positioned

above the base insulation 24 and liner insulation 26 (from the perspective of the



crystals 16 pass. Accordingly, the interior of the
furnace 10 includes a base insulation 24 and a |iner

WO p®eiismsibn 26 that together form an area contBETIUSZP08/066860
the crucible 14, as discussed in nore detail bel ow.
The furnace al so includes an afterheater 28 positioned
above the base insul ation 2é and |iner insulation 26
(fromthe perspective of thedrawi ngs). The afterheater
28 provides a controlled thermal environnment for
permtting the gromﬁng ri bbon crystal 16 to cool as it
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insupgn 2Zgind thyhliinds lmu@tlpoﬁﬁt ilbp eticibpater 2hmay b¢ seppofted hg one or
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I nsul dt1on

28b, which are positioned on either side of the growing ribbon crystals 16. The two
portions 28a, 28b form one or more channels 30 (as shown in FIG. 3) through which the
ribbon crystal grows. Alternatively, the afterheater 28 may also be positioned on only
one side of the growing ribbon crystals 16, as shown in FIG. 5.

[0028] The afterheater 28 may be formed from any insulation material that
provides the appropriate thermal requirements for allowing the ribbon crystal to cool in a
controlled manner. For example, the afterheater 28 may be formed from a graphite or
carbon material, such as carbon foam or graphite foam insulation material. Thus, the
afterheater 28 may be formed from a material similar to the liner insulation 26, as

discussed in further detail below. Despite that, the thermal requirements in the region



provi des the appropriate thermal requirenents for
allowing the ribbon crystal to cool in a controlled
woreeas731For exanpl e, the afterheater 28 may beCT/0820881066860

froma graphite or carbon material, such as carbon
foam or graphite foaminsulation material. Thus, the
afterheater 28 may be forneg froma material simlar

to the liner insulation 26, “as discussed in further

detail below Despite that, the thermal requirenents

in the regionforned by the afterheater 26 generally
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and 6B show one enbodi nent of such an afterheater 28.
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that faces the base insulation 24 and liner insulation
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havi ng the openings 32. [0030] In the enbodi nent
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slots that each have substantially unitormw
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openi ngs 32 may be positioned adjacent to one anot her,
slotyihaheachdappabistagtidht emirmgvidide Alkgrgativedf, thendotoaialy hage
in the vertical direction, as shown in FIG G6A.
varydhg etdihd. | Melther chibedmipei, tdgSopdRinga 2 heny\hard dickkdny shapes cither
aligned on top of one another, as shown in FIG 7. The
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ri bbon region, as well as the material conposition and
opefélrli}g% %{'ﬁ%‘i? bgfpoglﬁgné’%if at,d?e{claﬁta&) She %§othé@%tﬁrthé %e‘ﬂn{gh&tén%n%l the
length of the wall 36 in the vertical direction, as shown in FIG. 6A. Alternatively, the
openings 32 may be vertically aligned on top of one another, as shown in FIG. 7. The
desired thermal characteristics of the growing crystal ribbon region, as well as the
material composition and thickness of the afterheater 28, factor into the total amount of
area of the openings 32 and/or their configuration.

[0031] The size and shape of the openings 32 may be varied depending on the

desired thickness of the ribbon crystals 16. However, in general, the size and shape

should not be too large because the ribbon crystal 16 may become too thick at certain

areas, and/or have undesirable internal strains or stresses. The size and shape of the



area of the openings 32 and/or their configuration.
[ 0031] The size and shape of the openings 32 nay be
wa@ 2008873t pendi ng on the desired thickness of PB¢EUS2008/066860

ri bbon crystals 16. However, in general, the size and
shape shoul d not be too |arge because the ribbon

crystal 16 may becone too thick at certain areas,

and/ or have undesirable intérnal strains or stresses.

The size and shape of theopenings 32 thus should be
carefully controlled to mnimze such strains or

0pe§i%%§ i% %21% s@@%gg?éﬁf_ﬁﬂg%gﬁﬁ)&iédqg glét{ﬂnl?lgg 51%021[) ?/rﬁfn@ |0{ stre&ses and

ete r ou he wall 36 of the afterheater 28.
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wal | 36. [0033] The openings 32 illustratively are
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ri bbon crystal 16 that, absent sone further cooling,
contralweﬁelmthamerlstmmduqmletm@ﬂ theegrgwingfrfrbonregystats hg. For

fragile "neck regions"). Accordingly, the openings 32
cxanple, the cpashit ildmed aean pluralse of e€ingdois dl (§deeF1Gr Bongeceiving

ri bbon crystal 16 to ensure appropriate cooling and
striddWs, Ad 1he s8f% 1285hsiRitk 085 the crucible 14, molten silicon freezes to its
surface, thus forming the growing ribbon crystal 16. Undesirably, there may be portions
of the growing ribbon crystal 16 that, absent some further cooling, may be thinner than
intended (e.g., forming thin, fragile “neck regions”). Accordingly, the openings 32 may
be positioned near those sections of the growing ribbon crystal 16 to ensure appropriate
cooling and thus, the desired thickness.

[0034] For example, two string holes may be considered as forming a plane
extending vertically upwardly through the furnace 10 along the ribbon crystal growth
direction. As shown in FIG. 2, a ribbon crystal 16 grows generally parallel to this plane.
The openings 32 may be positioned or aligned along the edge of this plane or the growing

ribbon crystal 16, as shown in FIGS. 2 and 5, or may be positioned anywhere along this

vertically extending plane, thus reducing the temperature in that region of the furnace 10.



[0034] For exanple, two string holes nmay be consi dered
as formng a plane extending vertically upwardly
wo kosast31z he furnace 10 al ong the ribbon crystBCT/HR2908/666860
direction. As shown in FIG 2, a ribbon crystal 16
grows generally parallel to this plane. The openi ngs
32 may be positioned or aligphed along the edge of this
pl ane or the growi ng ribbon crystal 16, as shown in
FIGS. 2 and 5, or may be positioned anywhere al ong
this vertically extending plane, thus reducing the
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cruaibly 14 ecgynmeadi@ragtidspdashoatt thailinat insh lwier2@ nineddit@nothe liner
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insul 4ol 26t rh &hbetBmicQlaha¥ed dr Einfdneinedd whee h@bpateloy manually cleans
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silicon nelt and, ultimately, the growi ng ribbon
mixpRysitiabilicpromsB s Faowih by thesel skitledin t%ﬂ ert. Agserdanglyo it ig@esirable
preferably is formed froma very pure, high quality
to enairethaathetdfddkek haadegraatththan b hsglagibl crimbadtiovehy cheingéal
tenperatures. For exanple, the liner insulation

com;&ﬁlﬁbh BF tHRrsefBh R 1 Yar@PEiata€Sy, i the %I%W AbbYnSgydtan gi ng
om about 10000C to about 15000 To those ends t he

N r[ﬁﬁ3d] et én(a[]th%%nmsagtl&{)ﬁ(ﬂ&%ferably is formed from a very pure,

high quality material that is able with withstand relatively high temperatures. For
example, the liner insulation material preferably operates in temperatures ranging from
about 1000°C to about 1500°C. To those ends, the liner insulation 26 may be formed
from a variety of materials (e.g., graphite, silicon carbide, quartz, or aluminum oxide)
having various physical structures, such as a low density, high thermal conductivity
material (e.g., carbon foam, carbon fiber or graphite foam materials). Acceptable liner
insulation materials are commercially available from Fiber Materials, Inc. of Biddeford,
ME or Graphtek, LLC of Buffalo Grove, IL.

[0037] In illustrative embodiments, the base insulation 24 may be formed from a

less pure, less expensive material than the liner insulation 26. Since the base insulation



froma variety of materials (e.g., graphite, silicon

carbide, quartz, or alum num oxi de) having vari ous
W@Posiigmi3 st ructures, such as a | ow density, hP@US2008/066860

thermal conductivity material (e.g., carbon foam

carbon fiber or graphite foam materials). Acceptable

liner insulation materials are commercially avail able

fromFi ber Materials, Inc. Bi ddeford, ME or

Graphtek, LLC of Buffalo Gove, IL. [0037] In

illustrative enbodi nents, the base insulation 24 may
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the {ipgrigsudgiiont2eenwit grthstengeFertaxpmple; Higtbaphmsplpfien material may
i nsulation 26 nust wi thstand. For exanple, the base
operansatl tahpaatunatrengdiag frovyabopewatreteBipetagnp ar gtout £800°C. The base
rangi ng from about roomtenperature to about 10000C.
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be forned fron1a di rent mater]j chen1 ally and/or
endsf& dagiipslption 3Gymay % Iméfi foppa Blaf%éeq& ﬁ&mrﬁi (ismagslly pgd/or
exanpl e, the base insulation 24 may be fornmed froma
strugtorally) thestietiof topagemselagemphi Feor gghapls, thetiabeiniation 24 may
liner insulation 26 nmay be formed froma graphite or
be fomndabftohaasolidatirivel dehse gwifhete ptatbodiiietht Snertih@il iRBEL6 may
insulation 24 and the liner insulation 26 nay be

be thRRdEEoh PRI of EMoR Toath Hia{e@fral nﬁtﬁﬁér%hﬁ)odﬁm}heﬁb%se
shown nore clearly in FIGS. 3 and 4, the |iner

insul AW At dnQhéfndrSnsulation 26 may be formed from the same or similar

materials.

[0038] As shown more clearly in FIGS. 3 and 4, the liner insulation 26 is
positioned vertically along the sidewalls of the base insulation 24 (i.e., adjacent to the
crucible 14) and may also be underneath the crucible 14. As such, the liner insulation 26
effectively forms an interior for partly containing the crucible 14. In some embodiments,
the furnace 10 may include a gas system having gas jets 44 coupled to a gas manifold 46
to further cool the growing ribbon crystal. For example, as shown in FIGS. 3 and 4, the
liner insulation 26 may include openings that permit the gas jets 44 into the interior area

adjacent to the crucible 14, while protecting the gas manifold 46 from being significantly

contaminated with the molten material.



positioned vertically along the sidewalls of the base
insulation 24 (i.e., adjacent to the crucible 14) and
woreaesasse be underneath the cruci ble 14. As suR¢il/US1068/066860

liner insulation 26 effectively forns an interior for
partly containing the crucible 14. In sone

enbodi nents, the furnace 10 y include a gas system
having gas jets 44 coupl ed ¥£Ha gas manifold 46 to
further cool the growi ng ribbon crystal. For exanple,

as shown in FIGS. 3 and 4, the liner insulation 26 ma
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~ material.[0039] The thickness of the liner insulation
1ns@e§1q@a%ﬂ, @Sa‘f"?” de ,qig;;lffgi QpsTabing (erpraratyres ph ghedpgace 10. However,
including the insulative properties of the liner
in onaismbaediment, 26 lared irtshiatiba 36 maydelthinharth@dthe desonpbilatas 24 to
the desired operating tenperatures of the furnace 10.
redideWRY &Jst of RpRBIALE { P8Rt high R@allityM@dteri ) Skthiah iipidBlly
may be thinner than the base insulation 24 to reduce
exp&ﬁg@gpst of replacing the very pure, high quality
material, which is typically expensive. [0040] The
li [jnsul.ation 26 is.expected t.o be. subjected.to
B9 Rt PBuAlet 20 REBRFE o RIBRIR R BRPobSe
reduce its efficiency and thus, .be consi dered as
envigimengalfactarsithatlimetgly san .recﬂage Hégg%cl%w@@ thysy hay,be
silicon splashed onto its walls, as well as nornal '
confiflerkd aghaviegya cerprare tifdspaverAd mased ahavenmehdresiti¢apespéashed onto its
Accordingly, at some point, those skilled in the art
wallynys wélbasworinal fléh@eeayt igakt et insnktibatifoniv2atess TActdrdingly,
end, the liner insulation 26 nay be renoved fromits

at s61R8 PSiat, itdte WkillBd i@ RASEay DHLAbI rOfladthdNfer insulation 26. To

subsequent|ly di scarded. New |iner ‘insulation 26 may be
that'HERKE Bh¥ insulation 26 may be removed from its connection with the base
insulation 24 and subsequently discarded. New liner insulation 26 may be removably
connected to the base insulation 24, enabling the furnace 10 to return to its more efficient
operation mode (i.e., with new liner insulation 26 that is substantially free of the above
noted problems).

[0041] As mentioned above, in illustrative embodiments of the invention, the
liner insulation 26 is removably connected to the base insulation 24. Any number of
techniques may be used to removably connect the liner insulation 26 to the base
insulation 24. For example, a plurality of screws (not shown) may fasten the liner

insulation 26 to the base insulation 24. Other techniques may be used, however,

including a snap-fit mechanism.



connected to the base insulation 24, enabling the

furnace 10 to return to its nore efficient operation
wore@s/18731. , with new liner insulation 26 thatP¢BUS2008/066860

substantially free of the above noted problens).

[0041] As nentioned above, in illustrative enbodi nents

of the invention, theliruﬂkﬂnsulation 26 is renovably

connected to the base insulation 24. Any nunber of

techni ques may be used to renovably connect the |iner

insulation 26 to the base insulation 24. For exanpl e,

klie’ !%%f*’%%%%‘("?ﬁéﬁg%ifgﬁ? RACHE, o e Rt “19“'655‘1%516’
the HERRE TR T BOK2 g D3 se MG iESe o of Redh Ry Lhionaly and

may be conbi ned. For exanple, the afterheater 28 may
thusp alse eqtenieehy gasdprendeacdd In edditien, Hheskasp msplatipp Admay have
insulation 26 and thus, also relatively easily
openieps AT ddt cffevtizdgiaci orventsHer hees & ihasedion adjaccddtonthy chiaibde 14.
openi ngs 32 that effectively act as vents for heat in

AccbfEing1§ahe BeradiBCRPhrateitdission vfidohof difkse Ape&k dF thgldyfferent
the generally separate di scussion of each of these

em‘t?)glﬁﬁ&{@isqolt %ﬁcglr(rigﬂgcf BhG e%{’%ggh ats i's not intended

Imt a odi nent's. [0043] Accordingly, various
e ' ts pf .the invention roat insul ation. withi.n
¢ na OBt ERbid g PR T s b BGoR  MshlaiB
. changi ng the basic furnace structure. I n additiaqn,
withgp ﬂ@rfuaws%é& bR @p@ﬁ%&{ﬁsene@fi%c%wm%ﬁﬁ%mg @‘F%@ﬁé rnace
thermal profile within the furnace 10 by having
strueyeni Ingddigian; etherrenbeiliraetiveitable @gator cantrel @fathe thermal profile
i nsul ation 24. These openings 32 effectively serve as

witie dtic fuents 10 bQAdvihg Apddingsci? ihhiee abohetdi28eusisd I@Re insulation
di scl oses vari ous exenpl ary enbodi nents

24. These openings 32 effectively serve as heat vents.
[0044] Although the above discussion discloses various exemplary embodiments
of the invention, it should be apparent that those skilled in the art can make various

modifications that will achieve some of the advantages of the invention without departing

from the true scope of the invention.



of the invention, it should be apparent that those
skilled in the art can make various nodifications that

wawios/1smsd eve sone of the advant ages of the i NRENUB29N8/066860
wi t hout departing fromthe true scope of the
invention.What is clained is: 1. A ribbon crystal
pul i ng furnace conprising:‘Pn interior for enclosing
at | east a portion of one o nore ribbon crystals; and
an afterheater positioned within the interior, the
afterheater having at |east one wall, the wall having
one or nore openings. 2. The ribbon crystal pulling
furnace as defined by claiml, wherein the one or nore
openj ngs, conpri se elongated slots. 3. The ribbon

\thﬂ§§?5ﬂ“bﬁlling furnace as defined by claim2, wherein
the slots are variably sized. 4. The ribbon crystal

1. Auibbopgrystpl pabdiagdermded ¢aneriisig: cl ai m 1, wherein the one
or . [ . t el ] e .
5. ReBDRD RSB LR, FBORICR T ot bERBHARAE IR and
cl ainnafttrhewdee peditiortcdavidiie thernlEoe tiparingser @xtiagdt least one

rti%ij,through the wall. 6. The ribbon crystal

Walgﬁrqw Y RHARSOTIROTGOPEHBE by claim 1, further
conprising a crucible within the interior, wherein the
afterheater is positioned above the crucible. 7. The

2. Thbbbborcerystlgiullmg furmge hisidefacd bysclaef 1, mddrdny thel caie ror Gyore
urther conPrisig%hg base insul ati on provi ded adj acent

f
OPeRIZE FUMRIG ST BIZjPS ei n the afterheater is supported

by the base insul ation.

3. The ribbon crystal pulling furnace as defined by claim 2, wherein the slots are

variably sized.

4. The ribbon crystal pulling furnace as defined by claim 1, wherein the one or more

openings extend completely through the wall.

5. The ribbon crystal pulling furnace as defined by claim 1, wherein the one or more

openings extend partially through the wall.

6. The ribbon crystal pulling furnace as defined by claim 1, further comprising a

crucible within the interior, wherein the afterheater is positioned above the crucible.

7. The ribbon crystal pulling furnace as defined by claim 6, further comprising a base
insulation provided adjacent to the crucible, wherein the afterheater is supported by the

base insulation.

8. The ribbon crystal pulling furnace as defined by claim 1, further comprising a
housing surrounding the afterheater, the afterheater attached to a top portion of the

housing.



8. The ribbon crystal pulling furnace as defined by
claim1, further conprising a housing surroundi ng the
w@bioensmsat er, the afterheater attached to a t opCPUSI00®66860
of the housing.9. The ribbon crystal pulling furnace
as defined by claim1l, wherein the afterheater
i ncl udes two portions faci each other, the two
portions each having at |ea one wal |, each wall
havi ng one or nore openings. 10. The ribbon crystal
pul l'ing furnace as defined by claim1, further
conprising a crucible having at |least two string hol es
that define a vertically extending plane along a
9. Thbkbborcerysthladuligmgofikiucedias &@ﬁﬂedmg ddim lgtwﬁeﬁif?ﬁ thﬁm%fmﬁter
i re openings being aligned with an e of the plane.
mclﬁe. t‘l"ﬁg’ofti% S Sash athesfhe ergmrﬁP%%a@g §§Vlaéia¥ lsa¥ ogg wall,
cact? 1 Budile oG RO dafiinge of more openings compri se a
plura |t§ of openings vertically aligned on top of one
anot her along the edge of the plane. 12. A nethod of

oduci ng a ribbon.crystal, pulling.furnace conpr.i.sing:
10. Fhe e e frdiertids of ueioivig o | 280 SRR Re A
cru@ble PGSt R Wb sRRGMofk ¥Bdt dbfine 206HiBAIAVEM T BFlane along a
afterheater within the interior, the afterheater '
ribbea¢iyistpl grovith derectime theat Ieasttdne opaidre hpanings being adignedwih an

d{gﬁg&ﬂngf. 13. The method as defined by claim 12,
cdg &PF¥he one or more openings conprise el ongat ed

slots. 14. The nethod as defined by claim 13, wherein
the slots are variably sized. ) )
11. The ribbon crystal pulling furnace as defined by claim 10, wherein the one or more
openings comprise a plurality of openings vertically aligned on top of one another along

the edge of the plane.

12. A method of producing a ribbon crystal pulling furnace comprising:

forming an interior for receiving at least a portion of one or more ribbon crystals;
and

providing an afterheater within the interior, the afterheater having at least one

wall, the wall having one or more openings.

13. The method as defined by claim 12, wherein the one or more openings comprise

clongated slots.
14. The method as defined by claim 13, wherein the slots are variably sized.

15. The method as defined by claim 12, wherein the one or more openings extend

completely through the wall.



15. The nmethod as defined by claim 12, wherein the one
or nore openings extend conpletely through the
wai0B/13813 The net hod as defined by claim 12, wWher/E52908/066860
t he one or nore openings extend partially through the
wal |l . 17. The nmethod as defined by claim 12, further
conprising: providing a crucible within the interior;
and positioning the afterh er above the crucible.
18. The nmethod as defined by claim 17, further
conprising: providing a base insulation adjacent to
i,.hl ft
16. §E pR NG P gl GHRERE BRI B SE RSy R e
partlally thieugiheie veahpri si ng: provi di ng a housi ng
surroundi ng the afterheater; and attaching the
afterheater to a top portion of the housing. 20. The
17. 7R p%gma%s%ﬁh aymp;szmtﬂ&co ﬁglﬁ n the afterheater
inc es two portions facling eac er, the two
porprovdmgacnidiblaveathin thepeternot; ahde at Ieast one ri bbon
crystal to go ween at | east portion of the two
porﬂo?]gﬁgmgé% af%ﬁé caftaReYr th © tﬁﬁed by cl aim 12,
further conprising: providing a crucible having at
| east two string holes that define a vertically
18. @h@ ewdlodgls et byl dwign &7, rfwtblhﬁmomp;ﬁ@nai growt h
rect.i and. a openi ngs w th
an TR TG PREr i Rut e pakeER Y8 o DL ng
f ursnpssting terPdHred: by tHRsemihiadof claim 12.

19. The method as defined by claim 12, further comprising:
providing a housing surrounding the afterheater; and

attaching the afterheater to a top portion of the housing.

20. The method as defined by claim 12, wherein the afterheater includes two portions
facing each other, the two portions configured to permit the at least one ribbon crystal to

go between at least a portion of the two portions.

21. The method as defined by claim 12, further comprising:
providing a crucible having at least two string holes that define a vertically
extending plane along a ribbon crystal growth direction; and

aligning the one or more openings with an edge of the plane.
22. A ribbon crystal pulling furnace as produced by the method of claim 12.

23. A method of cooling a ribbon crystal, the method comprising:

providing a ribbon crystal pulling furnace having an interior;



23. A nethod of cooling a ribbon crystal, the method
conprising: providing a ribbon crystal pulling furnace
wh200Bns73ah i nterior; positioning an afterheat erP@I/UKI008/066860

the interior, the afterheater having at |east one wal

wi th one or nore openings; and growi ng a ribbon

crystal at least in part t ugh the interior of the

furnace, at |least a portio f the ribbon crystal

growi ng adj acent to the at |east one wall. 24. The

nethod as defined by claim 23, wherein the one or nore

[ t - ho

d o f sﬁ] gﬁ%@%%rﬂ!eﬁl%it% W\}/ﬁ% tﬁg nﬁ%rﬁ or, t’hls %ﬁgrhg!‘r&gr lgﬁgftrul{ka%llga%t one
deWﬁEdneaﬁmthQmﬁE@haddas deflned by cl aim 23, wherein

the one or nore openings extend co Ietely through t he

walgrowDre a rithen feysHo &t %?éStd‘éP*‘r‘IﬁQHOWWgF Hiter o f thg-farmgce, at least
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a|n123 wherein
the afterheater |ncludes t wo portlons faci ng each

her, the t rtlon a channel t hr.ou
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clorfdgfcdngsis by cla|n123 further conprrsrng aligning the
one or nore openings with an edge of the ribbon

crystal.

25. The method as defined by claim 24, wherein the slots are variably sized.

26. The method as defined by claim 23, wherein the one or more openings extend

completely through the wall.

27. The method as defined by claim 23, wherein the one or more openings extend

partially through the wall.

28. The method as defined by claim 23, wherein the afterheater includes two portions
facing each other, the two portions forming a channel through which the ribbon crystal

Zrows.

29. The method as defined by claim 23, further comprising:

aligning the one or more openings with an edge of the ribbon crystal.



