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2198965 LI DS FOR | MPROVED DENDRI TI C WEB GROWH Thi s invention relates to
lids for a susceptor which enhance the thermal environnent of dendritic
webs adj acent thereto. Forming a ribbon crystal by dendritic web growh 5
is controlled by crystall ography and surface tension force rat 86@6

shape defining dyes. Ribbons of indium antinonide; gallium arSeni’d€,
germani um and silicon and other crystalline materials may be. produced by

providing a liquid pool of the crystalline mterial and placing a 10
dendritic seed of the crystalline material which is super- cooled a few
degrees into the nolten pool and as the tenperature in the pool falls, the

-seed first spreads laterally to form a button. The seed is then
rai sed causing two secondary dendritic boundaries to propagate 15 from
each end of the button and extend into the pool. The button and dendritics

forma frame which support a liquid filmof the nolten material which
crystallizes to forma web generally 0.1 to 0.2 mm thick. The web and
bordering dendritics can theoretically be pTOpqgated-indefinitely by 20
repl enishing the liquid pool as the dendritic ribbon is pulled fromthe
pool . The ribbon wi dth and BFRwmFPR JMRRAVED RENRRIL LR BROWAH t her nal.
conditions in the nelted pool and The environment adjacent the energing
dendritic ribbon. For a norg detailed, descr.

formation, 25
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Forming a ribbon crystal by dendritic web growth
is controlled by crystallography and surface tensién force
rather than the shape defining dyes. Ribbons of indium
antimonide, gallium arsenide, germanium and silicon and
other crystalline materials may be produced by providihg a
ligquid pool of the crystalline material and placing a
dendritic seed of the crystalline material which is super-
coocled a few degrees into the molten pool and as the

- temperature in the pool f£falls, the seed first spreads

laterally to form a button. The seed is - then raised
causing two secondary dendritic boundaries to propagate
from each end of the button and extend into the pool. The
button and dendritics form a frame which support a liquid
film of the molten materialfwhich crystallizes to form a
web generally 0.1 to 0.2 mm. thick. The web and bordering
dendritics can theoretically be propagated indefinitely by
replenishing the liquid pool as the dendritic ribbon is
pulled from the pool. The ribbon width and growth velocity
are determined by the thermal conditions in the melted pool
and the environment adjacent the emerging dendritic ribbon.
For a more detailed'desqription of dendritic web formation,

“reference may be made to an article by R. G. Seidensticker

(one of the inventors) and R. H. Hopkins, entitled,



pages 221 to 235. Accordingly, the present invention resides ina 5 1lid for
a susceptor in which a -crystalline material is nelted, said lid being in
the formof a plate having in inboard side and an outboard side and a
centrally disposed slot through which a dendritic web of essentially a
single crystal of said material is pulled, & pair of openings 10 aligned

wi th @n disposed adjacent opposite ends of said slot and a groove extending
bet ween sai d sl ot'Sddd cear Rbpbonn@rowitlexbgndihey bendrdity of rivebt Peomeadsty d
side to adjacent : | a | Je | [ r | d t, end

and grooves coopg{rlgtﬁééﬁggc%ﬂt?iag {ﬁé@%?ﬁ@ﬂf%@l?ﬁfﬁ@ t r%én? 'sa?(gp {946,
dendritic web toPpEB8uddlatee?dFally flat distribution of isotherns across

the width of the web adjacgbécidiEnd DEALtRE phesént henteheibal resides! linzes.
I n order that thg |n\\fnt|on can be norg clgarhy ur_lders#__oig conv%\%ren& .
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reference to themattedy paddi dgddreeingsinnthai formFicfura platea hawimigalin

i sonetric view OfnBobid 598elandSARPERELYAS | ££db (dhd 4 MeéntPAIEY @PPbosdd
silicon from whi cg essent | al Ié)aa sl ngl.e cr S:[%ali’?fﬁ%?e%”lc web 1s 25
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wi t hdrawn; Fi gs. $395nhzough €htehyede Rf REgeNEALLY & $IRER
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etJtng .n_OW toa ?gcerrxgwtﬂgsi{m oag (’jus:i.dgnofI réa.i.d lid, whereby said slot,

opening and grooves cooperate to control the radiation of
15 heat from said dendritic web to produce a generally flat

distribution of isotherms across the width of the web

adjacent the location where the material crystallizes.
In ordér that the invention can be more clearly
understood, convenient embodiments thereof will now be
20 described, by way of example, with reference to the accom-
- panying drawings in which: |
Figure 1 is a partial isometric view of a lid for
a susceptor utilized to form a molten pool of silicon from
- which essentially a'single crystal dendritic web is
25 withdrawn;
| rigs. 2 and 3 are schematic views showing heat
radiation losses from the pool and dendritic web;
Fig. 4 is a plan view of a lid for a susceptor
_ made in accordance with this invention;
30 Fig. 5 is a sectional view taken on line III-III
of Fig. 2; . _ _
Fig. 6 is a partial isometric view of the slot
openings and grooves shown in Figs. 1 and 2; and
Fig. 7 is a partial isometric view of an alter-
35 native embodiment. |
Referring now to the drawings in detail and in
particular to Fig. 1, there is shown a susceptor 1 made of
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to Fig. 1, there is shown a susceptor 1 made of 3 nol ybd

ofr other material which is heated by an induc- tion coil 3. Centrally

di sposed in the susceptor 1 is a cavity 5 in which is disposed a quartz _
crucible 7 which lines the cavity 5 of theé susceptor 1. Alid 9 formed from
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adjacent the outboard side of the lid 9 each heat shield
sheet has a slot 27 and 29, respectively, which registers
with the slot 15 and opening 17 in the lid 9. Each of “the
slots 27 and 29 .is wider and longer than the slot 15 and
opening 17 and the outboard slot 29 is wider and longer
than the inboard slot 27.

A pool or melt 31 of silicon or other crystalline
material is formed in the crucible 7 and essentially a
single crystal dendritic web 33 of silicon or other crys-
talline material is pulled or withdrawn from the melt 31.

As shown in Figs. 2 and 3, the radiation heat
loss are from the dendritic web 33 is different when there
is a-gréove 19 than wheh there is no groove. The groove 19
in this susceptdr 1id 9 provides a view from the edge of
the growing web 33 that is substantially the same as the
view of the surrounding area from the central portion of
the web 33. Because the groove 19 does not penetrate
completely through the lid 9, but leaves the strip 21, fhe
heatllosslfrom the melt 31 is controlled in nearly the same
“manner as the lid 9 without the groove shown in Fig. 2.
However, once the dendritic web c¢rystal 33 is slightly
above the inboard side of the 1lid 9, the slot 15 is
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30 the growing web 33 that is substantially the same as the view of the
surroundi ng area fromthe central portlon of the web 33. Because the groove
19:does not penetrate conpletely through the | #d 9, but |eaves the strip
21, the heat loss fromthe nelt 31 is controlled in nearly_the sarre 35
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of the reduced 20 thermal . stresSes .i.n he web 33 does not _
defiorm resul ting inpRard 2idey afnctrevtiich gc&ﬁ ﬁP&&GégeéLYV\FHEFt?\EB FFRs  the
t hi nner and THn ba:w¢é1dnmmhf¢stme twels s Ao the groove 19. This in turn

leads to a generally flat distribution of isotherms across
the width of the web 33 or one which is slightly turned
downwardly on the ends, frowningl, which results in reduced
thermal stresses in the web 33. Because of the reciuced
20 thermal stresses in the web 33, the web 33 does not deform
resulting in crystal growth which can produce a wider_ web
which is thinner and can be withdrawn faster to substan-
tially increase the allowable growth rate of the web 33.
. ' ' Figs. 4, 5 and 6 show the ‘slot enlarged on the
25 ends by circular openings 35 which form a dog-bone shaped
. slot 15a. The slot 15a and openings 17 are counterbored as
U indicated at 45 and 47, respectively, dgenerally one-half
the thickness of the lid 9. The counterbores 45 and 47
ori'ginate on the inboard side 11 of the lid 9. A feed port
30 49 through which additional silicon or other crystalline
material is added to the melt pool 31 to make the process
continuous is disposed adjacent at least one side of the
lid 9. T.‘rie grooves 19 are generally the same width as the

slot 15a. -
35 : Fig. 7 shows the slot 15 and its counterbored
-portion 45, the opening 17 and their counterbored portion
47, the grooves 19 and the strips 21. The slot 15, opening
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ti,ally.increase the aIIovvabIe growh rate of the web 33. Figs. 4, 5 and 6
show the sl ot enlarged on the 25 ends by circul ar openings 35 V\/m ch form
a dog-bone shaped slot 15a. The sl ot 15a ad openi ngs 17 are counterbored -«
as indicated at 45 and 47, resgectl vely, generally one-half the t hi ckness
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6 CLAFMS: 1. Alid for+a susceptor in which a crystalline material is
nelted, said li¢g being in the formof a plate having in inboard side and an
out board side and a centrally 5 disposed slot through which a dendritic web
of essentially a single crystal of said material is pulled, a pair of
openi-ngs aligned with an di sposed adj acent opposite ends of said slot and a
grodkgﬁextending bet ween said sl ot and each openi ng and extendi ng i nwardly
fromthe outboard side to 10 adjacent the inboard side of said lid,
whereby said slot, opening and grooves cooperate to control the radiation
of heat fromsaid dendritic web to produce a generally flat distribution of
| sot herns across the width of the web adjacent the | ocati on where the

material crystallizes. 15 2. Alid according to claiml

wherein the slot has an enlarged portion on each end thereof and is
general - |y dog-bone shaped. 3. A lid according to claim2, wherein the
enl arged portions are generally circular. 20 4. A lid according

to claim1, 2 or 3, wherein the slot and openings are counterbored fromthe
out board surface thereof. 5. Lids for a susceptor in which a crystalline
material is nelted, said lids being as clained in claim1 25 and
substantially as described herein with partgcular reference to Figs. 1 to 6
or Fig. 7 of the acconpanying drawings. 1111111 111111 111 11111 111111 *

C L ‘M LLAIMS: '

1. A lid for a sﬁsceptor in which a crystalline
material is melted, said lid being in the form of a plate
having in inboard side and an outboard side and a centrally

5 disposed slot through which a dendritic web of essentially
a single crystal of said material is pulled, a pair of
openings aligned with an disposed adjacent opposite ends of

said slot and a groove extending between said slot and each
opening'and extending inwardly from the outboard side to
10 adjacent the inboard side of said 1lid, whereby said slot,
opening and grooves céoperate to control the radiation of
heat from said dendritic web to produce a generally flat
distribution of isotherms across the width of the web
adjacent the location where the material crystallizes.
15 2. A lid according to claim 1, wherein the slot
o/ - has an enlarged portion on each end thereof and is general-
ly dog-bone shaped.
3. A 1lid according to claim 2, wherein the
enlarged portions are generally circular. '
20 4, A lid according to claim 1, 2 or 3, wherein
the slot and openings are counterbored from the outboard
surface thereof. ' ' |
5. Lids for a susceptor in which a crystalline
material is melted, said lids being as claimed in claim 1
25 and substantially as described herein with particular
reference to Figs. 1 to 6 or Fig. 7 of the accompanying
drawings.
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