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therethrough by uniformly  heating means, such as RF heating, may be
extracting heat from the liquid ribbon.  employed to provide a uniformly
heated       In FIGURE 3, a guide 32 of the preferred  molten region.
shape is shown. The guide 32 is a circular   Additional means for
maintaining control  5 disc of pyrolytic boron nitride with a cen-  over
the temperature within the apparatus 70     trally located slot. The bottom
of the disc  are shown in FIGURE 3. The apparatus of     has a centrally
recessed area which aids in  FIGURE 3 is similar to the apparatus shown
guiding liquid material from the top of the  in FIGURE 1 and comprises an
enclosed     liquid semiconductor material into the slot. cylindrical
chamber 10 into which bar stock 10   The flow of gas through the orifice 18
pro-  of semiconductor material 11 is continuously  75     vides further
control over the shape of the  fed through an opening in the bottom there-
semiconductor ribbon. Since the ribbon  of. The opening is appropriately
fitted with     does not contact the walls of the orifice 18, a gas seal
12. An RF heating coil 13 is dis-     any suitable material, such as
quartz, may  posed about the central portion of the 15  be used for the
inner chamber 17. As the  cylinder 10. A concentration coil 33 pro- 80
liquid ribbon 15 is drawn into the orifice 18, vides a shaped heat sink
which limits the     cooling gas passing between the walls of the  energy
from the heating soil 13 to the end of     orifice and the liquid ribbon
removes heat  bar stock 11 to form a molten mass 14 of     from the ribbon,
thereby causing it to  semiconductor material. The molten mass 20
crystallize. The gas flow through orifice 18  is supported on the end of
the bar by its own 85     provides a second  isothermal rectangle  surface
tension.     through which the ribbon is drawn. This    Liquid
semiconductor material is with-     isothermal rectangle is maintained at
the  drawn from the melt 14 through a shaping     freezing point of the
semiconductor ribbon;  guide 32 which shapes the semiconductor 25  thus the
ribbon crystallizes as it passes  material into a thin liquid ribbon.  The
90     through orifice 18 and becomes solid ribbon  shaping guide 32 is a
circular disc having a     20. The two isothermal rectangular planes
centrally located slot or aperture of the shape     provide a  controlled
temperature  zone  and size of the cross-sectional dimensions of     having
a gradient in which the liquid ribbon  the desired ribbon. The guide 32 is
recessed 



30  from the guide 32 is gradually cooled to its  on the bottom side in the
central portion 95     freezing point. The melt-solid interface is
thereof. The recessed region roughly con-     parallel to the rectangular
isothermal planes  forms with the curvature of the surface of     of the
aperture in the shaping guide and the  the liquid mass 14 to aid in guiding
liquid     orifice 18. Thus the ribbon freezes uniformly  material into the
slot. 35  to form a monocrystalline ribbon.         The ribbon is drawn
into an inner chamber 100       The flow rate, thermal conductivity, and
17 through an orifice 18 which has substan-     specific heat of the gas
are factors which  tially the cross-sectional dimensions desired     affect
the temperature of the semiconductor  of the monocrystalline ribbon to be
pro-     ribbon passing through the orifice 18. Mix-  duced. Gas flowing
through the orifice 18 40  tures of gases, such as argon-helium mix-
concurrently with the semiconductor ribbon 105     tures, may be used to
provide the desired  provides cooling to freeze the ribbon as     specific
heat and thermal conductivity at described above with reference to FIGURE
any specified flow rate. Forming gas may  1.     also be used to give the
additional advantage    Heat reflector 34 may be positioned near 45  of a
reducing atmosphere within the system. the liquid ribbon 15 above the
shaping guide 110        It will be seen that the initial shaping of  32 to
further aid in maintaining a uniform     the ribbon is provided by the
shaping guide  temperature. The shape of the     32 and that additional
shaping and freezing  ribbon is essentially determined by the     is
provided by the cooling gas passing  aperture in the shaping guide 32, but
the 50  through the orifice 18 concurrently with the  temperature of the
liquid ribbon must be 115      liquid ribbon 15. Accordingly, thin ribbons
gradually reduced to allow uniform freezing.      of monocrystalline
semiconductor material  Reflector 34 does not contact the liquid      of
selected thicknesses from about 5 to about  semiconductor ribbon, but
radiates and      50 mils and varied widths from about 0.1 to  reflects
thermal energy to the ribbon 15 to 55  about 1 inch may be continuously
produced.  maintain a uniform temperature gradient. 120        The use of a
rod or bar stock of feed  The reflector may be any suitable refractory
material provides continuous operation. A  material such as that described
above for      suitable mechanical feed mechanism  (not  use as a shaping
guide.      shown) can be provided to permit the addi-  Auxiliary heaters
31 are disposed about the 60  tion of new rods as the initial rod is con-
upper section of chamber 10 to maintain a 125      sumed in the growing
process without inter-  uniformly decreasing temperature gradient
rupting the process. This continuous feed  over the semiconductor ribbon.
By gradually      process avoids the use of a melt contained in  cooling
the ribbon, dislocations and other      a crucible, thus avoiding a major
source of deleterious effects of thermal shock are 



65 contamination. Furthermore, conventional avoided.
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5       Pre-heaters 30 may be used to pre-heat the     shape and size
substantially corresponding  55     semiconductor bar stock 11 prior to
melting.     to the cross sectional shape and size of the     The
pre-heaters supply sufficient energy to      ribbon to be formed, the
cooling gas flow-     heat the bar 11 to a temperature below its       ing
between the ribbon of semiconductor  5  melting point.  This provides
additional      material and the wall portion of the second     control
over the melting end of the bar since    chamber defining the inlet
aperture, and the 60     the material reaching the melting zone is
cooling gas serving to solidify the ribbon,     maintained at a constant
temperature. The        to prevent the ribbon from contacting the     feed
bar stock 11 may also be rotated as it is   wall portion, and automatically
to control 10  fed into the chamber 10. Rotating bar 11      the size of
the ribbon of semiconductor     assures uniformity of growth from  the
material.                                     65     molten region 14 and
uniformity of doping       2. A method as claimed in claim 1, in     of the
ribbon when a doped bar stock is       which the liquid semiconductor
material     used.                                         drawn through
the first aperture is formed 15    Although the invention has been
described      by melting the end of a rotating bar of semi-     with
reference to the preferred embodiments      conductor material.
70     thereof, it is to be understood that the forms     3. A method of
continuously forming a     of the invention  herewith  shown and
monocrystalline ribbon of semiconductor     described are to be taken as
the preferred       material, substantially as described herein 20
embodiment of the same, and that various      with  reference  to  the
accompanying     changes may be resorted to without depart-       drawings.
75     ing from the scope of the invention as defined     4.
Crystal-growing apparatus of the type     by the appended claims.
adapted to grow a crystal of semiconductor        WHAT WE CLAIM IS:-
material from a melt of same, having means 25    1. A method of
continuously forming a       operable to advance continuously bar stock
monocrystalline ribbon of semiconductor       of purified semiconductor
material into an 80 



material, comprising feeding a solid rod of      aperture, means operable
to melt the end     semiconductor material axially upwardly       of the
bar and a shaping guide having an     into a first chamber, passing the rod
pro-       aperture therein having cross-sectional shape 30  gressively
into a localized heating zone in the  and size substantially corresponding
to that     first chamber in which zone successive por-      of the
crystalline ribbon to be produced, an 85     tions of the solid rod are
changed into a        inner chamber having a chamber aperture     liquid
state, the  liquid  semiconductor        therein positioned adjacent the
shaping guide     material in the heating zone being confined      so that
liquid material drawn through the 35  laterally of the rod solely by its
own surface   shaping guide can be drawn directly into the     tension,
drawing  liquid  semiconductor      chamber aperture, means operable con-
90     material from the heating zone through an        currently to force
cooling gas through the     aperture in a shaping guide disposed in the
chamber aperture, and means operable con-     first chamber, the shaping
guide aperture        tinuously to withdraw a crystalline semi- 40
extending therethrough for receiving the      conductor ribbon from the
inner chamber.     semiconductor material and having a shape       5.
Apparatus as claimed in claim  4, 95     and size substantially
corresponding to the      including means to cool the shaping guide
cross sectional shape and size of the ribbon     in the area of its
aperture.     to be formed, whereby the semiconductor         6. Crystal
growing apparatus substan- 45  material is formed into a ribbon upon pass-
tially as described herein with reference to     ing through the shaping
guide aperture, and      and as illustrated by the accompanying 100
drawing the semiconductor material con-       drawings.     tinuously from
the shaping guide into a     second chamber while simultaneously pass-
ABEL & IMRAY, 50  ing a cooling gas into thesecondchamber,the     Chartered
Patent Agents,     second chamber having a wall portion defin-
Quality House,     ing an inlet aperture for receiving the semi-
Quality Court,     conductor material and cooling gas, the inlet
Chancery Lane,     aperture in the second chamber having a
London, W.C.2.               Printed for Her Majesty's Stationery Office by
Burgess & Son (Abingdon), Ltd.-1968.                   Published at The
Patent Office, 25 Southampton Buildings, London, W.C.2,
from which copies may be obtained.    
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Pre-heaters 30 may be used to pre-heat the  shape and size substantially
corresponding 55                 semiconductor bar stock 11 prior to
melting. to the cross sectional shape and size of the                 The
pre-heaters supply sufficient energy to  ribbon to be formed, the cooling
gas flow-                 heat the bar 11 to a temperature below its  ing
between the ribbon of semiconductor              5 melting point.  This
provides additional material and the wall portion of the second
control over the melting end of the bar since  chamber defining the inlet
aperture, and the 60                 the material reaching the melting zone
is  cooling gas serving to solidify the ribbon,                 maintained
at a constant temperature. The  to prevent the ribbon from contacting the
feed bar stock 11 may also be rotated as it is  wall portion, and
automatically to control             10  fed into the chamber 10. Rotating
bar 11  the size of the ribbon of semiconductor                  assures
uniformity of growth from  the  material.
65                  molten region 14 and uniformity of doping    2. A
method as claimed in claim 1, in                  of the ribbon when a
doped bar stock is  which the liquid semiconductor material
used.                                      drawn through the first aperture
is formed              15   Although the invention has been described  by
melting the end of a rotating bar of semi-                  with reference
to the preferred embodiments  conductor material.               70
thereof, it is to be understood that the forms    3. A method of
continuously forming a                  of the invention  herewith  shown
and  monocrystalline ribbon of semiconductor      described are to be taken
as the preferred  material, substantially as described herein
20  embodiment of the same, and that various  with  reference  to  the
accompanying                  changes may be resorted to without depart-
drawings.                                75                  ing from the
scope of the invention as defined    4. Crystal-growing apparatus of the
type                  by the appended claims.                    adapted to
grow a crystal of semiconductor                    WHAT WE CLAIM IS: -
material from a melt of same, having means             25    1. A method of
continuously forming a  operable to advance continuously bar stock
monocrystalline ribbon of semiconductor  of purified semiconductor material
into an 80                  material, comprising feeding a solid rod of
aperture, means operable to melt the end 



semiconductor material axially upwardly  of the bar and a shaping guide
having an                  into a first chamber, passing the rod pro-
aperture therein having cross-sectional shape              30  gressively
into a localized heating zone in the  and size substantially corresponding
to that                  first chamber in which zone successive por-  of
the crystalline ribbon to be produced, an 85                  tions of the
solid rod are changed into a  inner chamber having a chamber aperture
liquid  state, the  liquid  semiconductor  therein positioned adjacent the
shaping guide      material in the heating zone being confined  so that
liquid material drawn through the              35  laterally of the rod
solely by its own surface  shaping guide can be drawn directly into the
tension,  drawing  liquid  semiconductor chamber aperture, means operable
con- 90                  material from the heating zone through an
currently to force cooling gas through the                  aperture in a
shaping guide disposed in the  chamber aperture, and means operable con-
first chamber, the shaping guide aperture  tinuously to withdraw a
crystalline semi-              40  extending therethrough for receiving the
conductor ribbon from the inner chamber.                  semiconductor
material and having a shape    5. Apparatus as claimed in claim  4, 95
and size substantially corresponding to the  including means to cool the
shaping guide                  cross sectional shape and size of the ribbon
in the area of its aperture.                  to be formed, whereby the
semiconductor   6. Crystal growing apparatus substan-              45
material is formed into a ribbon upon pass-  tially as described herein
with reference to                  ing through the shaping guide aperture,
and  and as illustrated by the accompanying 100 drawing the semiconductor
material con-  drawings.                  tinuously from the shaping guide
into a             second chamber while simultaneously pass-
ABEL & IMRAY,             50 ing a cooling gas into thesecondchamber, the
Chartered Patent Agents,                  second chamber having a wall
portion defin-         Quality House,                  ing an inlet
aperture for receiving the semi-       Quality Court,
conductor material and cooling gas, the inlet       Chancery Lane,
aperture in the second chamber having a            London, W.C.2.
Printed for Her Majesty's Stationery Office by Burgess & Son (Abingdon),
Ltd.-1968.                              Published at The Patent Office, 25
Southampton Buildings, London, W.C.2,
from which copies may be obtained.    


