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[57] ABSTRACT

Polycrystalline semiconductor rods are converted to
dislocation-free monocrystal rods by positioning a
polycrystalliie rod within a crucible-free zone melt
environment with a seed crystal attached to one end
thereof, generating melt zone at the juncture of the
seed crystal and. the polycrystalline rod, controllably
moving the melt zone away from the juncture and
through the polycrystalline rod to a select point
thereon, uniformly supporting the cone-shaped lower
portion of the rod being processed so as to prevent os-
cillations and the like at the juncture of the rod in the
seed crystal and controllably moving the melt zone
from the select point to the remainder of the rod. A
uniform support is preferably provided by an axially
movable funnel-shaped casing which is attached to the
seed crystal holding member and which, when moved
into its operating position, is filled with a self-adjusting
oscillation or vibration dampening means, such as
molten metal, metal spheroids, quartz particles, sand,
etc.

3 Claims, 3 Drawing Figures
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METHOD FOR CRUCIBLE-FREE ZONE MELTING

OF SEMICONDUCTOR CRYSTAL RODS

BACKGROUND OF THE INVENTION

1. Field of the Invention S

The invention relates to processing semiconductor
crystal rods and somewhat more particularly to a
method and apparatus for crucible-free zone melt pro-
cessing of a semiconductor crystal rod whereby forma-
tion of dislocations and 1rregularmes within the process
crystal are avoided.

2. Prior Art :

Semiconductor crystals, particularly those composed
of silicon, are generally produced by a crucible-free
zone melt process whereby a monocrystalline seed or
nucleation crystal having a relatively small diameter is
melt-connected, as with the aid of an induction heating
coil, to an end of a relatively large diameter polycrys-
talline semiconductor member and a melt zone is gen-
erated at the junction of the seed crystal and the poly-
crystalline member and passed one or more times along
the length of the polycrystalline member. The melt
zone is moved by providing relative movement between
the polycrystalline member and a heat source, such as
an induction heating coil, which may be the same one
used to melt-connect the seed crystal with the polycrys-
talline member or be different therefrom. In this man-
ner, a polycrystalline member is purified of any foreign
constituencies and simultaneously converted into- a
monocrystalline member.

In the production of semiconductor components
from so-produced semiconductor materials, it is desir-
able that the semiconductor material be as free as pos-
sible from dislocations and other irregularities which
materially interfere with the electrical properties of the
semiconductor components produced therefrom. Fur-
ther, the presence of dislocations, etc. within the semi-
conductor material decreases the life of minority carri-
ers within such semiconductor materials.

German Auslegeschrift 1,079,593 (which generally’

corresponds to British Letters Patent 889,160) suggests
that dislocations in rod-shaped semiconductor mem-
bers may be decreased at the melt-connected juncture
of the seed crystal and such semiconductor members
by decreasing the cross-section of the semiconductor
member at the direct proximity of such melt-connected
juncture prior to the last pass of the melt zone through
the semiconductor member. Dislocations which may be
present in the 'seed crystal are thus given a chance to
heal in the thus-produced thin connecting. piece or
bridge between the seed crystal and the semiconductor
member. o
German letters Pat. No. 1,128,413 (which generally
corresponds to U.S. Pat. No. 3,175,891) discloses that
substantially dislocation-free rod-shaped silicon mono-
crystals may be produced, for example, by controlling
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the rate or speed of travel of one or more passages ofa

crucible-free zone melt through the rod. This reference
suggests that all passages of the melt zone start in the

" seed crystal ‘and that the travel speed of the melt zone’

in the seed crystal should be controlled so as to be in
the range of about 7 to 15 mm/min. During the last pass
of the melt zone, the silicon rod cross-section at the
juncture of the seed crystal and the silicon rod is con-
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stricted by a temporary relative movement of the‘rod °

ends at a speed greater than 25 mm/min. while the

2

speed of the melt zone is steadily decreased from this
constriction point until the full cross-section of the rod
is‘attained. Thereafter; the melt zone is moved through
the rod at a speed less than-about 7 mm/min.

It has been noted that when monocrystalline semi-
conductor rods of a fairly large diameter are being pro-
duced by the crucible-free zone melt process, the rod-
shaped monocrystals which grow at the seed crystal at
the last passage of the melt zone ‘tend to oscillate, par-
ticularly ‘at the thin-connecting or bridging piece be-
tween the monocrystal and-the seed crystal. This draw-
back is particularly acute when thick monocrystalline
semiconductor rods-are being produced, for example,
by way of shortening or compacting during a crucible-
free zone melt process. These oscillations appear to
cause the development of dislocations and other irregu-
larities in monocrystals of the material as it becomes
rigid during the last passage of the melt zone through
the semiconductor rod. In addition, such oscillations
often cause a dripping of molten material from the melt
zone or even a breakage of the thin-connecting or
bridging piece between the seed crystal and the semi-
conductor rod, which, of course, causes an interruption
in the melt zone process.

I have disclosed in German  Offenlegungsschrift
1,519,901 a means of supporting the ends of a crystal
rod at the juncture thereof with a seed crystal which
comprises a finger-like support means that is positioned
on the upper edge of a casing and which is axially mov-
able and encloses the mounting for the seed crystal.
However, this arrangement does not completely obvi-
ate vibrations or oscillations during the growth of very
thick (i.e., having a diameter larger than 30 mm) dislo-
cation-free semiconductor monocrystalline rods since
the finger-like supports do not uniformly -touch the
overall round cone portion of such rod. Due to this in-
stability, increased oscillations may be produced op-
posing the supporting effect desired or may even ehml-
nate any beneficial supporting action.

SUMMARY OF THE INVENTION

The invention provides an improved zone-melt pro-
cess and apparatus therefor which substantially elimi-
nates or prevents the development of oscillations at the
juncture of a seed crystal and a semiconductor rod dur-
ing the passage of, for example, a last pass of the melt
zone- through the semiconductor rod. ‘

~In accordance with the principles of the invention, a
movable funnel-shaped support means is coupled with
a'mounting for a seed crystal so that upon activation of
the support casing, it moves to an upper or support po-
sition and completely and uniformly encases the cone
area of the rod. The support means may include a fun-
nel-shaped casing movable to the support position and
a means for filling the casing with a vibration or oscilla-
tion dampening’ means which provides a uniform
contact with the cone area of the rod whereby all points
about the cone area circumference are completely sup-
ported by such dampening means. In certain embodi-
ments of the invention, such dampening means may
comprise granular silicon, granular quartz or sand. In
other embodiments of the invention, such dampening

‘means may comprise a liquified metal, preferably mol-

ten lead or indium, which becomes rigid within the fun-
nel-shaped casing to provide a desired support. In other
embodiments of the invention, the vibration or oscilla-
tion dampemng means may comprise metal spheroids
or the like in an extremely dense distribution. In yet
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other embodiments of the invention, the dampening
means may comprise inserts of an extremely pure
metal, for example, aluminum, attached to the upper
periphery of the funnel-shaped casing which contact
the cone area of the rod upon upward movement of the
casing and melt with the rod material to form a eutectic
mixture between the metal and the rod material, for ex-
ample, silicon, which then solidifies and provides a
solid connection between the casing and the rod. These
last embodiments, as compared to the suggestions of
German Offenlegungsschrift 1,519,901, provide a uni-
form dampening and supporting function even at any
and all non-uniform points along the cone area circum-
ference during the alloying process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partial cross-sectional elevated view of a
lower rod mounting arrangement for use in a crucible-
free zone melt process which schematically illustrates
an embodiment of the invention in a nonoperative posi-
tion;

FIG. 2 is a somewhat similar view to that of FIG. 1
and schematically illustrates an embodiment of the in-
vention in an operative position; and

FIG. 3 is a partial cross-sectional elevated view of a
lower rod mounting arrangement for use in a crucible-
free zone melt process, which schematically illustrates
another embodiment of the invention in an operative
position.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The invention provides an improved method and ap-
paratus for producing dislocation-free monocrystalline
semiconductor rods.

In accordance with the principles of the method em-
bodiments of the invention, a polycrystalline semicon-
ductor rod, such as primarily composed of silicon, is
melt-connected to a seed crystal and positioned within
a crucible-free zone melt environment. A melt zone is
generated at the juncture between the rod and the seed
crystal and controllably moved through the rod to a se-
lect point thereon, preferably at least about 10 cm
above the cone-shaped area of the rod and then the
cone-shaped lower area of the rod is uniformly sup-
ported so as to prevent any oscillations and the like
from forming at the juncture of the rod in the seed crys-
tal. Thereafter, the melt zone is again controllably
moved through the remainder of the rod. In this man-
ner, oscillations at the juncture between the semicon-
ductor rod and the seed crystal are avoided so that dis-
locations and other irregularities cannot develop within
the processed rod.

In accordance with the principles of the apparatus
embodiments of the invention, a funnel-shaped casing
is appropriately coupled to a seed crystal mounting
means so as to be axially and rotatably movable with
said mounting means and axially movable relative to
such mounting means. At its uppermost position, the
casing uniformly encloses the conical area of the crys-
talline rod being processed. Self-adjusting vibration
dampening means, such as molten metal, particulated
quartz, sand, silicon, etc. is preferably provided within
the casing.to positively provide anti-oscillation support
and uniformly contact any irregular points about the
rod circumference.

An extremely economical and reliable oscillation or
vibration arresting action is obtained by the addition of

5

20

25

30

35

40

45

50

55

60

65

4

a dampening means, such as grain-like silicon, quartz,
sand and/or metal particles. Such dampening means,
which may also include liquified or molten metal, is es-
sentiaily self-adjusting to any irregularities in the rod
circumference and provides a uniform and complete
support for the enclosed area thereof and prevents os-
cillations or the like so that discloation-free crystals are
readily and reliably produced by following the princi-
ples of the invention.

In one preferred embodiment of the invention, the
dampening means comprises rigid inserts composed of
a very pure metal having a relatively low melting point,
such as aluminum, which are positioned at the upper
periphery of the funnel-shaped casing so that upon the
upward movement of the casing, the inserts contact ad-
jacent points of the rod and the ends of the inserts melt
to form a eutectic mixture with the rod material and
then solidify to provide positive anti-oscillation sup-
port. In comparison with the arrangement suggested by
German Offenlegungsschrift 1,519,901, the instant in-
vention, including the above preferred embodiments
thereof, provides a uniform support for any and all un-
even points or the like at the rod circumference
thereby avoiding the drawbacks noted earlier and pro-
viding positive and complete support for the growing
monocrystalline rods.

In accordance with the principles of the invention,
the uniform support for the bottom of the rod being
processed is provided when the melt zone has traveled
through the rod to a select point thereon, preferably at
least about 10 cm above the highest reach of the fun-
nel-shaped support means.

A preferred embodiment of an apparatus constructed
and operable in accordance with the principles of the
invention comprises two vertically opposing and ap-
proximately coaxially aligned rod mounting members
in a crucible-free zone melt apparatus which may typi-
cally include an induction heating coil and an enclosed
chamber along with means for supplying energy to the
coil and for supplying a select atmosphere to the cham-
ber: At least one of the rod mounting members is pro-
vided with a seed crystal which is melt-connected to a
rod to be treated (i.e., a melt zone is generated at adja-
cent surfaces of the seed crystal and the rod and the
molten surfaces are brought together to form a unified
molten mass which is allowed to solidify and form a
solid juncture. The rod mounting member having the
seed crystal therein is also coupled with a funnel-
shaped hollow casing which is axially and rotatably
movable with the mounting member and is indepen-
dently axially movable relative to the mounting mem-
ber. This funnel-shaped casing is axially movable a dis-
tance sufficient to encompass the cone area of a rod
above a seed crystal and may be associated with a
means for providing a self-adjusting vibration or oscil-
lation dampening means to the casing. The self-adjust-
ing oscillation dampening means is selected from the
group consisting of particulate silicon, quartz, sand,
metal (metal spheroids), liquified and re-solidifiable
metal having a relatively low melting point, i.e., below
the melting point of the rod being treated, such as alu-
minum, lead or indium, which may be provided in ini-
tially molten form to simply fill any space between the
hollow funnel-shaped casing or be provided as solid in-
serts, the ends of which melt upon contact with the hot
cone area of the rod being processed so as to form a eu-
tectic mixture and upon solidification form a solid sup-
port for the rod. The flowable dampening means may




3,923,468

5
be added to the funnel:shaped casing with the aid-of an
appropriate filling device, such as a conduit and the
non-flowable dampenmg means may be added to the
funnel-shaped casing during assembly-thereof.

In the drawings, only essential features of the cruci-
ble-free zone melt apparatus have been illustrated in
order ‘to s1mphfy the understanding of the invention
and workers in the art will readily recognize and supply
other elemeénts:and/or features required to obtain an
operable zone melt apparatus and such operable appa-
ratus will hereinafter and in the claims be referred to as
a cruc1ble-free zone melt apparatus and/or. environ-
ment.

As shown in FIG. 1, a monocrystallme seed 2 is
mounted in a mounting member 3 within 2 crucible-
free zone melt apparatus and/or environment ZM. The
seed crystal 2 is melt-connected with the lower end of
a semiconductor crystalline rod 4 so as to form a junc-
ture 2a therebetween. The rod 4 and the seed crystal 2
may, for example, be composed of silicon. A melt zone
6 is generated, as with the aid of induction heating coil
5, and controllably moved in an axial direction through
the rod 4 from the juncture 2a upward to a select point
P thereon. Movement of the melt zone is achieved by
relative movement between the rod 4 and the heat coil
5.

A hollow funnel-shaped casing 7, for example, com-
posed of titanium, steel, silicon or graphite, is mounted
to encase the mounting member 3 and since the drive
means (schematically illustrated as the vertically dou-
ble-headed arrow and the horizontally curved double-
headed arrow) for the mounting member is outside the
bottom wall 11 of the crucible-free zone melt apparatus
ZM, the casing 7 is axially and rotatably movable with
the mounting member 3. In addition, casing 7 is inde-
pendently axially movable relative to the mounting
member 3. Thus, when the mounting member 3 is axi-
ally or rotatably moved, the casing 7 is likewise moved
but the casing 7 may be axially moved independent of
the mounting member 3. The funnel casing 7 is sup-
ported on a stud 8 which is attached to a pin 9 arranged
within the mounting member 3 and which is axially
movable. The stud 8 may be positioned within a guide
slot 10 within the mounting member 3. Workers in the
art will readily appreciate that other coupling means
may also be utilized in accordance with the principles
of the invention. Reference numeral 11 designates a
portion of the bottom wall of an enclosed chamber typ-
ically utilized in a crucible-free zone melt apparatus
and various seal means, drive means, atmosphere con-
trol means, energy supply means, etc. have been omit-
ted from the drawings in order to simplify the under-
standing of the invention and to provide a better overall
view of the essential features of the invention.

FIG. 1 illustrates the relative position of the elements
before the rod end 4a is provided with support. The end
4a at this stage has grown as a monocrystal without dis-
locations at the relatively thin connecting or bridging
piece 12 during a so-called bottle-neck-shaped con-
striction or necking process whereby a melt connection
was formed between the seed crystal and the rod 4 and
the melt zone moved therefrom through the rod one or
more times. Since during such a process, both the rod
4 and the seed crystal 2 are rotated about their respec-
tive axes, there is a danger that the end 4a of the rod 4
which grows at the bottle-neck-shaped constriction 12
may begin to oscillate or vibrate when the melt zone 6
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6

moves sufficiently from the juncture 2a between the
seed crystal 2 and:the rod 4. :

In instances where a silicon rod of about 40 mm di-
ameter is bemg so processed, the distance between the
bridging piece 12 and the melt zone at which such os-
cillations are noted is about 70-¢m. The amplitudes of
such oscillations are often so great that the growth pro-
cess ‘mustbe mterrupted and correctlve measures
taken

- In accordance ‘with the principles of the invention,
before the melt:zone 6 reaches the critical distance or
point from the bottle-neck-shaped constriction 12, the
funnel-shaped casing 7 is moved Upwardly with the aid
of the pin’9 so as'to encdse the corie area 4a of the rod
4 positioned above the seed crystal 2, such as'shown in
FIGS. 2 and 3. In order to insure a positive support and
oscillation arrest, a self-adjusting dampening or stabi-
lizing means 13s provided between the-interior of the
funnel-shaped casing 7 and" the perlphery of the lower
end 4a of the rod 4.

FIG. 2 illustrates a funnel-shaped casing 7 being filled
with the dampening means 13, such as particulate
quartz or sand, via a filling conduit 14. Granular sili-
con, metal spheroids, sand or a compatible (i.e., sub-
stantially inert and non-contaminating) metal, such as
molten lead or indium, which solidifies within the cas-
ing 7 upon coming in contact with the relatively hot
lower rod portion may also be used in place of the par-
ticulate quartz or sand. As is apparent from FIG. 2,
once the casing 7 has been moved to its operative or
supporting position, the rod 4 can no longer oscillate
on the bottle-neck-shaped constriction. The lower rod
portion 4a follows the seed crystal and the narrow con-
striction or bridging piece 12 is already sufficiently cold
at this time so that no dislocations or the like can form.
The remaining reference numerals shown in FIG. 2 are
identical to those utilized in FIG. 1 and refer to identi-
cal elements discussed in conjuction with FIG. 1.

FIG. 3 illustrates another embodiment of the inven-
tion for supporting a growing monocrystal so as to
avoid formation of dislocations or other irregularities
therein. In this embodiment, inserts 15 are attached via
mountings 16 along the upper periphery of a funnel-
shaped casing 7 so that such inserts gently touch the pe-
riphery of the cone area 4a when the casing is moved to
its upward position. The inserts 15 are composed of a
compatible, relatively low melting, extremely pure
metal, for example, aluminum, which melts upon
contact with the still-hot rod material and alloys with or
forms a eutectic mixture therewith. While the melt
zone continues its passage upwardly through the re-
maining portions of the rod 4, the alloyed area of the
rod cone circumference cools and a solid connection
forms which prevents any oscillations or vibrations and
provides a uniform support for any and all uneven
points on the cone circumference. In this embodiment,
it is important to select a metal for the inserts which has
an appropriate melting point. The remaining reference
numerals in this Figure are identical with those utilized
in FIGS. 1 and 2 and refer to similar elements as dis-
cussed in conjunction with FIGS. 1 and 2.

As is apparent from the foregoing specification, the
present invention is susceptible of being embodied with
various alterations and modifications which may differ

. particularly from those that have been described in the
preceding specification and description. For this rea-
son, it is to be fully understood that all of the foregoing
is intended to be merely illustrative and is not to ‘be
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construed or interpreted as being restrictive or other-
wise limiting of the present invention, excepting as it is
set forth and defined in the hereto-appendant claims.
I claim as my invention:
1. A method of crucible-free zone melt processing of
a semiconductor crystal rod comprising: v
arranging a semiconductor crystal rod within a cruci-
ble-free zone melt environment with a seed crystal
attached to a lower end thereof;
generating a melt zone at the juncture of said seed
crystal and said rod and controllably moving said
melt zone away from said juncture through said rod
to a select point thereon,
uniformly supporting said lower end of said rod so as
to prevent oscillations at the juncture of said seed
crystal and said rod; said uniform supporting of
said lower end of the rod being accomplished by
. axially upwardly moving a hollow funnel-shaped
_support means from a position below said juncture
between the between the seed crystal and the rod
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8

to a position surrounding the lower end of said rod;
said support means comprising a funnel-shaped
casing filled with a granular material selected from
the class consisting of silicon, quartz, sand and
metal spheroids, said material being self-adjusting
to contact all points about the circumference of the
lower end of said rod so as to dampen any oscilla-
tion between the rod and the seed crystal; and
controllably moving said melt zone from said select
point through the remaining portion of said rod.

2. A method as defined in claim 1 wherein said select
point is at least about 10 cm above the supported lower
end of said rod. ‘

3. A method as defined in claim 1 wherein said sup-
port means is axially moved upward when the melt
zone passes through the rod a distance of at least about
10 cm above the area thereof encompassed by said cas-

ing at an uppermost position thereof.
* * * * *




