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SYSTEMS AND METHODS FOR MANUFACTURING
GRANULAR MATERIAL, AND FOR MEASURING
AND REDUCING DUST IN GRANULAR MATERIAL

BACKGROUND OF THE INVENTION

[0001] This invention relates to dust in granular
material, and more particularly to apparatus and methods for
measuring and for reducing dust in granular polysilicon used
to grow semiconductor crystal and solar-grade crystal.

[0002] Granular polysilicon, such as CVD grown
£fluidized bed granular polysilicon, is typically delivered
to a crystal growing facility in a shipping container. A
conventional container has 300 kg of granular polysilicon.
The granular polysilicon is typically sized between 400 and
1400 microns, and any particles sized less than 10 microns
is considered dust. As a practical matter, all containers
include some amount of dust therein.

[0003] The prior art has failed to recognize the
extent to which dust can affect the yield of high quality
semiconductor crystal. Substantial gquantities of dust mixed
with the granular polysilicon increases the risk of
undesirable defects, such ag "Loss of Zero Dislocation™
(1ZD) in high quality semiconductor crystal. While
relatively small batches of prior art granulaxr polysilicon
have included acceptably low amounts of dust, there hag been
no reliable system for obtaining such low-dust polysilicon
in large guantities using modern continuous manufacturing
methods. Accordingly, improved methods of measuring the
dust, reducing the dust and specifying maximum alliowable

dust in the granular polysilicon are needed.

SUMMARY OF THE INVENTION

[0004] Briefly, one aspect of the invention is a

method of continucusly manufacturing granular polysilicon
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comprising forming the granular polysilicon by chemical
vapor deposition in a fluidized bed process and classifying
the granular polysilicon by size. Dust is removed from the
granular polysilicon so that dust within the granular
polysilicon has a mass less than 3 mg per 100 kg of
polysilicon. The granular polysilicon is packaged after the
dust has been removed.

[0005] Another aspect of the invention is a system for
removing dust from granular polysilicon. The systen
comprises a vacuum source for pulling dust away from the
polysilicon and a process vessel adapted to receive the
granular polysilicon. The process vessel includes opposite
first and second ends, a polysilicon passage in the first
end for allowing passage of the granular polysilicon and a
vacuum port for connection to the vacuum source. The vacuum
port is disposed adjacent the second end of the process
vessel so that the polysilicon does not block the port when
the process vessel is rotated from the upright position for
pouring of the polysilicon from the process vessel. The
system further comprises a container for receiving the

granular polysilicon from the process vessel.

OTHER STATEMENTS OF THE INVENTION

[0006] In another aspect, a process vessel ig adapted
to receive granular polysilicon and comprises opposite first
and second ends, a polysilicon passage in the first end for
allowing passage of the granular polysilicon, and a vacuum
port for connection to a vacuum source. There is a closure
for the vacuum port, and the vacuum port is disposed
adjacent the second end of the process vessel so that the
granular polysilicon does not block the port when the
process vessel is rotated from the upright position for

pouring of the granular polysilicon from the process vessel.
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[0007] In some embodiments of this aspect, the wvacuum
port may disposed in a side wall of the process vessel .

Also in this embodiment, the granular polysilicon can have
less than 3 mg of dust per 10 kg of the granular polysilicon
received in the container. A valve might also be connected
to the polysilicon passage for selectively stopping flow of
the granular polysilicon through the polysilicon passage.

[0008] Yet another aspect of the invention is a method
of removing dust from a quantity of polysilicon material
comprising granular polysilicon and dust stored in a process
veasel having a polyvsilicon passage in one end for
discharging the granular polysilicon and a vacuum port in or
adjacent an opposite end and spaced from the granular
polysilicon. The method comprises pouring the quantity of
polysilicon material from the process vessel into a
container, pulling a vacuum through the vacuum port to pull
the dust from around the granular polysilicon and to inhibit
pulling of the granular polysilicon.

[0009] In some embodiments of this aspect, the pouring
and pulling steps might be performed repeatedly until there
is less than 3 mg of dust per 10kg of granular polysilicon
received in the container. The vacuum pulling step may be
performed at a pressure between 1.3 and 5.1 centimeters of
water below atmospheric pressure. The vacuum pulling step
may be performed at a pressure between 1.8 and 2.3
centimeters of water below atmospheric pressure and tﬁe
polysilicon may be poured at a flow rate between 10-12
kilograms per minute.

[0010] 1In still another aspect, a system for removing
dust from a flow of granular polysilicon comprises a baffle
tube having an upper opening adapted for fluid communication
with a granular polysilicon supply for receiving the flow of
granular polysilicon, and a lower opening for discharging

the granular polysilicon. There is at least one baffle
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below the upper opening to alter the direction of flow of
the granular polysilicon to encourage dust entrained in the
granular polysilicon to separate from the granular
polygilicon. A vacuum source is connected to the upper
opening to pull gas-entrained dust oppogite a direction of
the flow of the granular polysilicon through the baffle
tube.

[0011] In some embodiments of this aspect, the system
can further comprise a housing mounting the baffle tube. The
housing may mount a funnel disposed above the baffle tube
for shielding the flow of polysilicon from the vacuum. The
housing might include a vacuum port disposed above the upper
opening of the baffle tube to inhibit pulling of the
polysilicon through the vacuum port.

[0012] In another aspect, a system for measuring dust
in a flow of granular polysilicon comprises a vacuum source
and a filter to capture dust for use in measuring the dust.
A manifold includes a dust collection chamber for allowing
passage of the granular polysilicon, an ocutlet extending
from the chamber and in fiuid communication with the vacuum
source for pulling dust from the chamber, and an air passage
including at least one port exiending from the chamber to an
atmosphere surrounding the system. The filter is disposed
between the outlet and the vacuum source. The one port of
the air passage is disposed adjacent the outlet for drawing
ambient air through the chamber opposite the direction of
flow of the granular polysilicon and thereby encouraging the
dust to exit the chamber through the outlet and thereafter
be trapped in the filter.

[0013] In some embodiments of this aspect, the air
passage may include six equally spaced ports within about
2.5 cm of the outlet. The air passage can be disposed below
the outlet, and the filter may be made of paper. The outlet

may be sized between about 0.25 and about 0.36 centimeters.
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[0014] In another method of the invention, dust is
measured from a flow of polysilicon material including
granular polysilicon and dust. The method is performed
using an apparatus comprising a vacuum source, a manifold
including a dust collection chamber for the flow of
polysilicon material, and an outlet extending from the dust
collection chamber and in f£luid communication with the
vacuum source. A filter is disposed between the outlet and
the vacuum source, and an alr passage extends from the
chamber to an atmosphere surrounding the system. The air
passage includes a port disposed adjacent the outlet. The
method compriges the steps, in order, of weighing the filter
a first time, and operating the wvacuum source for a
predetermined period of time as the stream of polysilicon
material flows through the chamber at a predetermined mass
flow rate. The vacuum source ig operating to draw air and
dust through the outlet and to the filter where the dust is
captured and air passes through to the vacuum source.
Operation of the vacuum source is then stopped and the
filter is welghed a second time after operation of the
vacuum source to determine the weight of the dust captured
by the filter,

[00185] In some embodiments of this method, the vacuum
gource may be operated at a predetermined flow rate to draw
dust of 10 microns or less. The predetermined period of
time may be more than about 30 seconds and less than about
90 seconds. The predetermined polysilicon flow rate is
suitably about 10-12 kg/minute and the air is drawn into the
air passage at a rate of about 2.5 liters/minute.

[0016] 1In yet another aspect, a supply of granular
polygilicon isg produced in a continuous manufacturing method
and is suitable for making semiconductor grade crystal. The
granular polysilicon has an average diameter oxr average

width sized between 400 and 1400 microns. The supply of
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granular polysilicon weighs at least about 3000 kg, and
particles of dust entrained in the polysilicon are sized
less than 10 microns and have a mass less than 3 mg of dust
per 100 kg of polysilicon. In some embodiments of this
aspect, the supply is contained in a plurality of
containers.

[0017] Other features of the present invention will be

in part apparent and in part pointed out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Fig. 1 is a perspective view of a process
vessel, valve and source vessel, the source veggel being
turned upside down for pouring granular polysilicon through
the valve into the process vessel;

[0019] Fig. 2 is a perspective view similar to Fig. 1
but with the positions of the process and source vessels
reversed and schematically showing a vacuum source for
removing dust from the granular polysilicon;

[0020] Fig. 2A is a Efragmentary cross-section of the
process vessel taken along line 2A-~2A of Fig. 2;

[0021] Fig. 3 is a partially schematic cross-section
showing another system for removing dust from the granular
polysilicon;

[0022] TFig. 4 is a partially schematic cross-section
showing a system for measuring dust;

[0023] Fig. 5 is a graph of yield of zerc dislocation
crystal;

[0024] Fig. 6 is a schematic of a granular polysilicon
manufacturing and packaging system;

[0025] Figs. 7-8 are graphs of dust contained in a
sample of source vessels. |

[0026] Corresponding reference characters indicate

corresponding parts throughout the drawings.
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DESCRIPTICN OF THE PREFERRED EMBODIMENTS

[0027] Referring to Figs. 1-2A, a system for removing
dust from granular polysilicon is generally designated 11.
The gystem 11 generally comprises a source vessel § for
containing the granular polysilicon GP, dust D mixed in with
the granular polysilicon, a vacuum source V for pulling dust
away from the granular polysilicon, and a process vessel P.
For purposes of the present description, dust D is formed by
those particles of polysilicon which are so small as to
easily become airborne when the pelysilicon material is
handled. Generally speaking, these particles have a size of
10 microns or less.

[0028] The source vessel S contains a bulk supply of
granular polysilicon GP (broadly, granular material).
Typically, the source vessel 8 is cylindric and includes a
conical upper end 21 with a central opening 23 (broadly,
polysilicon passage).

[0029] The process vessel P is substantially identical
to the source vessel 8, except that the process vessel is
modified to include a vacuum port 25 adjacent a second end
27 of the vessel in the sgide of vessel (the lower end when
the vessgel is upright). In this embodiment, the port 25 is
disposed above the level of granular polysilicon when the
vesgel P ig inverted so that granular polysilicon does not
block the port (Fig. 2A). The vacuum port 25 may be fitted
with a closure 29 to retain the granular polysilicon therein
when the vessel is upright as shown in Fig. 1. The vacuum
port 25 may also include a conventional gquick-connector Eor
enabling quick connection of a hose, Note that the port 25
may be disposed in other parts of the vessel, e.g., in the
upper end. It is also contemplated for the port to extend
from a second opening in the upper (first) end, e.g., and
include a tube extending from this opening through the

granular polysilicon to adjacent the lower (second) end.
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[00301 The vacuum source V includes a pump 31 for
drawing the vacuum and a vacuum hose 33 connecting the pump
to the vessel P. The vacuum source V may also include a
filter {not shown) to inhibit the dust D from entering the
pump or entering the atmosphere around the system 11.

[0031] In one method of removing dust D from the
polysilicon material in the source vessel S, a valve 37,
such as an "angle of repose" (AOR) valve, is attached to the
opening 23 of the source vessel. The source vessel S is
inverted (Fig. 1) and secured by an arm 39 extending from
vertical post 41, the valve 37 is connected to the process
veggel P, and the valve is opened to allow granularx
polysilicon GP and dust D to flow from the source vessel to
the process vessel. After the source vessel 8 ig emptied,
both vessels are inverted, again with the valve 37 mounted
hetween the vessels, so that they are in the configuration
shown in Fig. 2. The configuration of Fig. 2 is similar to
that of Fig. 1, except that the vacuum hose 33 is connected
to the vacuum port 25. The valve 37 is opened, and as the
granular polysilicon GP and dust D flows back toward the
source vegsel 8, the vacuum pulls airborne dust D from
around the granular polysilicon. Note that the vacuum
creates a counterflow of gas at or adjacent the opening 23
of the process vessel P, the counterflow functioning to pull
airborne dust D from around the granular polysilicon GP
generally at or adjacent the opening. The airborne dust is
pulled out of the process vessel P thereby preventing the
dust from re-entering the source vessel S.

{0032] 1In one embodiment, the vacuum source ig set ko
apply a vacuum pressure so that the granular polysilicon GP
flows from the process vessel P at a rate of about 10
kg/min. The exact vacuum pressure necessary Lo allow such
flow will vary with factors such as the size of the opening

23 and the size of the process vessel P. A suitable method
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of finding the appropriate vacuum pressure is to begin the
process at a pressure that does not allow the granular
polysilicon GP to flow from the process veasel P and then
reduce the vacuum pressure until the granular polysilicon
flows at a satisfactory rate that allows for both efficient
processing and significant reduction of dust D in the
polysilicon material. The vacuum pressure may vary for
different systems, for example, between about 1.2 and 5.1 cm
of water below atmospheric pressure. However, once an
appropriate pressure is determined for a particular system,
the pressure need not be varied.

[0033] Referring to Fig. 3, another system 51 for
removing dust D from the granular polysilicon GP comprises a
housing 53 mounting a funnel 55, a baffle tube 57, and a
vacuum port 52. The housing 53 is mounted on a lower
portion of the valve 37, the valve being connected to the
source vessel 8 in a configuration like that shown in Fig.
1. 'The funnel 55 is mounted in an up@ér gection of the
housing 53. The funnel 55 has a wide entrance 61 for
receiving the granular polysilicon and a conical section 62
that narrows toward a lower section 63. The bafflie tube 57
includes an upper opening 65 receiving the exit of the
funnel 55, baffles 67 digposed just below the exit, and a
lower opening 69 for discharging the granular polysilicon GP
to another container (not shown}. The baffles 67 extend at
a downward angle from the inner wall of the tube and extend
about halfway across the baffle tube 57. The baffles 67 are
thereby shaped and arranged to repeatedly alter the flow of
the granular polysilicon GP through the tube 57 to thereby
encourage dust D entrained in the granular pelysilicon ox
attached to the granules to separate from the granular
polysilicon and become airborne. The airborne dust can be
pulled upwardly out of the baffle tube 57 by vacuum. Four
baffles 67 are shown, though any number of baffles may be



(25) JP 2012-162453 A 2012.8.30

10

used within the scope of this invention. Other types of
paffles are contemplated within the scope of this invention.

[0034] The vacuum port 5% has a first end 71 joined to
the upper section of the housing 53 and extends at a
downward angle to a second end 73 that receives the hose 33
from the vacuum source V. The first end 71 of the vacuum
port 59 is disposed adjacent the funnel 55 and above the
upper opening 65 of the baffle tube 57 so that the vacuum
port is spaced from the upper opening and the funnel is
interposed between the vacuum port and the stream of
granular polysilicon. In this way, the granular polysilicon
flow is shielded from the vacuum to thereby inhibit the
granules from being pulled into the vacuum. The vacuum
creates a counterflow of air opposite the direction of
polysilicon flow so that only the airborne dust D isg pulled
by the vacuum. Note that each of the vacuum port 52, the
funnel 55 and the baffle tube 57 may be attached to the
housing 53 in any suitable manner, such as by welding or by
forming integrally in the housing as a one-plece system.
Also, the main function of the fumnnel 55 is to shield the
granular polysilicon GP from the vacuum, and it is
contemplated that the funnel be replaced by a tube or
channel, rather than a conical funnel.

[0035] In a method of using the system 51, the vacuum
source V is activated. The valve 37 is opened so that
granular polysilicon GP flows through the funnel 55 and the
baffle tube 57. The vacuum source V operates to pull a
substantial portion of the dust D from around the granular
polysilicon GP. The method is satisfactory to reduce the
dust D in most granular polysilicon. More specifically,
this arrangement pulls a sufficient amount of the airborne
dust from the polysilicon flow so that the discharged
granular polysilicon GP is within the dust specification,

e.g., less than 3 milligrams per 10 kilograms of granulax
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polysilicon, as measured according to the measuring
measurement described below. As stated below, crystal
pulling operations are not significantly affected by the
presence of dust at this low level.

[0036] Referring to Fig. 4, a system 81 for measuring
dust D in the flow of granular polysilicon GP comprises a
manifold, generally designated 83, and a filter assembly,
generally designated 85, for capturing the dust. The
manifold 83 includes a flow through dust collection chamber
87 for allowing passage of the granular polysilicon flow.
The chamber 87 is in fluid communication with an upper
vessel 89, such as the source vessel §S or process veggel P
and discharges the flow into a container 91, such as a feed
hopper 117 oxr other vessel. A dust outlet 93 extends upward
through the manifold 83 from the dust collection chamber 87
to a junction with the filter assembly 85. A filter housing
97 of the filter assembly 85 is generally tubular and has 2a
first end 99, received in the outlet 93 of the manifold at
the junction and a second end 101 for receiving a hose 103
connected to a vacuum source V. A filter 105 of the filter
assembly 85 is retained within the filter housing 97 and
thereby disposed between the ocutlet 93 and the vacuum source
V. The filter 105 is circular and is made of a suitable
material such ae paper. A suitable filter assembly is a 37
mm diameter MILLIPORE® field monitor filter.

[0037] The manifold 83 further comprises an air
passage including six ports 107 {three are shown in Fig. 4)
that extend from the dust collection chamber 87 to the
atmosphere surrounding the manifold. The ports 107 are
suitably sized, e.g., the ports have an inner diameter
between about .89 and about .11 mm, in one embodiment about
.10 mm. The ports 107 are equally spaced around the dust
collection chamber 87 and are disposed adjacent the ocutlet

93 {e.g., within about 2.5 cm, or within aboub 1.25 cm below
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the outlet) so that the vacuum draws ambient ailr through the
port and through the dust collection chamber opposite the
direction of flow of the granular polysilicon GP. The
vacuum thereby encourages the dust D to exit the chamber 87
through the outlet 93 and thereafter be trapped in the
filter 105.

[0038] The dimensions of the outlet 93 of the manifold
83 and the vacuum pump flow rate are selected so as to draw
silicon dust particles through the outlet and into the
fFilter 105. The settling rate for silicon dust of less than
10 microns in diameter is about 0.61 c¢m/s (Figure 5-80 of
Perry’s Chemical Engineers’ Handbook, Revised 5 Ed.). From
the settling rate, the outlet diameter is sized between
about 0.25 and about 0.36 centimeters, e.g., about 0.30 cm,
and the pump flow rate is about 2.50C liters/minute., Note
the dust collection chamber 87 is suitably sized about 3.8
cm in diameter.

[0039] 1In a method of measuring the relative amount of
dust D in a flow of granular polysilicon GP, the fiiter
assembly 85 is weighed and thereafter connected to the
manifold 82 and the vacuum source V in the configuration
shown in Fig. 4. Note that either the filter 105 or filter
assembly 85 may be weighed. The valve is opened to allow a
flow of granular polysilicon GP through the manifold 83 at a
predetermined flow rate, and the vacuum source V ig turned
on to draw dust through the filter 105. The wvacuum source V
ig turned off after a predetermined sampling time (the
polysilicon flow may also be turned off). The filter
assembly 85 is disconnected from the vacuum source V and the
manifold 83, and is weighed a second time. The first weight
measurement is subtracted from the second measurement to
determine the weight of the dust particles collected in the
sampling time. The mass flow rate of the granular

polysilicon GP through the manifold 83 is known. The
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resulting measurement given in terms of dust weight per
granular polysilicon weight, e.g., mg of dust per kg of
granular polysilicon. The measurement is a relative measure
of dust D in the granular polysilicon GP because not all
dust is removed from the granular polysilicon in this
method. Applicants have found accurate relative
measurements of dust are made under the following
conditions: sampling time of 1 minute t 5 seconds, granular
polysilicon flow rate through the dust collection chamber of
about 10 kg/minute + 0.10, pump flow rate of about 2.50
liters/minute.

[00401 The measuring method of this invention can be
used at a number of points during manufacture, delivery and
use of the granular polysilicon GP. More specifically, the
method may be employed at the granular polysilicon point of
use, i.e., at the crystal puller, at the point of entry into
crystal pulling facility (Incoming Quality Assurance or
T0A), or during manufacturing of the granular polysilicon.
The method provides a relative dust measurement that can be
used to:

{1) assist in quantifying the impact of dust D on
crystal yield,

(2) accept or reject incoming containers {vessels) of
granular polysilicon based on dust therein,

(3) sort incoming containers so that only those with
dust below a predetermined specification are delivered to
crystal pullers used in dust-sensitive crystal growth
processes.

[0041] As noted above, the prior art has failed to
recognize the extent to which the dust D affects the yield
of high quality semiconductor crystal, and the extent to
which the dust affects advanced crystal growers. When the
granular polysilicon GP is transferred from the container to

a feeder system of a crystal grower, the dust is also
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transferred to the feeder system. From the feeder gystem,
the dust D can settle and collect on the surface of the
crystal grower hot zone, especially on colder surfaces in
advanced "closed" crystal growers. eThe dust D may then
contact the crystal or the silicon melt near the
crystal/melt interface. Such contact significantly
increases the risk of undesirable defects, such as "LoOss of
zero Dislocation® (LZD) in high quality semiconductor
crystal. Such crystal, and the advanced grower used Lo grow
the crystal, are found to be "dust gensitive."

[0042] Applicants have found that when the dust level
in the granular polysilicon used in crystal growing 1s
consistently maintained below the specification of 3 mg per
10 kg of granular polysilicon, an unexpectedly large
increase in the vield of "Zero Dislocation' crystal occurs,
as shown in Fig. 5. In Fig. 5, the yield is that portion of
the length of 300 mm crystal in which there are zZero
dislocations. Figure 5 shows that prior to use of the
specification (the data in the 7 columns preceding the "Dust
Tegt" column), there was a congistently significant variance
in yield. In other words, in samples of about 30 crystals,
the length of zero dislocation crystal grown in each crystal
varied anywhere from about 0 to about 76.2 cm. For example
in sample column 7, the yield varied from 0 to about 76.2 com
for a sample of about 32 crystals. With use of the
specification {(Dust Test column), the yvield ranged from
about 71 to about 79 cm for a sample of about 29 crystals.
No other variables in crystal growth were varied during the
dust test. BAccordingly, applicants believe that use of
granular polysilicon within the specification caused this
surprising increase in yield.

10043] To ensure the quality of granular polysilicon
delivered to the crystal pullers, one can employ any one cof

the measuring and dust removal steps discussed above, or any
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combination thereof. For example, dust D in the source
vessels can be measured and sorted according to the dust
measurement. The vessels with the lowest dust may then be
used in the most dust-sensitive crystal pulling
applications. Alternatively, vessels with dust D exceeding
the gpecification can be nde-dusted" using the above
methods. Further, either of the dust removal methods could
be performed during manufacturing to ensure that
substantially all of the source vessels delivered to the
crystal pulling facility are below the dust specification.

[0044]1 The dust removal methods have proven to be more
effective than "gas classification," which is typically used
in granular polysilicon manufacturing, as described below.
Applicants found that gas clagsification does not filter out
a sufficient amount of the dust D. Further, dust is often
segregated into one portion of a large hopper used during
manufacturing to £ill shipping containers (vessels). BSuch
segregation causes some containers Lo have relatively low
levels of dust, while other containers have relatively high
levels, depending on whether the hopper was nearly full or
nearly empty when the container was filled. During one
sample period, about 25% of containers received at a crystal
growing facility had dust exceeding the specification
discusszed above. The new dust removal methods of this
invention were found sufficient to ensure that a
significantly higher percentage of the granular polysilicon
falls within the dust specification. This result is proven
by the higher zD crystal yields shown in Fig. 5.

[0045] In another method, the granular polysilicon is
de-dusted as part of the manufacturing and packaging
process. Referring to Fig. 6, & manufacturing and packaging
system 109 is shown schematically and comprises a
conventional fluidized bed reactor 111, a conventional gas

classifier 113, a conventional dehydrogenator 115 and the
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dust removal system 51, The system 109 is used in a
continuous manufacturing method. A first step of the method
is a conventional chemical vapor decomposition process
wherein polysilicon seeds are periodically fed into the
reactor 111. More particularly, the seeds are fed into a
flowing gaseous mixture of SiH,+H, at a temperature suitable
for decomposition of the SiH, into H; gas and Si. The 8i
deposits on the polysilicon seeds to form the granular
polysilicon GP, which is thereafter removed from the reactor
111. The granular polysilicon is transferred by suitable
means (e.g., a portable hopper) to the gas classifier 113
for classification by particle size. The granular
polysilicon is then subjected to dehydrogenation in the
dehydrogenator 115. The granular polysilicon may also be
subjected to the gas classifier multiple times, before
and/or after the dehydrogenatiomn.

[0046] During deposition and dehydrogenation, dust D
is generated by collisions of the particles with one another
and with the internal walls of the respective reactor 11l
and dehydrogenator 115. Dust is also generated in the
reactor 111 by nucleation and growth of particles during SiH,
decomposition. To remove the dust D, the granulaxr
polysilicon is placed in a hopper 117 connected to the dust
removal system 51 and dust is removed from the granular
polysilicon according to the method described above. The
system 51 delivers the de-dusted granular polysilicon into
the source vessel S. The method is suitably used to deliver
a substantial amount, e.g., at least 3000 kg, of de-dusted
granular polysilicon to a plurality of source vessels
(shipping containers). The granular polysilicon is thereby
packaged in substantially dust-free form and ready for
shipment to customers. In this method, de-dusting at the
point of use is not needed because each source vessel will

have less than the specified amount of dust.
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[0047] It will be understood that other dust removal
gystems may be used instead of, or in addition teo, the
system 51. For example, the system 11 may be used, and the
hopper 117 may be modified similar to the process vessel P
so that dust D is pulled from around the granular
polysilicon. Also, the dust removal systems may be employed
between other steps in the manufacturing process, €.d.,

prior to dehydrogenation.

EXAMPLES

[0048] Two 300 kilogram source vessels (or shipping
drums) arrived at the crystal growing facility. The vessels
were emptied into process vessels in the configuration shown
in Fig. 1, with the addition of the dust measurement gystem
of Fig. 4 being installed below the AOR valve. The dust
level in each vessel was measured using the above method,
and was determined to be 4.9 mg/10kg in the first veggel and
7.5 mg/10kg in the second vessel {i.e., out of
specification}.

[0049] The system 11 of Fig. 2 was used to remove dust
D from the vessels, and the measurement system of Fig. 4 was
again installed below the AOR valve. The vacuum pulling
step was performed at a pressure between 1.8 and 2.3 cm of
water below atmospheric pressure, which allowed the granular
polysilicon to flow at a relatively efficient rate of about
10 kg/minute. The dust in the first vessel was reduced to
0.8 mg/10kyg, and the dust in the second vessel was reduced
to 1.0 mg/l0kg. The operations of pouring the granular
polysilicon from the source vegsel into the process vessel
and back again took about two hours.

[0050] 1In another example shown in Fig. 7, twelve 300
kilogram source vessels received at the crystal growing
facility were "de-dusted’ using the "inverted container!

system of Fig. 2. As shown in Fig. 7, all of the vessels
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had dust greater than the 3mg/10kg specification, as
measured upon delivery to the facility according the method
described above. After one de-dusting cycle, the dust in
each of the vessels was less than the specification. In
another example shown in Fig. 8, several 300 kilogram scurxce
vegsels received at the crystal growing facility were "de-
dusted" using the "inverted container" system of Fig. 2. ASs
shown in Fig. 8, about 27% of the vessels had dust greater
than the 3mg/10kg specification upon delivery to the
facility, as measured according the method described above.
After one de-dusting cycle, the dust in each of the vessels
was less than the specification.

[0051] To avoid contamination of the granular
polysilicon GP handled by the systems 11 and 51, all gsystem
componients in contact with granular polysilicon at a high
velocity are formed or coated with materials selected to
maintain the non-contaminating performance of the system.
Such materialsg include, but are not limited to, gquartz
coatings, silicon coatings, solid eilicon and solid silicon
carbide. Typically, the coatings are applied to a stainless
steel substrate. Other materials suitable for non-
contaminating performance are also contemplated as within
the scope of the present invention. For low velocity
portions of the apparatus, TEFLON® or TEFZEL® coatings
(available from E. I. du Pont de Nemours and Company of
Wilmington, Delaware, U.S.A.) provide acceptable non-
contaminating performance. Also, upon delivery at the
crystal growing facility, the source vessel contains non-
contaminating argon to maintain the purity of the granular
polysilicon, but the argon is typically not necessarily helad
therein in a humidity-controlled environment, such as a
crystal growing facility.

[0052] When introducing elements of the present

invention or the preferred embodiment (s} thereof, the
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articles "a", "an", "the" and "said" are intended to mean
that there are one or more of the elements. The terms
"comprising®, "including" and *having" are intended to be
inclusive and mean that there may be additional elements
other than the listed elements.

[0053] As various changes could be made in the above
constructions, products, and methods without departing from
the scope of the invention, it is intended that all matter
contained in the above description and shown in the
accompanying drawings shall be interpreted as illustrative

and not in a limiting sense.
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WHAT I8 CLAIMED I8:

1. A system for removing dust from granular

polysilicon comprising:

a vacuum scurce for pulling dust away from the
granular pelysilicon;

a process vessel adapted to receive the
granular polysilicon

the process vessel including:

opposite first and second ends,

a polysilicon passage in the first end for
allowing passage of the granular pelysilicon and

vacuum port for connection to the vacuum
source;

vacuunm port disposed adjacent the second end of
the process vessel so that the granular polysilicon does
ﬁot bilock the port when the process vessel 1s rotated
from the uprigh£ position for pouring of the granular
polysilicon from the pzocessrvaasel; and

a container for receiving the granular

polysilicon from the process vessel.

Z. The system as set forth in claim 1 wherein the
vacuum port is disposed in a side wall of the process

vessel.

3. The system as set forth in claim 1 in
combination with the granular polysilicon, wherein there
is less than 3 mg of dust per 10 kg of the granular

polysilicon received in the container.
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4, The system as set forth in claim 1 further

comprising a valve connected to the polysilicon passage

for seleétively stopping flow of the granular polysilicon

through the polysilicon passage.

5. The system as set forth in claim 4 wherein the

valve is an angle of repose valve.

{57) Absiract: The invention is directed to methods of
manufacturing granular polysilicon, and to a supply of
granular polysilicon.  The inventon is also directed to
apparatus and methods for measuring and for reducing dust
in granular polysilicon. In one aspect, a sysiem includes a
process vessel having a vacuum port for pulling dust from the
polysilicon. Another systemn of the invention includes & balfle
tube for receiving a polysilicon flow. A measuring system
includes a manifold and [lter for separating and measuring
the dust from a flow of polysilicon.

FIG. 1

FIG. 2
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