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opposite direction to that of the longitudinal stream of granu 
lar polysilicon to contact the radially outward flow to separate 
the dust from the granular polysilicon. 
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SYSTEMIS AND METHODS FOR REDUCING 
DUST IN GRANULAR MATERAL 

FIELD 

0001. The field relates to dust in granular material, and 
more particularly to systems and methods for reducing dustin 
granular polysilicon used to produce semiconductor and Solar 
wafers. 

BACKGROUND 

0002 Granular polysilicon, such as chemical vapor depo 
sition 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. When the granular polysilicon is transferred from 
the container to a feeder system of a crystal grower, the dust 
is also transferred to the feeder system. From the feeder 
system, the dust can settle and collect on the Surface of the 
crystal grower hot Zone, especially on colder Surfaces in 
advanced "closed” crystal growers. The dust may then con 
tact the crystal or the silicon melt near the crystal/melt inter 
face. Such contact significantly increases the risk of undesir 
able defects, such as “Loss of Zero Dislocation’ (LZD) in 
high quality semiconductor crystal. Such crystal and the 
advanced grower used to grow the crystal are found to be 
“dust sensitive.” 
0004 While relatively small batches of prior art granular 
polysilicon have included acceptably low amounts of dust, 
there has been no reliable system for obtaining such low-dust 
polysilicon in large quantities and using modern continuous 
manufacturing methods. Accordingly, improved methods of 
and apparatus for reducing the dust in the granular polysilicon 
are needed. 
0005. This Background section is intended to introduce 
the reader to various aspects of art that may be related to 
various aspects of the present disclosure, which are described 
and/or claimed below. This discussion is believed to be help 
ful in providing the reader with background information to 
facilitate a better understanding of the various aspects of the 
present disclosure. Accordingly, it should be understood that 
these statements are to be read in this light, and not as admis 
sions of prior art. 

SUMMARY 

0006. A first aspect is a method of removing dust from 
granular polysilicon. The method includes introducing a 
stream of granular polysilicon into a canister from an inlet 
positioned opposite a disperser, dispersing the stream of 
granular polysilicon by redirecting the stream into a radially 
outward flow by the disperser, and introducing a counter flow 
of gas in an opposite direction to that of the stream of granular 
polysilicon to contact the radially outward flow to separate 
the dust from the granular polysilicon. 
0007 Another aspect is a system for removing dust from 
granular polysilicon. The system includes a canister, an inlet, 
and a disperser. The canister has a wall defining an interior of 
the canister and an interior cross-sectional area. The inlet is 
connected with the canister for the introduction of granular 
polysilicon into the canister. The inlet has an inlet cross 
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sectional area that is substantially smaller than the interior 
cross-sectional area of the canister. The disperser is located 
within the canister, at a position opposite the inlet, to disperse 
granular polysilicon introduced through the inlet radially out 
ward toward the wall of the canister. 
0008 Various refinements exist of the features noted in 
relation to the above-mentioned aspects. Further features may 
also be incorporated in the above-mentioned aspects as well. 
These refinements and additional features may exist individu 
ally or in any combination. For instance, various features 
discussed below in relation to any of the illustrated embodi 
ments may be incorporated into any of the above-described 
aspects, alone or in any combination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a side elevation of a de-dusting system in 
accordance with one embodiment; 
0010 FIG. 2 is a cross-sectional side view of the de-dust 
ing system in accordance with FIG. 1; 
0011 FIG. 3 is a front elevation view of a nozzle set of the 
de-dusting system in accordance with FIGS. 1-2; and 
0012 FIG. 4 is a front elevation view of a disperser of the 
de-dusting system in accordance with FIGS. 1-2; 
0013 FIG. 5 is a graph plotting measured dust levels after 
de-dusting; and 
0014 FIG. 6 is a graph plotting the efficiency of de-dust 
CS. 

0015 Corresponding reference characters indicate corre 
sponding parts throughout the several views of the drawings. 

DETAILED DESCRIPTION 

0016 Referring to FIGS. 1 and 2, a de-dusting system for 
use in the removal of dust from granular polysilicon is gen 
erally indicated at 100. The system generally includes a 
Source vessel S for containing the granular polysilicon GP, a 
vacuum source V for pulling dust D away from polysilicon 
PS, and a collection vessel C for the removal and transporta 
tion of the polysilicon. The source vessel contains a bulk 
Supply of granular polysilicon (broadly, granular material). 
The vacuum source includes a pump (not shown) for drawing 
the vacuum. The vacuum source may also include a filter (not 
shown) to inhibit the dust from entering the pump or entering 
the atmosphere around the system. 
0017. The de-dusting system 100 includes a vessel 110, a 
cowl 150, a disperser 170, and a nozzle array 180. The vessel 
110 has a canister 112 with at least one wall 114, a base 116, 
and a cover 118. Together, the wall 114, base 116, and cover 
118 define an interior chamber 120. 
0018. The base 116 is concave in shape with a collection 
port 122 at the lowest point. The concave base 116 allows the 
de-dusted granular polysilicon or polysilicon PS to fall onto 
the base and to be collected and removed from the de-dusting 
system 100 through the collection port 122. The collection 
port 122 is connected with the collection vessel C. 
0019. The cowl 150 is located above the vessel 110 and 
extends downward through the cover 118. The cowl 150 
includes an inlet tube 152 for delivering granular polysilicon 
GP to the interior chamber 120 of the canister 112 and a dust 
outlet 160 connected with the vacuum sourceV for removal of 
the dust D from within the interior chamber. 

(0020. The inlet tube 152 extends downward through both 
the dust outlet 160 and the cover 118 and terminates in a hood 
154 located within the internal chamber 120. The hood 156 
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has a first or inlet opening 156 connected with the inlet tube 
152 and a canister opening 158 that opens into the internal 
chamber 120. The canister opening 158 is substantially larger 
than the inlet opening 156 to prevent granular polysilicon GP 
from the inlet tube 152 from being removed from the interior 
chamber 120 through the dust outlet 160. 
0021. The dust outlet 160 mates with the cover 118 and 
extends upward around the inlet tube 152 such that the inlet 
tube is at least partially nested within the dust outlet 160. The 
dust outlet 160 is connected with the vacuum source V to pull 
the dust from the interior chamber 120 around the circumfer 
ence of the inlet tube 152. 

0022. The dust outlet 160 has a canister end 162 joined to 
the upper section of the cover 118 and extends at an upward 
angle to a vacuum end 164 that connects with the vacuum 
source V. The dust outlet 160 is disposed adjacent the hood 
154 and above the canister opening 158 so that the outlet is 
spaced from the canister opening and the hood is interposed 
between the dust outlet and the stream of granular polysilicon 
GP. In this way, the entering stream of granular polysilicon 
GP is shielded from the vacuum to thereby inhibit the stream 
of granular polysilicon from being pulled into the dust outlet 
160. 

0023 The vacuum source V creates a counter flow of gas 
that is opposite in direction to that of the entering granular 
polysilicon GP so that only the gas borne dust is pulled by the 
vacuum. The main function of the hood is to shield the granu 
lar polysilicon GP from the vacuum. In some embodiments, 
the hood may be a tube having a larger diameter than the 
diameter of the inlet tube, rather than having the dome shaped 
hood shown in FIG. 2. 

0024. A cross-sectional area between the at least one wall 
114 of the canister 112 and the canister opening 158 of the 
hood 154 defines an exit area that is substantially larger than 
the cross-sectional area of the canister opening of the hood. 
The dust outlet 160 has a cross-sectional duct area that is 
Substantially smaller than the exit area. The larger exit area 
provides a decreased flow rate within the canister 112 that 
increases as the flow is restricted upon entering the dust outlet 
160 to aid in the removal of dust D. 
0025. In one embodiment, the exact vacuum pressure will 
vary with factors such as the size of the dust outlet. A suitable 
method offinding the appropriate vacuum pressure is to begin 
the process at a vacuum pressure that does not allow the 
granular polysilicon to flow through the canister and then 
reduce the vacuum pressure until the polysilicon flows 
through the canister at a satisfactory rate that allows for both 
efficient processing and significant reduction of dust in the 
polysilicon. In another embodiment, the vacuum pressure is 
adjusted by either a throttle valve or air regulator while the 
operator visually monitors the interior chamber 120. The 
vacuum pressure may vary for different systems. In some 
embodiments, the vacuum pressure is between approxi 
mately 2.25 kPa and approximately 4.0 kPa, though other 
vacuum pressures may be used. 
0026. The disperser 170 is located in spaced relation, 
directly underneath the center of the inlet tube 152 to disperse 
the granular polysilicon GP introduced through the inlet tube 
152 radially outward toward the wall 114 of the canister 112. 
The shape and location of the disperser 170 provides redirec 
tion of the flow of the granular polysilicon GP entering the 
interior chamber 120 through the inlet tube 152 into multiple 
directions to thereby encourage dust D entrained in the poly 
silicon PS or attached to the granules to separate from the 
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polysilicon PS and become gas borne. The gas borne dust Dis 
pulled upward out of the interior chamber 120 by the vacuum 
Source V. In some embodiments, more than one disperser may 
be used. 
0027. The disperser 170 is conical in shape to disperse the 
flow of the granular polysilicon from the inlet tube 152 in a 
radially outward direction and towards the wall 114 of the 
canister 112. The redirected flow of granular silicon creates a 
circular pattern as the redirected flow extends radially out 
ward. In some embodiments, the disperser may have other 
shapes capable of redirecting the entering granular polysili 
con into multiple directions. In these embodiments, the redi 
rected flow may form patterns that are not circular. 
(0028. With additional reference to FIG.3, the nozzle array 
180 includes a first gas inlet 182 and five cone gas nozzles 184 
for providing a counter flow of gas that is opposite the direc 
tion of the entering granular polysilicon GP. The first gas inlet 
182 is connected with a first gas source 186. The first gas is 
Suitably nitrogen or another inert gas. The rate of the counter 
flow of gas is significant enough to separate the dust D from 
the granular polysilicon GP, but not enough to prevent the 
polysilicon PS from falling to the base 116. The first gas inlet 
182 is located adjacent the disperser 170 and directed toward 
the inlet tube 152. In some embodiments more or less gas 
nozzles may be used. In some embodiments, the gas nozzles 
may be arranged in any of a variety of patterns that comple 
ment the shape of the disperser. 
(0029. With additional reference to FIG.4, the nozzle array 
180 includes a second gas inlet 192 and multiple gas ports 194 
spaced about the underside of the disperser 170 for providing 
a gas curtain/crossflow in a direction perpendicular to the 
counterflow of gas from the first gas inlet 182. The second gas 
inlet 192 is connected with a second gas source 196 of nitro 
gen or another inert gas. The crossflow of gas increases the 
turbulence with the canister 112. In some embodiments, the 
first gas source and the second gas source are the same source. 
0030 The second gas inlet 192 may be directed toward the 
at least one wall 114 of the canister 112 from a location within 
the canister. In some embodiments, the second gas inlet 192 
may be directed toward the disperser 170 for creating a cross 
flow that is in an opposite direction to that of the redirected 
flow. 

Method 

0031. In a method of removing dust from granular poly 
silicon GP in a source vessel S, the granular polysilicon is 
transferred from the source vessel, through an inlet tube 152, 
into a canister 112 having a disperser 170 positioned at a 
location opposite that of the inlet tube. The granular polysili 
con GP is introduced into an interior chamber 120 of the 
canister 112 as a flowing stream having a longitudinal direc 
tion. The granular polysilicon GP is dispersed about the inte 
rior chamber 120 by the disperser 170. 
0032. The disperser 170 redirects the longitudinal stream 
into a radially outward flow directed towards a wall 114 of the 
canister 112. The radially outward flow has a circular pattern. 
0033. A counter flow of gas is introduced into the interior 
chamber 112 from a first gas inlet 182 of a nozzle array 180 
located below the disperser 170. The counter flow of gas is in 
an opposite direction to that of the longitudinal stream of 
granular polysilicon GP entering the canister 112. 
0034. A vacuum source V is connected with a dust outlet 
160 to aid in the counter flow of gas. In some embodiments, 
the counter flow of gas is formed by either the vacuum source 
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or the nozzle array. The dust outlet 160 is spaced above the 
inlet tube 152. The inlet tube 152 terminates in a hood 154 to 
prevent a reverse flow of the granular polysilicon GP from the 
inlet tube 152 from being removed through the dust outlet 160 
as the granular polysilicon is introduced into the interior 
chamber 120. 
0035. The counter flow of gas separates the dust D from 
the polysilicon PS as the gas flows through the radially out 
ward flow of granular polysilicon GP. The vacuum source V 
creates a vacuum to aid in the removal of the dust D from the 
interior chamber 120 by pulling the separated dust through 
the dust outlet 160. 

0036. The turbulence within the interior chamber 120 is 
increased by the introduction of a cross-flow of gas from a 
second gas inlet 192 located below the disperser 170 and 
directed radially outward about the disperser 170. The cross 
flow of gas creates a curtain to prevent dust D from exiting the 
internal chamber 120 through a collection port 122 located in 
a base 116 of the canister 112, under the disperser 170. 
0037. The counter flow of gas has a flow rate that is 
selected to separate the dust D from the granular polysilicon 
GP while allowing the de-dusted polysilicon PS to pass there 
through. After the polysilicon PS passes through the counter 
flow of gas, the polysilicon falls to a base 116 of the canister 
112. The base 116 has a concave shape and is connected with 
the collection port 122. The polysilicon PS then travels along 
the base 116 and is removed from the canister 112 through the 
collection port 122. As the polysilicon PS is removed, the size 
of the polysilicon particles being removed is measured and 
the counter flow of gas is adjusted to regulate the size of the 
polysilicon passing through the canister 112. The polysilicon 
PS is then packaged in a collection vessel C after being 
de-dusted. 
0038. To avoid contamination of the granular polysilicon 
handled by the system, all system components in contact with 
granular polysiliconata high Velocity are made of formed, or 
coated with materials selected to maintain the non-contami 
nating performance of the system. Such materials include, but 
are not limited to, quartz coatings, silicon coatings, Solid 
silicon 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. 
0039 For low velocity portions of the apparatus, 
TEFLON or TEFZEL(R) coatings (available from E. I. du 
Pont de Nemours and Company of Wilmington, Del. U.S.A.) 
provide acceptable non-contaminating performance. The 
wall 114 of the canister 112 may be coated with TEFZEL(R). 
Use of the above embodiments enables significant reduction 
in the time spent de-dusting, e.g., reducing the time required 
to de-dust the granular polysilicon by at least 25%, at least 
50% or even as much as 75%. Additionally, use of the system 
described herein provides a high degree of dust removal effi 
ciency. This reduction in dust particles and improved effi 
ciency not only increases the overall production of the crystal 
forming system, but also lowers overall operational costs. 
0040. In a method of measuring the relative amount of dust 
in a flow of granular polysilicon, the cleanliness of the mixing 
container is verified by shaking 50 ml of water in the mixing 
container and then transferring the water into a sample tube 
and measure the turbidity. Turbidity is a measurement of how 
much light is scattered by a sample. As a result, the sample 
tube is kept clean and free of scratches. The sample tube is 
dried before placing the sample in the well to avoid damaging 
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the electronics. After the sample is placed into the sample 
tube, a well cap is put over the sample tube to block light from 
the room from interfering with the instrument. 
0041) If the turbidity value is greater than 2 NTU, calibra 
tion is verified with the standard and/or reclean the mixing 
container. Once the turbidity value is verified to be less than 2 
NTU, add 2.0 grams of a sample of granular polysilicon and 
50 milliliters of clean water to the mixing container. The 
sample is shaken vigorously for 10 seconds. The visual 
appearance of the sample solution is checked. If the sample 
Solution is darker than the 10-mg dust standard, the sample is 
too concentrated and will not read properly, in which case a 
sample solution having a lower weight of polysilicon is pre 
pared. 
0042 Some of the water is poured into a clean measure 
ment tube. A dry measurement tube is placed in the sample 
well and the turbidity is recorded after 10 seconds. The NTU 
is used to calibrate the dust calibration curve to determine the 
level of dust in the sample. If the NTU is less than 40 or 
greater than 250, a different sample weight is selected to be in 
the linear portion of the calibration curve. Efficiency of dust 
removal can be determined by measuring the dust level on 
samples before and then after the de-dusting process. 
0043. The prior art has failed to recognize the extent to 
which the dustaffects the yield of high quality semiconductor 
crystal, and the extent to which the dust affects advanced 
crystal growers. When the granular polysilicon is transferred 
from the container to a feeder system of a crystal grower, the 
dust is also transferred to the feeder system. From the feeder 
system, the dust can settle and collect on the Surface of the 
crystal grower hot Zone, especially on colder Surfaces in 
advanced "closed” crystal growers. The dust may then con 
tact the crystal or the silicon melt near the crystal/melt inter 
face. Such contact significantly increases the risk of undesir 
able defects, such as “Loss of Zero Dislocation’ (LZD) in 
high quality semiconductor crystal. Such crystal and the 
advanced grower used to grow the crystal are found to be 
“dust sensitive.” 
0044) The dust removal methods could be performed dur 
ing manufacturing to ensure that Substantially all of the 
source vessel delivered to the crystal pulling facility is below 
the dust specification. The dust removal methods have proven 
to be more effective than “gas classification.” which is typi 
cally used in granular polysilicon manufacturing. Applicants 
found that gas classification does not filter out a sufficient 
amount of the dust. 

Example 
0045. In an example, granular polysilicon was de-dusted 
several times using both an old de-duster system and the 
above embodiment of the de-dusting system. The dust level of 
polysilicon after one de-dusting cycle of the above embodi 
ment of the de-dusting system is similar to de-dusted poly 
silicon that had passed through the old de-dusting system 
after three cycles. This result is proven by the dust levels 
shown in FIG. 5. FIG. 6 shows that the de-dusting efficiency 
is significantly higher in the above embodiment of the de 
dusting system than in the old de-dusting system. 
0046 When introducing elements of the present disclo 
sure or the embodiments thereof, the articles “a”, “an', “the 
and “said are intended to mean that there are one or more of 
the elements. The terms “comprising”, “including and “hav 
ing are intended to be inclusive and mean that there may be 
additional elements other than the listed elements. The use of 
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terms indicating a particular orientation (e.g., “top”, “bot 
tom”, “side', etc.) is for convenience of description and does 
not require any particular orientation of the item described. 
0047. As various changes could be made in the above 
constructions 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. 
What is claimed is: 
1. A method of removing dust from granular polysilicon, 

the method comprising: 
introducing a stream of granular polysilicon into a canister 

from an inlet positioned opposite a disperser, 
dispersing the stream of granular polysilicon by redirecting 

the stream into a radially outward flow by the disperser; 
introducing a counterflow of gas in an opposite direction to 

that of the stream of granular polysilicon to contact the 
radially outward flow to separate the dust from the 
granular polysilicon. 

2. The method of claim 1, further comprising the step of 
pulling a vacuum through an dust outlet located above the 
inlet to pull the dust from the polysilicon material. 

3. The method of claim 1, wherein the inlet is connected 
with a domed hood located within the canister to prevent 
reversed flow of the stream of granular polysilicon from the 
inlet into the dust outlet. 

4. The method of claim 1, wherein the inlet is connected 
with a domed hood located within the canister, the domed 
hood has a first opening with a first cross-sectional area adja 
cent the inlet that is Substantially larger than a second opening 
adjacent the interior of the canister. 

5. The method of claim 4, wherein the canister has an 
interior cross-sectional area that is Substantially larger than 
the second cross-sectional area. 

6. The method of claim 1, wherein the disperser is conically 
shaped to redirect the stream of granular polysilicon radially 
outward in a circular pattern. 

7. The method of claim 1, wherein the counter flow of gas 
is introduced from a position below the disperser. 

8. The method of claim 1, further comprising the step of 
introducing a cross-flow of gas to increase turbulence of the 
radially outward flow. 

9. The method of claim 1, further comprising the step of 
removing the granular polysilicon from the canister after 
removal of the dust through a collection port. 
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10. The method of claim 1, further comprising the step of 
packaging the granular polysilicon after the dust has been 
removed. 

11. The method of claim 1, further comprising the step of 
adjusting the counter flow of gas to regulate the size of granu 
lar polysilicon passing through the canister. 

12. A system for removing dust from granular polysilicon, 
the system comprising: 

a canister having at least one wall defining an interior of the 
canister and an interior cross-sectional area; 

an inlet connected with the canister for the introduction of 
granular polysilicon into the canister, the inlet having an 
inlet cross-sectional area, the interior cross-sectional 
area of the canister being Substantially larger than the 
inlet cross-sectional area of the inlet; 

a disperser located within the canister at a position opposite 
the inlet to disperse granular polysilicon introduced 
through the inlet radially outward toward the at least one 
wall of the canister. 

13. The system of claim 12, wherein the system includes a 
vacuum source for pulling dust away from granular polysili 
con using a counterflow of gas opposite granular polysilicon 
introduced through the inlet. 

14. The system of claim 12, wherein the canister includes 
an gas inlet for a counter flow of gas, the gas inlet is located 
adjacent the disperser and directed toward the inlet. 

15. The system of claim 12, wherein the inlet for the intro 
duction of granular polysilicon connects with the interior of 
the canister through a hood, the hood has an inlet opening and 
a canister opening, a cross-sectional area of the inlet opening 
being Substantially larger than a cross-sectional area of the 
canister opening. 

16. The system of claim 15, wherein a cross-sectional area 
between the at least one wall of the canister and the canister 
opening of the hood is Substantially larger than the cross 
sectional area of the canister opening of the hood. 

17. The system of claim 12, wherein a second gas inlet is 
connected with the canister to provide a cross flow of gas to 
increase turbulence within the canister. 

18. The system of claim 17, wherein the second gas inlet is 
directed toward the at least one wall of the canister from 
within the canister. 


