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(57) ABSTRACT 

AWafer boat including a base plate, a top plate, a plurality 
of support rods, and a plurality of Wafer supports. The 
support rods are disposed about a perimeter of the base plate 
and extend betWeen the base plate and the top plate, each 
support rod including a plurality slots that de?ne a plurality 
of teeth. The Wafer supports are received in a corresponding 
slot of each of the plurality of support rods and have a 
continuous open shape that includes a pair of leg sections 
that form an interference ?t With at least tWo of the support 
rods. The base plate, the top plate, the support rods, and/or 
the Wafer supports may be prepared by molding ceramic 
poWder such as silicon carbide, sintering to vaporize any 
active impurity components, Washing to dissolve any 
remaining active impurity components With an acid solution, 
and oxidizing to remove any residual active impurity com 
ponents. 
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WAFER BOAT WITH INTERFERENCE FIT 
WAFER SUPPORTS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to semiconductor 
manufacturing. More speci?cally, the present invention 
relates to semiconductor Wafer carriers or boats having a 
plurality of Wafer supports that form an interference ?t With 
a body of the Wafer carrier or boat. 

[0003] 2. Discussion of the Related Art 

[0004] Although other materials may be used, e.g., Sili 
con-Germanium (SiGe) or Gallium Arsenide (GaAs), Sili 
con (Si) is presently the most important semiconductor for 
the electronics industry. Very Large Scale Integrated (VLSI) 
circuit technology (i.e., up to about 100,000 devices per 
chip), and Ultra Large Scale Integrated (ULSI) circuit tech 
nology (i.e., more than 100,000 and in some cases exceeding 
one billion devices per chip) are based almost entirely on 
silicon. 

[0005] The fabrication of VLSI and ULSI circuits gener 
ally takes place on silicon substrates that possess very high 
crystalline perfection or purity. That is, in crystalline solids, 
the atoms Which make up the solid are spatially arranged in 
a periodic fashion. If the periodic arrangement exists 
throughout the entire solid, the substance is de?ned as being 
formed of a single crystal. The periodic arrangement of the 
atoms in the crystal is called the lattice. Very high crystalline 
perfection requires that the silicon substrate possess a mini 
mum of impurities and structural defects throughout its 
single crystal silicon lattice. 

[0006] Generally, raW material, e.g., quartzite, is re?ned 
into electronic grade polysilicon (EGS) and melted. A sili 
con seed crystal is than used to groW a single crystal silicon 
ingot from the molten EGS. The ingot is then precisely 
sliced and polished into silicon Wafers. The silicon Wafers 
provide the substrates upon Which VLSI and ULSI circuits 
are ultimately built through a complex sequence of Wafer 
fabrication processes. 

[0007] The increasing siZe of silicon Wafers is one of the 
most obvious trends in silicon material technology. Pres 
ently, 300 mm diameter Wafers are expected to ultimately 
replace most 150 mm and 200 mm Wafer applications, and 
it is predicted that 400 mm Wafers Will be introduced in the 
near future. The use of larger diameter Wafers presents 
several major challenges to semiconductor manufactures. 
For example, facilities With equipment capable of handling 
the larger Wafers, e.g., vertical furnaces, must be built. NeW 
patterning techniques must be developed to print smaller 
feature siZes over larger areas. The larger Wafers must also 
be thicker to increase their resistance to Warping and other 
structural deformations. Moreover, the larger Wafers are also 
heavier, requiring the use of automated Wafer transport 
systems. 

[0008] As the silicon Wafers become bigger and heavier, 
the problem of preventing impurities and structural defects 
to the lattice, i.e., of maintaining very high crystalline 
perfection, becomes even more critical. TWo such structural 
defects, Which become especially problematic in 300 mm 
silicon Wafers and larger, are “back side damage” and “slip” 
in the lattice structure. 
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[0009] Back side damage generally occurs When a Wafer 
moves across a surface of a Wafer support device, causing 
scratches in the back side of the Wafer. 

[0010] Slip in silicon Wafers is a function of the stress 
applied to the Wafer. This stress can be mechanical (e.g., 
frictionally induced) and/or thermal. As the Wafers are 
stressed, the crystal lattice undergoes elastic deformation 
that disappears as the solid crystal returns to its original 
position upon release of the stress. HoWever, severe stress 
leads to slip, Which is the plastic or permanent deformation 
in the crystal lattice, Which remains When the stress is 
released. Slip occurs When the elastic limit (or yield 
strength) of the silicon is exceeded and the lattice becomes 
permanently misaligned. 
[0011] Slip is common during high temperature process 
ing of silicon Wafers in heat treatment furnaces (furnacing 
operations), as thermal stress is proportional to the process 
ing temperature. The transition temperature from brittle to 
ductile behavior of the Wafer is generally Within the range of 
about 720 to 1000 degrees Celsius. Therefore slip, Whether 
induced by thermal or mechanical stress, becomes especially 
problematic at process temperatures above 720 degrees 
Celsius. 

[0012] Wafer carriers or boats are Wafer support devices, 
Which are subjected to furnacing operations during semi 
conductor Wafer processing. HoriZontal Wafer boats are 
typically designed to support a horiZontal roW of Wafers, 
Which are inserted into a horizontal furnace tube for high 
temperature processing. Vertical Wafer boats are typically 
designed to support a vertical stack of Wafers, Which are 
inserted into a vertical furnace tube. Generally, for large 
diameter silicon Wafers, e.g., 300 mm, vertical Wafer boats 
are more commonly used. This is because vertical furnaces 
have a smaller foot print than horiZontal furnaces and 
therefore take up less of the expensive manufacturing space. 
Additionally, vertical furnaces generally demonstrate better 
temperature control than horiZontal furnaces. 

[0013] Wafer boats are generally composed of ceramic 
materials. Ceramic materials, Which are joined by ionic or 
covalent bonds, are typically composed of complex com 
pounds containing both metallic and non-metallic elements. 
Ceramics typically are hard, brittle, high melting point 
materials With loW electrical and thermal conductivity, good 
chemical and thermal stability, and high compressive 
strengths. Examples of ceramic materials are quartZ, silicon 
carbide (SiC) and recrystalliZed silicon carbide. One such 
recrystalliZed silicon carbide is available from Saint-Gobain 
Ceramics & Plastics, Inc., of Worcester, Mass., under the 
trade name CRYSTAR®. This material is a silicon carbide 
ceramic that has been impregnated With high purity silicon, 
and is also called siliconiZed silicon carbide. Conventional 
Wafer boats formed from siliconiZed silicon carbide typi 
cally have a base or core of about 75% to 90% dense silicon 
carbide coated With silicon With a density of at least 99%. 

[0014] Referring to FIG. 1, a typical prior art vertical 
Wafer boat 10 generally includes three or four support rods 
12 extending vertically upWards from a generally circular 
horiZontal base 14, and spaced radially along the periphery 
of the base. The rods 12 have a plurality of cantilevered 
Wafer support arms (or teeth) 16 supported only at one end, 
Which extend inWardly toWard the center of the base 14 to 
de?ne a series of slots therebetWeen. The slots are siZed to 
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receive the silicon Wafers, Which are supported by the arms 
16 during furnacing operations. 

[0015] Problematically for larger Wafers, the prior art 
Wafer support arms 16 provide most of their support at the 
outer periphery of the Wafer. Accordingly, most of the 
Weight of the Wafer is unsupported and distributed toWard its 
center. Therefore, during high temperature thermal process 
ing, the center of the Wafers tends to sag, promoting slip in 
the crystal lattice of the Wafer. 

[0016] Because of the geometry of the circular Wafers, 
substantially half of the Weight of the Wafer, i.e., the inner 
Wafer Weight, is distributed Within a circular area that is 70 
percent the radius (R) of the Wafer. Conversely, half of the 
Weight of the Wafer, i.e., the outer Wafer Weight, is distrib 
uted over a doughnut shaped area that has an inner radius of 
0.7 R and an outer radius of 1.0 R. As a result, supporting 
the Wafers at or about the 0.7 R circular boundary region of 
a Wafer, e.g., from 0.6 R to 0.8 R, balances the inner and 
outer Wafer Weights and greatly reduces the potential for 
sagging during high temperature thermal processing. 

[0017] Current prior art boat designs require deep slots, 
thereby making the arms 16 of the support rods 12 long 
enough to eXtend to the 0.7 R point. HoWever, manufactur 
ing this geometry is cumbersome due to the precise machin 
ing required and the inherently loW yield rates. Also the 
added length of the cantilevered arms imposes a large 
moment force at the single support point Where the arm 
attaches to the rod body, unduly increasing the probability of 
failure or breakage. Moreover, because the arms provide 
support at only three or four small discrete areas on the 
Wafers, the possibility of back side damage is enhanced for 
the heavier Wafers. 

[0018] One prior art attempt to solve this problem Was to 
provide a plurality of discrete circular ceramic rings having 
an inner radius smaller than 0.7 R and an outer radius greater 
than 0.7 R. The rings Would be slid into each slot and the 
Wafers Would then rest upon each ceramic ring. 

[0019] HoWever, each ring typically costs in the range of 
one thousand to tWo thousand dollars to manufacture, 
greatly adding to the cost of the boat. Additionally, the rings 
essentially enclose the support area Where the Wafers rest. 
This makes it dif?cult for conventional transfer equipment to 
get betWeen the rings and Wafers in order to remove the 
Wafers from the slots. Additionally, the enclosed design 
impedes the free How of gasses that are often important to 
the processing of the Wafers. Also, since the rings typically 
add up to 100 additional discrete moving parts to the boats 
(one for each slot), the potential for generating particles or 
other impurities is greatly enhanced. That is, the ceramic 
rings can rub against the Wafer support arms during pro 
cessing or handling, and frictionally rub off microscopic 
particles Which can damage the semiconductor circuitry of 
the Wafers. 

SUMMARY OF INVENTION 

[0020] According to one aspect of the present invention, a 
Wafer boat is provided. The Wafer boat comprises a base 
plate, a top plate, a plurality of support rods, and a plurality 
of Wafer supports. The plurality of support rods are disposed 
about a perimeter of the base plate and eXtend betWeen the 
base plate and the top plate. Each support rod of the plurality 
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of support rods has a ?rst distal end that is attached to the 
base plate and a second distal end that is attached to the top 
plate, each support rod including a plurality slots formed 
therein that de?ne a plurality of teeth. The plurality of Wafer 
supports are adapted to be received in a corresponding slot 
of each of the plurality of support rods. Each of the plurality 
of Wafer supports has a continuous open shape and includes 
a pair of leg sections that form an interference ?t With at least 
tWo of the plurality of support rods. According to one 
embodiment, the plurality of Wafer supports may be remov 
able, such that one or more of the Wafer supports may be 
inserted and/or removed on site (e.g., at the location Where 
the Wafer boat is being used). 

[0021] According to another aspect of the present inven 
tion, a Wafer boat body adapted to receive a plurality of 
Wafer supports is provided. The Wafer boat body comprises 
a base plate, a top plate, and a plurality of support rods 
disposed about a perimeter of the base plate and extending 
betWeen the base plate and the top plate. Each support rod 
of the plurality of support rods has a ?rst distal end that is 
attached to the base plate and a second distal end that is 
attached to the top plate, each support rod including a 
plurality slots formed therein that de?ne a plurality of teeth. 
A top surface of each of the plurality of teeth of each of the 
plurality of support rods is adapted to support a respective 
Wafer support of the plurality of Wafer supports, and corre 
sponding slots in at least tWo of the plurality supports rods 
form an interference ?t With portions of the respective Wafer 
support. 

[0022] According to yet another aspect of the present 
invention, a Wafer support for use in a Wafer boat body is 
provided to support a Wafer having a predetermined radius 
R. The Wafer boat body has a plurality of vertical support 
rods, each of the plurality of vertical support rods including 
a plurality of slots formed therein that de?ne a plurality of 
teeth. The Wafer support comprises a continuous ?at mem 
ber having an open shape and including a plurality of 
interconnected arcuately curved sections. TWo of the arcu 
ately curved sections de?ne an arc of approximately ninety 
degrees and are adapted to support the Wafer at approxi 
mately a 0.7R boundary region of the Wafer. Each of the tWo 
arcuately curved sections is connected to a respective leg 
section that terminates in a free distal end. Each of the free 
distal ends of the continuous ?at member is shaped to form 
an interference ?t With a slot of a respective one of the 
plurality of vertical support rods. 

[0023] According to a further aspect of the present inven 
tion, a method of con?guring a Wafer boat for use in 
semiconductor processing operations is provided. The Wafer 
boat includes a plurality of vertical support rods disposed 
about a perimeter of the Wafer boat, each of the plurality of 
vertical support rods having a plurality of slots formed 
therein that de?ne a plurality of teeth. The method comprises 
acts of (a) receiving a Wafer support formed from a con 
tinuous ?at member having an open shape and including a 
plurality of inter-connected arcuately curved sections, tWo 
of the arcuately curved sections de?ning an arc of approxi 
mately ninety degrees and being connected to a respective 
leg section; (b) ?eXing the respective leg sections toWard 
one another; (c) inserting the Wafer support into correspond 
ing slots in each of the plurality of vertical support rods 
during the act (b); and (d) releasing the respective leg 
sections so that a portion of each respective leg section 
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forms an interference ?t With a respective one of the 
plurality of vertical support rods. 

[0024] In accordance With one or more embodiments, the 
present invention provides a method of fabricating a ceramic 
article. The method can comprise forming a molded com 
ponent comprising a ceramic poWder comprising silicon 
carbide and sintering the molded component at about 2200° 
to about 2500° C. to produce a sintered component having 
an impurity component concentration of less than about 400 

[0025] In accordance With one or more embodiments, the 
present invention provides an article. The article can com 
prise a ceramic material selected from the group consisting 
of silicon carbide, silicon nitride, and aluminum oXide. The 
ceramic material can have a pore siZe of at least about 15 pm 
and an active impurity component at a concentration of less 
than about 400 ppm. 

[0026] In accordance With one or more embodiments, the 
present invention provides a method of fabricating a com 
ponent of a Wafer boat. The method can comprise providing 
a molded component comprising a ceramic selected from the 
group consisting of silicon carbide, silicon nitride, and 
aluminum oxide; sintering the molded component at a 
temperature of about 2200° to about 2500° C. to form a 
sintered Wafer boat component; Washing the sintered Wafer 
boat component With an acid solution comprising at least 
one acid selected from the group consisting of hydro?uoric 
acid, hydrochloric acid, and nitric acid; and rinsing the 
sintered Wafer boat component With Water. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The accompanying draWings are not intended to be 
draWn to scale. In the draWings, each identical or nearly 
identical component that is illustrated in various ?gures is 
represented by a like numeral. For purposes of clarity, not 
every component may be labeled in every draWing. In the 
draWings: 

[0028] FIG. 1 is a perspective vieW of a vertical Wafer 
boat according to the prior art; 

[0029] FIG. 2 is a perspective vieW of a vertical Wafer 
boat in accordance With an eXemplary embodiment of the 
present invention; 

[0030] FIG. 3 is a perspective vieW of a Wafer support 
according to an embodiment of the present invention Which 
may be used With the vertical Wafer boat depicted in FIG. 
2; 

[0031] FIG. 4 is a top vieW of the Wafer boat of FIG. 2 
taken along the line 4-4; 

[0032] FIG. 5 is a perspective vieW of the vertical Wafer 
boat of FIG. 2 With the top plate and each of the Wafer 
supports removed; 

[0033] FIG. 6 is a perspective vieW of a vertical Wafer 
boat in accordance With the present invention With the top 
plate removed and in Which feWer than all of the Wafer 
supports have been inserted; 

[0034] FIG. 7 is a top vieW of a top plate that may be used 
in conjunction With the vertical Wafer boat of FIG. 2; 
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[0035] FIG. 8 is an alternative embodiment of a top plate 
that may be used With the vertical Wafer boat of FIG. 2; 

[0036] FIG. 9 is a top vieW of an alternative embodiment 
of a base for a vertical Wafer boat according to another 
embodiment of the present invention; 

[0037] FIG. 10 is a graph shoWing the pore siZes of 
ceramic article sintered at various temperatures in accor 
dance With one or more embodiments of the present inven 

tion; 
[0038] FIG. 11 is a copy of a photomicrograph of a 
recrystalliZed silicon carbide material sintered at about 
1950° C. and about 0.9 torr for about tWo hours in accor 
dance With one or more embodiments of the present inven 

tion; and 

[0039] FIG. 12 is a copy of a photomicrograph of a 
recrystalliZed silicon carbide material sintered at about 
2475° C. and about 760 torr for about tWo hours in accor 
dance With one or more embodiments of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] This invention is not limited in its application to the 
details of construction and the arrangement of components 
set forth in the folloWing description or illustrated in the 
draWings. The invention is capable of providing other 
embodiments and of being practiced or of being carried out 
in various Ways. In addition, the phraseology and terminol 
ogy used herein is for the purpose of description and should 
not be regarded as limiting. The use of “including,”“com 
prising,” or “having,”"containing,”“involving,” and varia 
tions thereof herein, is meant to encompass the items listed 
thereafter and equivalents thereof as Well as additional 
items. 

[0041] Referring to FIGS. 2-8, a vertical Wafer carrier or 
boat in accordance With one embodiment of the present 
invention is shoWn generally at 100. In this embodiment, the 
body of the Wafer boat 100 is formed from a sintered 
ceramic material, such as silicon carbide, although other 
ceramic materials such as quartZ, silicon impregnated silicon 
carbide, sapphire, or combinations of these materials may 
alternatively be used. The body of the Wafer boat 100 
typically includes a plurality of vertical support rods 110, a 
base 125, and a top plate 130, 830 (shoWn in phantom in 
FIG. 2, but illustrated in FIGS. 7 and 8). The Wafer boat 
100 also includes a plurality of Wafer supports 140 that form 
an interference ?t With one or more of the plurality of 
vertical support rods 110 of the body. As Will be explained 
in greater detail beloW, the body of the Wafer boat 100 is 
preferably monolithically formed from a sintered ceramic 
material, such as silicon carbide, and may be siZed to 
provide arcuate support for silicon Wafers of different siZes. 
According to one aspect of the present invention, the plu 
rality of Wafer supports 140 may be inserted and removed 
from the body of the Wafer boat 100 and may form a 
removable interference ?t With one or more of the vertical 
support rods 110 of the body of the Wafer boat 100. 
Advantageously, this design of the Wafer boat 100 permits 
one or more of the Wafer supports 140 to be installed, 
removed, and/or replaced on site, While also providing a 
Wafer support surface that reduces slip in the silicon Wafers 
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during processing, avoids backside damage to the Wafer 
during processing and Wafer transfer operations, and pro 
vides an open area for Wafer transfer equipment to easily 
handle and manipulate the Wafers. 

[0042] The base 125 of the Wafer boat 100 is typically 
generally circular in shape and includes a generally hori 
Zontal ?at base plate 120 having a predetermined diameter. 
The base 125 may include a plurality of feet 126 that are 
spaced apart from one another about a perimeter of the 
under-surface of the base plate 120. In the illustrated 
embodiment, the plurality of feet include four feet disposed 
at approximately 90° apart from one another, With three of 
the four feet being disposed beloW each of the three vertical 
support rods 110. It should be appreciated that more or feWer 
feet may be provided, or alternatively rather than feet, a 
vertical rim may be provided, as described in commonly 
assigned US. Pat. No. 6,488,497 (hereinafter the ’497 
patent) Which is hereby incorporated by reference in its 
entirety. As described in the ’497 patent, Where a vertical rim 
is used, the vertical rim may include a locating notch (e.g., 
locating notch 36 in FIG. 2 of the ’497 patent) to orient the 
Wafer boat 100 in a predetermined position When placed in 
a vertical furnace (not shoWn) during a furnacing operation. 

[0043] An expansion slot 122 is cut radially outWard from 
a center hole 124 in the base plate 120. The expansion slot 
122 extends through the outer periphery of the base plate 
120, and alloWs for thermal expansion and contraction of the 
base 125 during thermal operations, e.g., furnacing opera 
tions. Although not illustrated, the base 125 may include a 
locating feature (such as a protrusion or the notch 36 
illustrated in FIG. 2 of the ’497 patent) that may be used to 
position the Wafer boat 100 in a particular orientation. 

[0044] The vertical support rods 110 are elongated struc 
tures having a typically generally rectangular shaped cross 
section that are spaced approximately equally apart about 
the perimeter of the base 125. The radially outer edges of the 
vertical support rods 110 are disposed approximately ?ush 
against the outer periphery of the base plate 120, and may 
have a slightly arcuate outer pro?le that matches that of the 
base plate 120 to Which they are mounted. The vertical 
support rods 110 may be Welded to the upper surface of the 
base plate 120 at their loWer distal ends and extend sub 
stantially vertically upWard therefrom. The upper distal ends 
of the vertical support rods may be Welded to the loWer 
surface of the top plate 130, 830 (illustrated in FIGS. 7 and 
8), Which may be a circularly-shaped plate (e.g., top plate 
130 of FIG. 7), or alternatively a C-shaped ?at plate (e.g., 
top plate 830 of FIG. 8) that extends substantially parallel 
to the base plate 120. Although the vertical support rods 110, 
base plate 120 and top plate 130, 830 are described as being 
Welded together to form a single monolithic structure, other 
assembly techniques are also Within the scope of this inven 
tion, e.g., bolting, press ?tting, or chemically bonding the 
components together. Further, mounting slots may be 
formed in a top surface of the base plate 120 and/or an 
under-surface of the top plate 130, 830 into Which the 
support rods may be press ?t and held in a ?xed relation to 
each other. The combination of the top plate 130, 830 and 
the base 125, When appropriately secured to the vertical 
support rods 110, forms a rigid structure in Which Wafers 
may be supported. 

[0045] Each of the vertical support rods 110 may include 
a plurality of slots 114 (shoWn most clearly in FIG. 5) Which 
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de?ne a plurality of teeth 112. The upper surface of each of 
the teeth 112 may be used to support a Wafer support 140 that 
When inserted, forms a positive interference ?t With one or 
more of the plurality of vertical support rods 110. Although 
each of the plurality of teeth 112 is illustrated as being 
disposed a ?xed distance from an adjacent tooth, it should be 
appreciated that the present invention is not so limited. 
Indeed, to control the distribution of process gases and other 
substances used during Wafer processing, the spacing of 
teeth in one portion of the vertical support rods may be 
different from that of another portion. For example, the teeth 
disposed at the upper and loWer distal ends of the vertical 
support rods 110 may be spaced farther apart than those 
disposed in the central portion of the vertical support rods 
110. 

[0046] FIG. 7 is a top vieW of a top plate that may be used 
in conjunction With the vertical Wafer boat of FIG. 2. As 
illustrated, the top plate 130 is a typically circularly shaped 
?at plate that may be formed, for example, from a sintered 
ceramic material, such as silicon carbide, and Which is 
Welded or otherWise securely and rigidly attached to the 
upper distal ends of the vertical support rods 110 (shoWn in 
phantom in FIG. 7) so as to be substantially parallel to the 
base plate 120. According to one embodiment of the present 
invention, the top plate 130 may be formed in a similar 
manner and using similar processing techniques as the 
bottom plate 120, such that the tWo plates are substantially 
identical. Thus, the top plate 130 may include an expansion 
slot 132 that is cut radially outWard from a center hole 134 
and Which extends through the outer periphery of the top 
plate 130. The center hole 134 may be of the same diameter 
and placement, relative to the top plate 130 as in the base 
plate 120. Accordingly, the top plate 130 and the base plate 
120 may expand and contract in a similar manner to avoid 
tWisting of the Wafer boat 100 during thermal operations, 
such as furnacing operations. 

[0047] Alternatively, rather than having a shape that is 
similar to that of the base plate 120, the top plate 130 may 
have a larger diameter center hole 134‘ than that of the base 
plate. For example, as illustrated in phantom in FIG. 7, the 
center hole 134‘ may have a diameter that is approximately 
% the siZe of the outer diameter of the top plate 130, With, 
or Without an expansion slot 132 radiating outWardly there 
from. Alternatively still, the top plate may have an entirely 
different shape, such as the C-shape illustrated in FIG. 8. 
The open end of the C-shaped top plate 830 Would typically 
be oriented above the expansion slot 122 in the base plate 
120 to avoid tWisting of the Wafer boat 100 during thermal 
operations. Each of these top plates, When appropriate 
secured to the vertical support rods provides a Wafer support 
boat that is rigid and stable. 

[0048] FIG. 3 is a perspective vieW of a Wafer support 
according to an embodiment of the present invention Which 
may be used With the vertical Wafer boat 100 depicted in 
FIG. 2. As shoWn in FIG. 3, the Wafer support 140 is 
substantially ?at and has a continuous open shape With leg 
sections 141, 142 on either side of the structure. By Way of 
example only, Applicants have empirically determined that 
a Wafer support having a thickness of approximately 1 to 5 
mm, and more preferably a thickness 2.5 to 3.5 mm is 
suf?cient to support a 300 mm Wafer in connection With a 
Wafer boat that includes three vertical support rods 110. It 
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should be appreciated that the Wafer supports may have 
other thicknesses, as the present invention is not limited to 
any particular thickness. 

[0049] The distal ends 148, 149 of each of the leg sections 
141, 142 may be mitered to engage With the base portions of 
the slots 114 in tWo of the vertical support rods 110 (i.e., the 
tWo vertical support rods positioned at 3 o’clock and 9 
o’clock as shoWn in FIG. 4). Preferably, this engagement 
occurs along a continuous line (rather than a single point) to 
avoid the possibility of particle generation during the inser 
tion and/or removal of a Wafer support 140. 

[0050] The Wafer support 140 also includes three arcuately 
curved sections 143, 144, and 145, With tWo of the three 
arcuately curved sections 143, 144 being con?gured to 
support a Wafer upon their upper surfaces at about the 0.7R 
boundary region of the Wafers (Where R is the radius of the 
Wafer). In the illustrated embodiment, each of the arcuately 
curved sections 143, 144 spans an arc of approximately 90°. 
It should be appreciated that the arcuately curved sections 
143, 144 may span more or less than this amount, as the 
present invention is not limited to a particular span, although 
an arc of approximately 90° has been empirically deter 
mined to be suf?cient to support a Wafer Without sagging or 
slip, While also permitting the free ?oW of gases and 
providing ample room for Wafer handling equipment. Each 
of the arcuately curved sections 143, 144 may be attached to 
a respective leg section 141, 142 by a rounded section 146, 
147, respectively. The pro?le of the rounded sections 146, 
147 reduces the possibility of fracture during insertion 
and/or removal of the Wafer support 140. The third arcuately 
curved section 145 may span an arc of approximately 60° 
and is connected to each of the ?rst tWo arcuately curved 
sections 143, 144 by a respective straight section 150, 151. 

[0051] It should be appreciated that the Wafer support 140 
illustrated in FIG. 3 provides a number of advantages over 
other Wafer support structures. For example, Where the 
Wafer support 140 is formed from a sintered ceramic mate 
rial, such as silicon carbide, in the manner described in detail 
more fully beloW, the Wafer support 140 possesses excellent 
rigidity in the vertical direction (i.e., into and out of the plane 
of the paper in FIG. 4) While being capable of ?exing in a 
horiZontal direction (e.g., left and right in the plane of the 
paper in FIG. 4). The relatively high modulus of elasticity 
of the sintered silicon carbide and the geometry of the Wafer 
support 140 permits the leg sections 141, 142 to ?ex together 
under pressure to facilitate the insertion and/or removal of 
the Wafer support in the Wafer boat, While possessing 
sufficient rigidity to ensure a positive interference ?t With the 
vertical support rods 110. The leg section displacement and 
applied force are linearly dependant. Given this relationship, 
the leg sections can be displaced While maintaining stress 
values beloW a given value. For example, When the Wafer 
support 140 is formed from sintered silicon carbide in the 
manner described in detail beloW, an overall displacement of 
2 mm creates silicon carbide stress levels at a Factor Of 
Safety of approximately the Modulus of Rupture divided by 
6. This factor of safety is Within accepted standards for 
silicon carbide parts, and permits the mitered ends 148, 149 
to mate With the slots 114 in a positive interference ?t. 

[0052] The mitered shape of the distal ends 148, 149 of the 
leg sections 141, 142 may be con?gured to engage the base 
portion of the slots 114 along a line of contact, rather than 
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at a single point to avoid particle generation during insertion 
and/or removal of the Wafer support 140. As illustrated in 
FIG. 4, given the displacement and stress properties of this 
design, the leg sections may be displaced a certain distance 
X and be inserted into a rigid Wafer boat designed to accept 
the Wafer support 140. Once the Wafer support 140 is fully 
in place, the leg sections 141, 142 can be alloWed to gently 
spring back into position and form a positive interference ?t 
With the slots 114 in the rigid Wafer boat as illustrated in 
FIG. 6. 

[0053] It should be appreciated that While a sintered 
ceramic material, such as silicon carbide, may be used to 
form the Wafer support 140, other materials may alterna 
tively be used, as the present invention is not limited to a 
particular type of material. Indeed, the geometry of the 
Wafer support 140 may suitably be used With other types of 
ceramic materials and provide suf?ciently rigidity in the 
vertical direction While still being ?exible in the horiZontal 
direction. 

[0054] It should be appreciated that rather than relying on 
the Wafer support 140 to provide suf?cient rigidity in the 
vertical direction With ?exibility in the horiZontal direction, 
the vertical support rods may be designed to provide this 
functionality. For example, rather than being rigid, the 
vertical support rods forming the interference ?t With the leg 
sections of the Wafer support 140 could be suf?ciently 
?exible so as to permit use With a Wafer support 140 that Was 
stiff in the horiZontal direction. Alternatively still, both the 
Wafer support and the vertical support rods could be ?exible. 

[0055] FIG. 9 is a top vieW of a Wafer boat base in 
accordance With another embodiment of the present inven 
tion. Advantageously, the base 925 may also be used With 
the Wafer support 140 previously illustrated and described. 
As in the previously described embodiment, the base 925 is 
typically generally circular in shape and includes a generally 
horiZontal ?at base plate 920 having a predetermined diam 
eter. The base 925 may also include a plurality of feet 926 
(shoWn in phantom in FIG. 9) that are spaced apart from one 
another about a perimeter of the under-surface of the base 
plate 920. In the illustrated embodiment, the plurality of feet 
include four feet disposed at approximately 90° apart from 
one another, although it should be appreciated that more or 
feWer feet may be provided, or alternatively rather than feet, 
a vertical rim may be provided, as described in the ’497 
patent). As in the previous embodiment, the base 925 may 
also include a locating feature (not shoWn) to position the 
Wafer boat 100 in a predetermined orientation When placed 
in a vertical furnace. 

[0056] As in the previous embodiment, the base 925 may 
include an expansion slot 922 that is cut radially outWard 
from a center hole 924 in the base plate 920 and Which may 
extend through the outer periphery of the base plate 920 to 
alloW for thermal expansion and contraction of the base 925. 
HoWever, in contrast to the previously described embodi 
ment, rather than including three vertical support rods 110 
positioned approximately equidistantly about the outer 
perimeter of the base plate 120, the base 925 may include 
four vertical support rods 910. TWo of the vertical support 
rods 910 (i.e. the pair positioned at 3 o’ clock and 9 o’ clock) 
may be positioned 180° degrees apart from one another in a 
manner similar to that shoWn in FIG. 2, While the remaining 
tWo vertical support rods 910 may be offset equally from 
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approximately the center of the arcuately curved section 145 
of the Wafer support 140 (e.g., at an approximately 11 o’ 
clock position and a 1 o’ clock position). The use of four 
vertical support rods 910 may be useful for larger Wafer 
siZes or Where more rigidity is desired. The remaining 
portions of a Wafer boat utiliZing the base 925 (e.g., the 
vertical support rods, the top plate, etc.) may be similar to 
those previously described (although the top plate Would 
instead be attached to four vertical support rods, rather than 

three). 
[0057] It should be appreciated that the Wafer boats 
described herein provide numerous advantages over con 
ventional Wafer boat designs. For example, in contrast to 
conventional designs Wherein the Wafer support structures 
are formed in conjunction With the body of the Wafer boat 
and permanently attached to the body of the carrier or boat, 
the Wafer supports of the present invention may be manu 
factured independently of the body of the Wafer boat. 

[0058] Because the Wafer supports may be manufactured 
independently of the body of the Wafer boat, the surface 
?nish of the Wafer supports can be improved, as there are no 
geometric or tooling constraints normally associated With a 
?xed rack design. It should be appreciated that in a conven 
tional rack design, the ?nish on surfaces Where the horiZon 
tal Wafer support surface meets a vertical support member 
may be difficult to adequately polish. Moreover, the dif?cult 
geometry of such ?xed rack designs can make it dif?cult to 
ensure that the Wafer support surfaces are uniform in ?nish 
and spacing. Because the Wafer supports of the present 
invention may be manufactured independently of the body 
of the Wafer boat, they may be manufactured in volume, 
ensuring uniformity. This uniformity simpli?es integration 
With existing Wafer transfer systems by having easily estab 
lished datum surfaces. Further, the open and ?at design of 
the Wafer support structures facilitates machining and per 
mits the surface ?nish of the Wafer supports to be easily 
polished. 

[0059] During ?nal steps of the manufacturing process, 
each of the plurality of Wafer supports 140 may be inserted 
into the body of the Wafer boat 100 and then Welded or 
otherWise ?xedly attached to the body of the Wafer boat 100 
to form a monolithic structure. Alternatively, the plurality of 
Wafer supports need not be ?xedly attached to the body of 
the Wafer boat during manufacture, and may instead be 
inserted and/or removed thereafter. This permits the Wafer 
supports to be inserted and removed on-site, and indeed, the 
Wafer supports may be packaged and/or shipped and/or 
installed separately from the body of the Wafer boat. Should 
one of the Wafer supports Wear or break during use, or break 
during shipment, a neW one may be provided. This is in 
contrast to conventional designs, Where should one of the 
support structures fail or be damaged, the entire Wafer boat 
may need to be scrapped. 

[0060] It should be appreciated that the ability to install 
the individual Wafer support structures of the present inven 
tion independently of the carrier in Which they are inserted 
facilitates handling. Conventional rigid boat designs are 
both heavy (some Weighing over 10 Kg) and fragile. HoW 
ever, because the individual Wafer support structures of the 
present invention may be installed after the body of the 
Wafer carrier or boat is in place, the Weight and fragility of 
the body of the boat is reduced, facilitating operator han 

Jul. 7, 2005 

dling. Further, it should be appreciated that different siZes of 
the Wafer support structures may be provided to accommo 
date different siZed Wafers While utiliZing the same vertical 
rack design, such that the body of the Wafer boat may be 
used With varying Wafer siZes simply by replacing the Wafer 
supports. 

[0061] The individual Wafer support structures support the 
Wafer close to the center of the Wafer to reduce crystallo 
graphic slip and gravitational stress. The open geometry of 
the individual Wafer supports promotes better gas How and 
permits use With existing Wafer transfer systems. Moreover, 
the thinness of the design reduces the thermal mass of the 
Wafer support structures, thereby promoting more uniform 
oxidation, reducing thermal gradients and making them 
more uniform, and increasing the radiation vieW factor 
betWeen the Wafers and the furnace chamber. Because the 
individual Wafer supports mate With the vertical supports 
using a positive interference ?t, and because this mating is 
spread along a line of contact, rather than a single point, the 
design minimiZes the possibility of movement of the Wafer 
supports, particle generation, and catastrophic failure. 

[0062] In accordance With another aspect of the present 
invention, techniques for fabricating ceramic articles are 
noW described in detail. This aspect of the present invention 
provides inert ceramic articles that have high purity and are 
dimensionally stable as Well as techniques for producing 
such ceramic articles. The techniques of the present inven 
tion can be utiliZed to fabricate a variety of ceramic articles 
including, for example, articles requiring high purity com 
ponents, articles having high temperature dimensional sta 
bility, and/or articles that are chemically inert. For example, 
the techniques of the present invention can be utiliZed to 
fabricate articles suitable as electrical components such as 
Wafer boats or carriers, capacitors and resistors, as refractory 
materials, or even as dinnerWare articles. The term “high 
purity” refers to ceramic materials having an active impurity 
component of less than about 400 ppm. The phrase “active 
impurity component” or “active impurity” refers to any 
species that can be transferred from the ceramic article into 
a substrate or Working article before, during or after pro 
cessing of the substrate or article When such substrate or 
Working article comes in contact or in proximity With the 
ceramic article. For example, the present invention can 
provide ceramic articles used as Wafer boats suitable for 
supporting semiconductor Wafers during semiconductor 
Wafer processing operations. The ceramic Wafer boats of the 
present invention can have an active impurity component, of 
less than 400 ppm, Which are typically metal species such as 
iron, copper, nickel, chromium, and, in some cases, calcium, 
Which can migrate from the ceramic matrix to the semicon 
ductor Wafer When the semiconductor Wafer is disposed in 
the Wafer boat during, for example, processing of the 
semiconductor Wafer. The phrase “active impurity compo 
nent” contrasts With the phrase “inert impurity component.” 
The latter refers to any species that may be present in the 
ceramic matrix that does not affect or contaminate a sub 
strate or Working article. For example, during semiconductor 
Wafer processing, an inert impurity component can be any 
species, such as yttrium, that may migrate from the ceramic 
article but does not affect the utility or pertinent operational 
properties of the semiconductor Wafer. 

[0063] As used herein, the phrase “boil-off’ typically 
refers to any processing operation Wherein any impurity 
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component, active or inert, is removed from the ceramic 
matrix or otherWise rendered immobile and bound Within the 
ceramic matrix. 

[0064] The impurity component concentration can be 
determined by utilizing any technique that measures con 
centration. For example, the impurity concentration can be 
determined by performing an inductively coupled plasma 
analysis (optical emission or mass spectroscopy), a gloW 
discharge mass spectrometric analysis, or a secondary ion 
mass spectrometric analysis. 

[0065] The ceramic articles of the present invention can be 
characteriZed as being recrystalliZed ceramic materials that 
typically have grain structures that are resistant to oxidation 
degradation during use because, it is believed, of their loW 
surface area. The grain structure of the ceramic articles also 
permits thermal, chemical, and mechanical cleaning or 
removal of undesirable impurities, especially active, non 
inert impurity components, or contaminants. The ceramic 
articles of the present invention can be further characteriZed 
as being substantially free of silicon Which decreases any 
likelihood of diffusion Which, in turn, can provide loWer 
impurity transfer especially during, for example, high tem 
perature silicon Wafer annealing processes, such as argon 
annealing, hydrogen annealing as Well as during silicon-on 
insulator (SOI) substrate processing. The ceramic articles of 
the present invention can also be characteriZed as being 
fabricated Without an impregnation step, speci?cally Without 
a silicon impregnation step, Which can increase yield, 
decrease the number of machining processes and costs, and 
improves production capacity. 

[0066] In accordance With one or more embodiments, the 
present invention provides a method of preparing a ceramic 
article by recrystalliZing a ceramic material. The ceramic 
material can be silicon carbide, silicon nitride, and, in some 
cases, aluminum oxide. The method can comprise providing 
a green component comprised of ceramic poWder and vapor 
iZing or removing at least a portion of any undesirable 
contaminant or impurity components from the ceramic poW 
der. The method can also be characteriZed to include recrys 
talliZing the ceramic poWder to form grains, in at least a 
portion of the article, With a predetermined pore siZe as Well 
as a predetermined concentration of impurities, active impu 
rity components or both active and inert impurity compo 
nents. The phrase “green component” refers to a ceramic 
article before being processed to have a ceramic crystal 
structure. 

[0067] In accordance With one or more embodiments, the 
present invention provides a method of fabricating a ceramic 
article. The method can comprise forming a molded com 
ponent comprising a ceramic poWder and sintering the 
molded component at a temperature sufficient to vaporiZe or 
boil-off any impurity components and promote recrystalli 
Zation of the ceramic material to obtain a pore siZe that limits 
or at least reduces the surface area of the formed ceramic 
crystals. In accordance With some embodiments of the 
invention, the sintering operation can be performed until the 
ceramic material has been sufficiently recrystalliZed to 
reduce the surface area of the ceramic material to reduce or 
inhibit oxidation of a component of the ceramic material. 
Further, sintering can be performed at any suitable tempera 
ture that promotes grain groWth and vaporiZation of impurity 
components. In accordance With one or more embodiments 
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of the invention, a ceramic article comprised of silicon 
carbide can be sintered at about 2200° to about 2500° C. to 
produce a sintered component having a pore siZe of at least 
about 5 pm, at least about 10 pm, preferably at least about 
15 pm, in some cases at least about 20 pm, and in other cases 
at least about 25 pm. Because, it is believed, the surface area 
is inversely related to the pore siZe, a pore siZe of at least 
about 15 pm can reduce the likelihood of the formation of 
silica during, for example, use of the ceramic article in 
semiconductor Wafer processing operations. HoWever, the 
desired pore siZe may be in?uenced by other factors includ 
ing, for example, the particular use or service of the ceramic 
article. Thus, a pore siZe of at least about 5 pm may be 
suitable for particular situations. 

[0068] In accordance With other aspects, the present 
invention can be characteriZed as providing a ceramic article 
having a pore surface area of less than about 0.04 m2/gr, 
preferably less than about 0.02 m2/gr. Pore surface area can 
be measured using any suitable technique including, for 
example, utiliZing a BET analyZer using condensation of 
nitrogen gas. 

[0069] Pore siZe refers to voids or spaces, Which can be 
interconnected to form a netWork. Pore siZe can be measured 
by any suitable technique. For example, pore siZe can be 
determined by mercury in?ltration techniques Which typi 
cally utiliZes a mercury porosimeter and can provide a 
distribution of pore siZes Within the ceramic. As used herein, 
“pore siZe” refers to the median pore siZe, 50% of the 
distribution of pore volume. 

[0070] Sintering can be performed at loWer temperatures 
but may require relatively longer sintering periods to 
achieve the desired properties. Further, higher sintering 
temperatures may be utiliZed but may promote volatiliZation 
of the ceramic matrix material. 

[0071] In accordance some embodiments of the invention, 
sintering can be performed until the concentration of impu 
rity components, typically active impurity components, is 
less than about 400 ppm; in some cases, less than about 200 
ppm; in other cases, less than about 100 ppm; in still other 
cases, less than about 50 ppm; in yet other cases, less than 
about 10 ppm; and even less than about 1 ppm. For example, 
sintering can be performed for several hours, typically at 
least about tWo hours but sintering may be performed as long 
as six hours. The sintering period can depend on several 
factors including, but not limited to, the vacuum level during 
sintering, the heating rate, the cooling rate, the geometric 
complexity of the ceramic article, as Well as the ratio of 
exposed surface area relative to the volume of the ceramic 
article. 

[0072] Heating during sintering can be performed at any 
suitable heating rate. For example, heating can be performed 
at a rate of about 3° C. per minute. 

[0073] In accordance With other embodiments of the 
present invention, sintering can be performed in an atmo 
sphere that promotes removal of impurity components, 
preferably active impurity components. For example, sin 
tering can be performed under a vacuum pressure of less 
than about 10 torr until the desired active impurity compo 
nent concentration has been achieved. Further, the applied 
vacuum can be varied throughout the sintering operation. 
Sintering can also be performed under an atmosphere com 
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prising hydrogen chloride or chlorine With or Without oxy 
gen or air or other suitable atmosphere that removes or forms 
a compound With any active impurity component but, pref 
erably, does not promote carburiZation. For example, a 
silicon carbide component can be sintered at about 1850° C. 
under an atmosphere comprising hydrogen chloride or chlo 
rine, folloWed by cooling to betWeen about 1000° and about 
1100° C. in an oxidiZing atmosphere, such as an atmosphere 
comprising air, to bum off any carbon formed. Sintering can 
further include heating to at least about 2200° C. to promote 
grain groWth. 
[0074] Further, sintering can be performed until all impu 
rity components, a single component, or a portion of any 
impurity component has been removed to a desired concen 
tration level. In accordance With further embodiments of the 
invention, sintering can be performed until the entire 
ceramic article has achieved the desired properties or until a 
portion of the ceramic article has achieved the desired 
properties. For example, sintering can be performed until the 
entire ceramic article has the desired active impurity com 
ponent concentration and/or the desired pore siZe or until an 
outer or surface layer has the desired active impurity con 
centration and/or the desired pore siZe. Thus in some 
embodiments of the invention, the ceramic article can have 
a gradient of active impurity concentration, from the 
exposed surface to its inner core layer. Likewise, the ceramic 
article can have a porosity gradient from the surface to its 
inner core layer. 

[0075] In accordance With one or more embodiments of 
the invention, speci?cally Where the ceramic article com 
prises silicon carbide, a sintering temperature of less than 
about 2200° C., it is believed, does not provide commer 
cially viable grain groWth rates or, in some cases, may not 
result in a suf?ciently recrystalliZed the silicon carbide 
matrix. Moreover, sintering silicon carbide at a temperature 
of less than about 2200° C. may not appreciably vaporiZe or 
boil-off a suf?cient fraction of any impurity components or 
may not do so at commercially viable rates. Conversely, a 
sintering temperature greater than about 2500° C. may result 
in an undesirable vaporiZation of the silicon from the silicon 
carbide matrix. 

[0076] The method in accordance With one or more 
embodiments of the invention can further comprise Washing 
the sintered component. The sintered component can be 
Washed With any suitable solution capable of removing 
impurities that may be present on, for example, the surface 
of the component. For example, the Washing solution can 
comprise any solution capable of dissolving, solubiliZing, or 
at least rendering any active impurity components remov 
able by a Washing and/or rinsing solution. 
[0077] The Washing solution can comprise an acid solu 
tion, Which can comprise at least one acid selected from the 
group consisting of hydrochloric acid, nitric acid, and 
hydro?uoric acid. 
[0078] The acid solution can be prepared by combining 
hydrochloric acid With a compound that is a precursor of 
hydro?uoric acid. For example, an acid solution can be 
prepared by incorporating ammonium ?uoride or ammo 
nium bi?uoride With hydrochloric acid. The ammonium 
?uorinated compounds, in the presence of hydrochloric acid, 
are typically converted to hydro?uoric acid. 

[0079] Any concentration of the acid or acids in the acid 
solution can be utiliZed to practice the present invention that 
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suf?ciently removes or dissolves impurities from the 
ceramic article. For example, the acid concentration of the 
acid solution can be at least about 30%, in Water. 

[0080] An acid concentration of less than 30% may not be 
effective at removing or solubiliZing any active impurity 
components such as iron, nickel, copper, chromium, and, in 
some cases, calcium. 

[0081] Washing can be performed at any Washing solution 
temperature that promotes Wetting of the component by the 
solution and the solubility of any undesirable impurity 
components. For example, a temperature of about 20° to 
about 80° C. can be used With an acid solution to dissolve 
active impurity components from a silicon carbide article 
because, it is believed, a temperature of less than about 20° 
C. is not effective in cleaning and a temperature of greater 
than about 80° C. may vaporiZe the acid solution. Washing 
can be performed for any duration. For example, acid 
Washing a silicon carbide article can be performed by 
exposing, typically by dipping, the article in the acid solu 
tion for at least about four hours to about eight hours 
because, it is believed, a Washing time of less than about tWo 
hours Would be ineffective in Wetting and promoting 
removal of the impurities. 

[0082] Washing can further include rinsing any residual 
Washing solution With a rinsing solution that is contaminant 
or impurity-free. For example, deioniZed Water With a resis 
tivity of at least about 14 mega-ohms can be used to rinse 
acid solution. Rinsing can be performed at any temperature 
including, for example, room temperature betWeen about 
15° to about 25° C., until substantially all the Washing 
solution has been removed. The Washing/rinsing operations 
may be repeated several times. 

[0083] The method of the invention can further comprise 
forming at least one feature on the molded component 
and/or on the sintered component. A feature can be any 
structure, element or characteristic on, for example, a sur 
face of the ceramic article. For example, the ceramic article 
can have features depicted exemplarily in FIG. 5 including, 
but not limited to, teeth 112. Thus, in accordance With the 
articles and techniques of the present invention, one or more 
features such as teeth 112 can be formed on one or more 

vertical support rods 110. Features can be formed on a 
molded component and/or on a sintered component. 

[0084] Features can be fabricated by molding; casting, 
including slip casting; pressing under pressure; extruding; or 
cutting from a billet. Features can also be fabricated by 
machining operations. For example, features can be created 
by slip casting, such as by consolidating a slurry comprised 
of silicon carbide and Water in a mold having corresponding 
structures that provide desired features on the ceramic 
component. Further machining operations can be performed 
to cut additional features on cast or molded articles. Features 
can also be created after sintering operations have been 
performed. 
[0085] In accordance With one or more embodiments, 
?nishing operations may be performed to provide additional 
features as Well to, for example, produce a component With 
dimensions Within acceptable dimensional and/or ?nish tol 
erance. Such operations include, for example, machining, 
grinding, or polishing techniques. 

[0086] The method can further include forming a trapping 
oxide layer on the sintered ceramic component. Oxidation 
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typically involves creating an oxide layer on a surface of the 
sintered component to trap and remove any surface impurity 
components. Forming the oxide layer can comprise heating 
the ceramic article, typically the sintered component, under 
an atmosphere and at a temperature and for a duration 
sufficient to form an oxide layer that is, preferably, at least 
about 0.2 pm thick. For example, a silicon carbide article can 
be oxidized at about 1000° to about 1300° C., preferably 
about 1200° to about 1300° C., under an oxidizing atmo 
sphere. The oxidizing atmosphere can comprise oxygen and 
at least one chlorinated species selected from the group 
consisting of chlorine, hydrogen chloride, dichloroethylene, 
and trichloroethane. Oxidation at a temperature less than 
about 1000° C. can be performed but may not promote 
formation of an oxidation layer at a desirable rate. Oxidation 
at a temperature greater than 1300° C. can also be performed 
but may promote formation of SiClX species, typically under 
the oxide layer, Which may be undesirable in certain cases. 

[0087] The oxide layer can then be removed from the 
sintered component by, for example, Washing the sintered 
component With an acid solution such as the acid solution 
described above. Removing the oxide layer can further 
comprise rinsing any acid aWay from the sintered compo 
nent With Water. The oxide layer promotes removal of any 
undesirable contaminants or impurities by trapping any such 
species Within the oxide layer matrix. Removal of the oxide 
layer consequentially removes such trapped undesirable 
species. The formation of such surface oxide layer can be 
performed on all or only a portion of any surface of the 
sintered, recrystallized component or components. Further, 
the formation and subsequent removal of the trapping oxide 
layer can be repeated as necessary. 

[0088] In accordance With one or more embodiments, the 
present invention provides an article comprising a ceramic 
material selected from the group consisting of silicon car 
bide, silicon nitride, and aluminum oxide. The ceramic 
material can have a pore size of at least about 15 pm and an 
active impurity component at a concentration of less than 
about 400 ppm. The active impurity component comprises at 
least one metal selected from the group consisting of iron, 
copper, nickel, and chromium. In some embodiments of the 
invention, the concentration can be less than about 200 ppm, 
less than about 100 ppm, less than about 50 ppm, less than 
about 10 ppm, or even less than about 1 ppm. The ceramic 
material can comprise recrystallized silicon carbide. The 
ceramic material can further comprise an inert impurity 
component. 

[0089] In accordance With one or more embodiments, the 
present invention provides a Wafer boat comprising a base 
and at least one support rod. At least one of the base and the 
support rod can comprise silicon carbide having a pore size 
of at least about 15 pm and an active impurity component at 
a concentration of less than about 400 ppm. 

[0090] In accordance With one or more embodiments, the 
present invention provides a method of fabricating a com 
ponent of a Wafer boat. The method can comprise providing 
a molded component comprising a ceramic selected from the 
group consisting of silicon carbide, silicon nitride, and 
aluminum oxide, sintering the molded component at a 
temperature of about 2200° to about 2500° C. to form a 
sintered Wafer boat component, Washing the sintered Wafer 
boat component With an acid solution comprising at least 
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one acid selected from the group consisting of hydro?uoric 
acid, hydrochloric acid, and nitric acid, and rinsing the 
sintered Wafer boat component With Water. The method can 
further comprise forming at least one surface feature on the 
sintered Wafer boat component, forming a ?rst oxide layer 
on a surface of the sintered Wafer boat component and 
removing the ?rst oxide layer from the surface of the 
sintered Wafer boat component, and forming a second oxide 
layer on a surface of the sintered Wafer boat component and 
removing the second oxide layer after forming and removing 
the ?rst oxide layer. 

[0091] The present invention can be further understood in 
vieW of the folloWing examples, Which are illustrative in 
nature and are not to be considered as limiting the scope of 
the invention. 

EXAMPLES 

[0092] In the examples, ?ne silicon carbide (SiC) poWder 
With a median particle size of about 2 pm and coarse SiC 
grain With a median size of about 100 pm Were mixed With 
about 15 Wt % sodium silicate and 1 Wt % latex binder to 
form a stable slurry using a ball mill. 

[0093] The slurry Was cast into rectangular bars, about 
1“><3”, With a density of about 2.56 g/cc, using a plaster 
mold. The bars Were dried at about 110° C. and machined in 
the green state to remove about 0.5 mm from the surface. 

[0094] The machined samples Were sintered at several 
different sintering conditions to optimize the recrystalliza 
tion and puri?cation processes as discussed in Examples 1 
and 2. 

Example 1 

[0095] Machined samples Were heated at different sinter 
ing temperatures, from about 1800° C. to about 2500° C., to 
determine preferable conditions for obtaining a fully recrys 
tallized structure. The pore size monotonically increased 
from less than about 0.25 pm, as observed in the un?red 
sample, to greater than about 15 pm, as observed in the 
sample sintered at about 2400° C., as shoWn in FIG. 10. 

[0096] Comparative results from tWo different sintering 
conditions: about 1950° C. at about 0.9 torr for about tWo 
hours and about 2475° C. at about 760 torr for about tWo 
hours, as shoWn in FIGS. 11 and 12. Clear differences Were 
observed about the extent of recrystallization betWeen the 
tWo sintering conditions. The sample sintered at about 1950° 
C. recrystallized to a pore size of about 8.8 pm (median pore 
size) While the sample sintered at about 2475° C. recrystal 
lized to a pore size of about 25.8 pm (median pore size). 
Copies of photomicrographs of polished cross-sections from 
the samples sintered at about 1950° C. and 2475° C. are 
shoWn in FIGS. 11 and 12, respectively. Fine and coarse 
grains can also be observed in the sample heated at about 
1950° C., While a more recrystallized structure, With little or 
no remaining ?ne grains, can be observed in the sample 
sintered at about 2475° C. 

[0097] Recrystallization at 2475° C. can provide a ceramic 
article With a reduced surface area Which can reduce or 

provide a loW oxidation rate When such article is used at high 
temperatures, especially in oxidizing atmospheres. Further, 
loWer oxidation rate can reduce or even minimize any 

dimensional changes during use. Thus, the article and tech 
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niques of the present invention can provide an inert Wafer 
boat suitable for use in semiconductor Wafer processing 
applications. 

Example 2 

[0098] Machined samples Were heated at different vacuum 
levels, from about 0.6 to about 600 torr, and sintered at 
various temperatures, from about 1650° C. to about 2000° 
C., to determine preferable processing conditions. Avacuum 
level beloW about 10 torr, eg about 6 torr, appears to 
provide good impurity removal during sintering as shoWn in 
Table 1. 

TABLE 1 

Impurity concentration at various processing conditions. 

Temperature (O C.) Pressure (torr) Fe (ppm) Ni (ppm) 

1850 6 2 0.3 
1850 0.6 0.2 0.3 
1850 600 357 85 
2000 6 0.2 0.3 
2000 0.6 0.2 0.3 
2000 600 0.2 5 

[0099] Thus, in addition to the high sintering temperature, 
betWeen about 2200° and about 2500° C., as described in 
Example 1, the techniques of the present invention can be 
conducted utiliZing vacuum conditions, e.g., less than about 
6 torr pressure, to promote volatiliZation of impurities and 
provide a high purity ceramic article, such as a Wafer boat 
suitable for use during annealing processes of silicon semi 
conductor Wafers. 

[0100] Thus, the process of the present invention can be 
conducted in vacuum pressure of less than about 10 torr to 
promote volatiliZation of impurities and obtain a high purity 
ceramic article that can be used as Wafer boats suitable 
during annealing processes of silicon Wafers. 

[0101] Having thus described several aspects of at least 
one embodiment of this invention, it is to be appreciated 
various alterations, modi?cations, and improvements Will 
readily occur to those skilled in the art. Such alterations, 
modi?cations, and improvements are intended to be part of 
this disclosure, and are intended to be Within the scope of the 
invention. Accordingly, the foregoing description and draW 
ings are by Way of example only. 

What is claimed is: 
1. A Wafer boat comprising: 

a base plate; 

a top plate; 

a plurality of support rods disposed about a perimeter of 
the base plate and extending betWeen the base plate and 
the top plate, each support rod of the plurality of 
support rods having a ?rst distal end that is attached to 
the base plate and a second distal end that is attached 
to the top plate, each support rod including a plurality 
slots formed therein that de?ne a plurality of teeth; and 

a plurality of Wafer supports adapted to be received in a 
corresponding slot of each of the plurality of support 
rods, each of the plurality of Wafer supports having a 
continuous open shape and including a pair of leg 
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sections that form an interference ?t With at least tWo 
of the plurality of support rods. 

2. The Wafer boat of claim 1, Wherein the plurality of 
support rods are sintered to the base plate and the top plate 
to form a single monolithic structure. 

3. The Wafer boat of claim 1, Wherein the base plate, the 
top plate, the plurality of support rods, and the plurality of 
Wafer supports are formed from recrystalliZed silicon car 
bide having a pore siZe of approximately 15 pm. 

4. The Wafer boat of claim 1, Wherein the plurality of 
support rods includes ?rst, second, and third support rods, 
the ?rst and second support rods being disposed approxi 
mately one hundred and eighty degrees apart from one 
another about the perimeter of the base plate, and the third 
support rod being disposed on the perimeter of the base plate 
approximately ninety degrees apart from the ?rst and second 
support rods. 

5. The Wafer boat of claim 4, Wherein the plurality of slots 
formed in each support rod of the plurality of support rods 
are evenly spaced. 

6. The Wafer boat of claim 4, Wherein the base plate has 
a generally circular shape having a central hole formed 
therein, the base plate including an expansion slot that 
extends radially outWard from the central hole and through 
an outer periphery of the base plate. 

7. The Wafer boat of claim 6, Wherein the top plate has a 
generally circular shape having central hole formed therein, 
the top plate including an expansion slot that extends 
radially outWard from the central hole in the top plate and 
through an outer periphery of the top plate. 

8. The Wafer boat of claim 7, Wherein the expansion slot 
in the top plate is aligned With the expansion slot in the base 
plate. 

9. The Wafer boat of claim 8, Wherein each of the plurality 
of Wafer supports includes a continuous ?at member having 
an open shape, the continuous ?at member including a 
plurality of inter-connected arcuately curved sections, tWo 
of the arcuately curved sections de?ning an arc of approxi 
mately ninety degrees and adapted to support a Wafer at 
approximately a 0.7R boundary region of the Wafer Where R 
is a radius of the Wafer, each of the tWo arcuately curved 
sections being connected to a respective leg section of the 
pair of leg sections and terminating in a free distal end; 

Wherein each of the free distal ends is shaped to form the 
interference ?t With a slot of a respective one of the at 
least tWo support rods. 

10. The Wafer boat of claim 6, Wherein the top plate has 
a C-shape, and Wherein an open end of the C-shape is 
aligned With the expansion slot in the base plate. 

11. The Wafer boat of claim 10, Wherein each of the 
plurality of Wafer supports includes a continuous ?at mem 
ber having an open shape, the continuous ?at member 
including a plurality of inter-connected arcuately curved 
sections, tWo of the arcuately curved sections de?ning an arc 
of approximately ninety degrees and adapted to support a 
Wafer at approximately a 0.7R boundary region of the Wafer 
Where R is a radius of the Wafer, each of the tWo arcuately 
curved sections being connected to a respective leg section 
of the pair of leg sections and terminating in a free distal end; 

Wherein each of the free distal ends is shaped to form the 
interference ?t With a slot of a respective one of the at 
least tWo support rods. 






