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VAPORIZATION VESSEL AND METHOD

FIELD

[0001] This disclosure generally relates to vessels utilize a flow of carrier gas and solid
reagent to provide a stream of vaporized reagent. More specifically, the disclosure relates to

structures configured to support the solid reagent to be vaporized.
BACKGROUND

[0002] Some manufacturing processes utilize a stream of vaporized material. For example,
chemical vapor deposition is a process that utilizes a flow of vaporized material to form a
solid layer or film of the material on a surface. In another manufacturing process, a stream of
vaporized material is utilized to implant the material into a substrate. This material may be
referred to as a reagent. In semiconductor manufacturing, chemical vapor deposition can be
used to form precise thin films of the solid reagent on a substrate. A vaporization vessel can
be configured to provide a stream of vaporized reagent by vaporizing a solid reagent with a
stream of carrier gas. A solid reagent may be in the form of particles, e.g., sintered or non-

sintered, granules, or liquids.
SUMMARY

[0003] A vaporization vessel includes a housing and one or more trays located within the
housing. The trays are configured to support a solid reagent to be vaporized. A carrier gas is
provided to the vaporization vessel and flows through the trays and past the solid reagent.
The solid reagent is vaporized as the carrier gas flows along the solid reagent. The
vaporization vessel generates a stream of reagent gas that includes the vaporized reagent and

carrier gas.

[0004] Embodiments for a vaporization vessel, a tray for a vaporization vessel, and a method
for assembling a tray for a vaporization vessel are disclosed. In some embodiments, a
vaporization vessel includes a tray for supporting a solid reagent. In some embodiments, the
tray provides the surface for supporting the solid reagent. In an embodiment, the vaporization

vessel includes a plurality of the trays.

[0005] In an embodiment, a tray includes a bottom plate having a surface configured to
support a solid reagent, a side wall, one or more through-holes that extend through the bottom

plate, and a duct extending through and from the bottom plate. The duct is configured to
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fluidly connect to a duct of a second tray stacked on the first tray. In an embodiment, the
through-holes extend above the surface of the bottom plate. In an embodiment, the through-

holes extend below a lower surface of the bottom plate.

[0006] In an embodiment, the tray includes one or more contacting members located along an
inner surface of the side wall. Each of the contacting members includes an elastic member
which is chemically compatible with the solid reagent that extends upwardly beyond a top
edge of the side wall.

[0007] In an embodiment, a tray includes one or more arms that extend inwardly from the
side wall. The through-holes extend through the one or more arms. In some embodiments,
one or more of the arms extend from the side wall to an inner wall of the tray. In an

embodiment, the arms are formed separately from the bottom plate and side wall then are

secured to within the tray.

[0008] In an embodiment, the tray is made of a material comprising aluminum alloy, nickel,

graphite or stainless steel.

[0009] In an embodiment, the tray is made of a material comprising graphite or treated
graphite. In some embodiments, the tray includes one or more contacting members located
along an inner surface of the side wall. Each of the contacting members includes an elastic

member that extends upwardly beyond a top edge of the side wall.

[0010] In an embodiment, a method for assembling a tray includes forming a first tray
portion. The first tray portion includes a side wall and a bottom plate. In an embodiment, pre-
made arms are secured within the first tray portion. In another embodiment, a plurality of
tubes are press-fit through apertures in the bottom plate. The tubes and bottom plate in an
embodiment are made of a metal material that allows the tubes to be welded to the bottom

plate.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] References are made to the accompanying drawings that form a part of this disclosure,
and which illustrate embodiments in which the vaporization vessel and tray(s) for a

vaporization vessel described in this specification can be practiced.

[0012] Figures 1A and 1B are a side view and a top view of a vaporization vessel, according

to an embodiment.
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[0013] Figure 2 is a cross-sectional view of the vaporization vessel in Figures 1A and 1B

along the line F2-F2 in Figure 1B.

[0014] Figure 3 is a prospective view of a tray for a vaporization vessel, according to an

embodiment.
[0015] Figure 4 is a cross sectional view of the tray in Figure 3 along the diameter Dia.

[0016] Figure SA is a prospective view of a tray for a vaporization vessel, according to

another embodiment.

[0017] Figures 5B, 5C, and 5D are a top view, a cross sectional view, and a second cross

sectional view of the elastic member in Figure SA, respectively.

[0018] Figures 6A and 6B are a top view and cross sectional view, respectively, of an elastic

member for the vaporization tray in Figure 5A, according to another embodiment.

[0019] Figure 7A is a prospective view of a tray for a vaporization vessel, according to

another embodiment.

[0020] Figure 7B is a cross sectional view of the tray in Figure 7A that illustrates one of the

tubes.

[0021] Figure 8A is a prospective view of a tray for a vaporization vessel, according to an

embodiment.

[0022] Figure 8B and 8C are each a prospective view of a respective arm of the tray in Figure

8A.
[0023] Figure 8D is a top view of the tray in Figure 8 A without the arms.

[0024] Figure 9A is a method for forming a tray for a vaporization vessel, according to an

embodiment.

[0025] Figure 9B is a method for forming a tray for a vaporization vessel, according to

another embodiment.

[0026] Like reference numbers represent like parts throughout.

DETAILED DESCRIPTION

[0027] A stream of reagent gas generated from a solid reagent by a vaporization vessel can

be utilized to, for example, form a layer of the solid reagent on a substrate, or implant a
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material into a substrate. The stream of reagent gas includes a vaporized reagent and a carrier
gas. The carrier gas is an inert gas that is generally unreactive. For example, an inert gas may
include one or more of helium, neon, argon, krypton, xenon, and nitrogen. In particular, a
stream of vaporized reagent can be used in forming semiconductors. Many semiconductors
are now being manufactured at smaller scales, e.g., a nanometer scale. As the semiconductors
are formed at smaller scales, smaller concentrations of metal impurities have been sought to
prevent breakdown and operational issues. Accordingly, the vaporized reagents having lower
concentrations of metal impurities have been sought in the semiconductor manufacturing

industry.

[0028] It has been determined that reaction(s) between a tray for a vaporization vessel and
the reagent can form metal impurities in amounts that are significant in semiconductor
manufacturing. In particular, the amounts of impurities can be significant in semiconductor
manufacturing at the nanometer scale. For example, the iron contained in some stainless steel
trays has been found to react with some reagents to form metal impurities. For example,
metal halides have been found to react with iron to form metal impurities. These chemical
reactions may occur between the solid reagent and surface(s) of the tray, and/or between the

vaporized reagent and the surfaces of the tray(s).

[0029] Embodiments disclosed herein are related to a vaporization vessel, a tray for a
vaporization vessel, and methods of assembling and/or forming thereof. A vaporization
vessel can be used to provide a stream of vaporized reagent. One or more trays are configured
to hold the solid reagent to be vaporized. The vaporization vessel is configured to provide a
stream of vaporized reagent by passing a flow of carrier gas along the solid reagent, e.g., to
contact the solid reagent, such that a portion of the solid reagent vaporizes and flows with the

carrier gas.

[0030] The embodiments disclosed herein have a configuration that generates a stream of
reagent gas with lower metal impurities. In some embodiments, the tray or tray parts that
contact the reagent are made with or coated with a material that generates a significantly
lower level of impurities. Some embodiments disclosed herein are configured to provide an
improved flow of carrier gas through the tray and as such significantly lower level of
impurities.

[0031] This disclosure describes several embodiments (but not limited to) of the invention in

which the vaporization vessel is configured to provide a stream of reagent gas that contains
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equal to or less than ten part per million (“ppm”) of metal impurities relative to the amount of
vaporized reagent, or less than three ppm of metal impurities relative to the amount of
vaporized reagent, or one ppm of metal impurities relative to the amount of vaporized
reagent. In other embodiments, the vaporization vessel is configured to provide a stream of
reagent gas that is less than or equal to a detectable amount of impurities relative to the

specific vaporized reagent used.

[0032] A vaporization vessel, according to the invention is described in Figure 1A. Figure 1A
is a side view of a vaporization vessel 1 according to one embodiment. Figure 1B is a top
view of the vaporization vessel of Figure 1 A. The vaporization vessel 1 includes a container
10 and a cover 20. The cover 20 has a circular shape. However, the cover 20 in an
embodiment may have a different shape (e.g., rectangular, square, or triangular, etc.). The
container and cover 20 form a housing of the vaporization vessel 1. Bolts 25 affix the cover
20 to the container 10. An inlet 30 and an outlet 35 are provided in the cover 20. A seal
member 27 is located between the container 10 and the cover 20. The seal member 27 is
configured to provide sealing between the upper end of the container 10 and the cover 20.
The seal member 27 is made of a material that has low to no particle shedding and is
generally unreactive with the reagent. In an embodiment, the seal member 27 may be a metal
sealing ring or an elastomer gasket. For example, the elastomer gasket may be formed of, but
is not limited to, one or more FKM fluoroelastomers and/or FFKM perfluoroelastomers, as
defined by ASHM international standard 1418. For example, the metal sealing ring may
include stainless steel, nickel, or a metal coated with a soft material that is chemically
compatible with the container and the reagent. For example, an elastomeric material is
chemically compatible when it does not generate (through reacting with the carrier gas, the
reagent, and/or the container, or by losing material) a detectable level of impurities when
used in a vaporization vessel (e.g., cause an increase of 1 ppm or greater of impurities in the
stream of reagent gas flowing from the vaporization vessel 1 relative to the vaporized reagent

in the stream of reagent gas).

[0033] Figure 2 is a cross-sectional view of the vaporization vessel 1 along the line F2-F2 in
Figure 1B. The vaporization vessel 1 has an interior volume 40 defined by the housing. For
example, the container 10 and the cover 20 define the interior volume 40 in an embodiment.
The inner surfaces of the container 10 and the cover 20 may be made of a corrosion resistant
material. For example, the inner surfaces of the container 10 and cover 20 may be, but are not

limited to, made of stainless steel (e.g., 316L SS).
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[0034] The vaporization vessel 1 includes trays 100 configured to hold a solid reagent 50.
For illustration purposes, the interal structure of the lowest tray 100A is omitted to show the
solid reagent 50. However, it should be understood that the trays 100 have similar features
and the solid reagent 50 would be provided in each of the trays 100. The solid reagent 50 is
shown as granules in Figure 3. However, the solid reagent 50 may be any non-gas substance
or material in an embodiment. For example, the solid reagent 50 may be particles (sintered or
non-sintered), powder, or a liquid in embodiments. The vaporization vessel 1 in Figure 2 has
six trays 100. The trays 100 are stacked within the interior volume 40 in the vertical direction
Dv. In an embodiment, the vaporization vessel 1 may include one or more of the trays 100. In

another embodiment, the vaporization vessel 1 may include two or more of the trays 100.

[0035] Each tray 100 includes a bottom plate 110 with an upper surface 114 and a lower
surface 116, and through-holes 112 that extend through the bottom plate 110. The interior
volume 40 includes a lower portion 45 located below the trays 100. The trays 100 include
ducts 145 for forming a passageway that allows carrier gas to flow from the inlet 30 to the
lower portion 45 of the interior volume 40. The carrier gas then flows to the outlet 35 as
shown by the flow path FP in Figure 2. In an embodiment, a tube (not shown) may extend
from the inlet 30 to the lower portion 45, and the carrier gas at the inlet 30 flows through the
tube to reach the lower portion 45. In an embodiment, the locations of the inlet 30 and outlet
35 may be reversed. In such an embodiment, the flow path FP in Figure 2 would also be
reversed. Accordingly, it should be appreciated that for such an embodiment that the
descriptions provided below with respect to the flow of gas, the inlet 30, and/or the outlet 35
would be modified to generate a stream of reagent gas with lower metal impurities. Structural

features of the tray 100 in various embodiments are described in more detail below.

[0036] In an embodiment, the reagent is a metal halide. For example, the reagent may be at
least one of aluminum chloride, tungsten chloride, silicon iodide, cadmium chloride, and
tantalum chloride. In an embodiment, the reagent may be one of aluminum chloride and
tungsten chloride. In an embodiment, the reagent may be an inorganic or organometallic solid

capable of being vaporized with an inert gas in the vaporization vessel 1.

[0037] Figure 3 is a prospective view of a tray 200 for a vaporization vessel (e.g.,
vaporization vessel 1). Figure 4 is a cross-sectional view of the tray 200 along the diameter
Diz in Figure 3. The tray 200 includes a bottom plate 210, a side wall 230, a central duct 245
defined by an inner wall 240, and arms 250A, 250B, and through-holes 212. The tray 200 has
an interior space defined by the bottom plate 210 and the sidewall 230. The bottom plate 210
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in Figure 3 is generally flat. However, it should be appreciated that the bottom plate 210 in an
embodiment may have non-flat portions (e.g., curved portions, upwardly or downwardly

extending portions, etc.)

[0038] As shown in Figure 3, the tray 200 has four compartments 202 within the interior
space defined by the side wall 230, the inner wall 240, and the arms 250A. In an
embodiment, the tray 200 may have one or more compartments 202. The compartments 202
are configured to support and/or contain the solid reagent (e.g., solid reagent 50). The upper
surface 214 of the bottom plate 210 is configured to contact and support the solid reagent.
The arms 250A, 250B extend from the side wall 230. More specifically, the arms 250A,
250B extend between the side wall 230 and the inner wall 240. The arms 250A, 250B extend
inwardly (i.e. within the interior space of the tray 200). The arms 250A, 250B extend along
and are connected to the bottom plate 210. More specifically, the arms 250A, 250B extend
along and are directly connected to the upper surface 214 of the bottom plate 210. The arms
250A, 250B include first arms 250A and second arms 250B. The tray 200 in Figure 3
includes four of the first arms 250A and eight of the second arms 250B. In an embodiment,
the tray 200 may include one or more of the arms 250A, 250B. In another embodiment, the
tray 200 may include one or more of the first arms 250A, and one or more of the second arms

250B.

[0039] Each of the first arms 250A connects the side wall 230 to the inner wall 240. Each of
the first arms 250A extends along a diameter of the tray 200 (e.g., diameter Di1, diameter
Di2). The first arms 250A are provided in corresponding pairs, and the first arms 250A in
each corresponding pair extend along the same diameter of the tray 200 (e.g., diameter Dii,
diameter Di2). A first pair of the first arms 250A extends in a direction that is perpendicular to
a direction in which a second pair of first arms 250A extends. However, in an embodiment,
the tray 200 may include one or more the first arms 250A. In another embodiment, the one or
more first arms 250A may be arranged in corresponding pairs and/or to extend along a

diameter of the tray 200.

[0040] Each of the second arms 250B extends partially from the side wall 230 towards the
inner wall 240 (i.e. does not directly connect to the inner wall 240). Each of the second arms
250B extends along a diameter of the tray 200 (e.g., diameter Dis). One of the second arms
250B is provided between each pair of the first arms 250A that are adjacent. The second arms
250B are provided in corresponding pairs, and the second arms 250B in each corresponding

pair extends along a same diameter of the tray 200 (e.g., diameter Dis). However, in an
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embodiment, the tray 200 may include one or more of the second arms 250B. In another
embodiment, the one or more second arms 250B may not be arranged in corresponding pairs

and/or to extend along a diameter of the tray 200.

[0041] The bottom plate 210 has an upper surface 214 and a lower surface 216. The side wall
230 has an interior surface 232 and a top edge 234. The through-holes 212 extend through the
bottom plate 210 to fluidly connect the space below the bottom plate 210 to the interior space
of the tray 200. Tops 252 of the through-holes 212 are defined in the top surfaces 254 of the
arms 250A, 250B. The compartments 202 are located below the tops 252 of the through-holes
212. Accordingly, tops 252 of the through-holes 212 are configured to be located above the
solid reagent such that the solid reagent cannot fall and/or flow through the through-holes
212.

[0042] The inner wall 240 forms the central duct 245 that extends from the bottom plate 210.
The central duct 245 extends through the bottom plate 210 via a duct opening 218. The
central duct 245 is in the center of the tray 200 in Figures 3 and 4. However, the central duct
245 does not have to be in the exact center of the tray 200 in an embodiment. When multiple
of the trays 200 are stacked in the vertical direction Dv within a vaporization vessel (e.g.,
vaporization vessel 1), the ducts 245 allow carrier gas to flow from an inlet of the
vaporization vessel (e.g., inlet 30) to a lower portion of the internal volume of the

vaporization vessel (e.g., lower portion 45 of the internal volume 40 in Figure 2).

[0043] As shown in Figure 4, the inner wall 240 defines a recess 242 for receiving a seal
member 270. The seal member 270 in Figure 4 is an O-ring. In another embodiment, the seal
270 may be an E-ring. The seal member 270 contacts the tray above (e.g., the lower surface
of the tray above). The seal member 270 can provide a support surface for a second tray (e.g.,
a tray with a similar structure to the tray 200) stacked on the tray 200. In an embodiment, the
second tray can have a similar configuration as the first tray 200. In an embodiment, the
second tray may have a similar configuration to the first tray 200 except for having a different
height than the first tray 200. The height of the tray 200 being measured along the direction
Dv in Figure 2. The seal member 270 provides sealing between the duct 245 of the tray 200
and a duct of the second tray. For example, the seal member 270 provides sealing between
the inner wall 240 and a lower surface (e.g., the lower surface 216) of the second tray. When
the tray 200 is the top tray in the vaporization vessel (e.g., vaporization vessel 1), the seal
member 270 contacts the cover of the vaporization vessel (e.g., cover 10) and provides

sealing between the duct 245 and the inlet of the vaporization vessel (e.g., inlet 30). The seal
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member 270 is configured to prevent carrier gas from flowing directly from the duct 245 to
the interior space of the tray 200. The duct 245 in an embodiment is defined by the seal
member 270, the inner wall 240, and the duct opening 218 in the bottom plate 210.

[0044] In another embodiment, the inner wall 240 may not include the recess 242. In such an
embodiment, the upper edge 244 of the inner wall 240 is configured to contact the second
tray stacked on the tray 200 or the cover 10. In such an embodiment, the inner wall 240
extends higher than the top edge 234 of the side wall 230 (e.g., similar to the seal member
270 in Figure 4) to ensure that the inner wall 240 provides sealing between the duct 245 and
the duct of the second tray or the inlet (e.g., inlet 30). A small gap may be formed between
the top edge 234 of the side wall 230 and the lower surface of the second tray.

[0045] As shown in Figure 4, each of the through-holes 212 may include a lower portion 260
that is connected to and extends from the lower surface 216 of the bottom plate 210. The
lower openings 264 of the through-holes 212 are located in the ends of the lower portion 260
opposite to the bottom plate 210. As shown in Figure 4, the through-holes 212 extend below
the lower surface 216 of the bottom plate 210. A length (Lp of the lower portion 260 is greater
than a distance do (in the vertical direction Dv1) from a top of a corresponding through-hole
212 to the top of the tray 200 (e.g., to the upper surface of a seal member 270 when
compressed, to the top edge 244 of the inner wall 240). As such, when a second tray (e.g., a
tray with a similar structure to the tray 200) is stacked on the tray 200, carrier gas flowing
from the through-holes 212 must flow downward (i.e. opposite to the vertical direction Dv1)
and closer to the solid reagent (e.g., solid reagent 50) to flow into the through-holes of the
second tray. For example, Figure 2 shows the flow path FP for carrier gas, and how the
carrier gas has to flow downward when it flows from one tray 100 to the next. It should be
appreciated that the tray 200 in an embodiment may not include the lower portions 260. In
such an embodiment, the through-holes would extend through the bottom plate 210 to the
lower surface 216 of the bottom plate 210.

[0046] The seal 270 is made of an elastomeric material configured to be chemically
compatible with the carrier gas and the vaporized reagent. For example, an elastomeric
material is chemically compatible when it does not generate (through reacting with the
carrier gas or reagent, or by losing material) a detectable level of impurities when used in a
vaporization vessel. For purposes of this invention, a non-detectable level of impurities can
be, less than ten part per million (“ppm’”) of metal impurities relative to the amount of

vaporized reagent, or less than three ppm of metal impurities relative to the amount of
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vaporized reagent, or one ppm of metal impurities relative to the amount of vaporized
reagent. In an embodiment, the elastomeric material of the O-ring 270 may include one or

more FKM fluoroelastomers and/or FFKM perfluoroelastomers.

[0047] The tray 200 in Figure 3 is in a first position. The tray 200 may be rotated by 45
degrees in the circumferential direction Cp to reach a second position. The tray 200 is
configured such that none of the through-holes 212 in the second position overlap with a
position of one of the through-holes 212 when in a first position. As discussed above, a
plurality of the trays 200 are configured to be stacked in a vertical direction Dv within the
internal volume of a vaporizing vessel (e.g., the interior volume 40 of the vaporizing vessel
1). A first tray 200 is configured to be rotated relative to a second adjacent tray 200. For
example, the second adjacent tray 200 is a tray stacked on the first tray 200 or a tray on which
the first tray 200 is stacked. In an embodiment, the first tray 200 is rotated by 45, 135, 225, or
315 degrees relative to the second adjacent tray. Accordingly, none of the through-holes 212
in the first tray 200 overlaps with one of the through-holes 212 in a second adjacent tray 200
in the vertical direction Dv. As such, carrier gas must flow in at least one of a radial direction
or a circumferential direction to flow from the through-holes 212 of the first tray 200 to the
through-holes 212 of the second tray 200. When flowing in the circumferential direction
and/or radial direction, the carrier gas flows along the solid reagent (e.g., solid reagent 50),
which advantageously results in the generated stream of reagent gas more efficiently

vaporizing the solid reagent and/or having a larger concentration of vaporized reagent.

[0048] In an embodiment, the tray 200 can be made of a material comprising aluminum
alloy. In particular, the interior surface(s) of the tray 200 (e.g., the upper surface 214, the
inner surface 232, the surfaces of the arms 250A, 250B, the outer surface of the inner wall
240) are made of aluminum alloy. The aluminum alloy is configured to contact the solid
reagent without significantly reacting with the reagent as a solid or vapor. In an embodiment,
the aluminum alloy of the tray 200 is configured to be substantially unreactive with the
reagent. For example, the aluminum alloy is substantially unreactive as it does not generate
(through reacting with the carrier gas or reagent, and/or by losing material) a detectable level
of impurities when used in a vaporization vessel (e.g., cause an increase of 1 ppm or greater
of impurities in the stream of reagent gas flowing from the vaporization vessel 1 relative to

the vaporized reagent in the stream of reagent gas).

[0049] In an embodiment, the aluminum alloy advantageously does not significantly react

(i.e. is substantially unreactive) with a metal halide reagent. For example, the solid reagent is
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aluminum chloride and the aluminum alloy of the tray 200 advantageously does not
substantially react with the solid or vaporized aluminum chloride. Thus, the stream of
vaporized reagent produced using the tray 200 has a limited concentration of impurities. In
another embodiment, a coating is applied to the aluminum alloy tray to limit reaction with the

precursor material and impurity transport.

[0050] The bottom plate 210, the sidewall 230, inner wall 240, and arms 250A, 250B are a
single continuous piece. In an embodiment, the tray 200 is formed by machining a single
piece of material. However, it should be appreciated that the tray 200 in an embodiment may
be configured such that the arms 250A, 250B are non-destructibly removable as discussed

below regarding tray 500.

[0051] Figure SA is a prospective view of a tray 300 for a vaporization vessel (e.g.,
vaporization vessel 1). The tray 300 includes a bottom plate 310, through-holes 312, a
sidewall 330, a central duct 345 defined by an inner wall 340, and arms 350A, 350B. The
duct 345 extends through the tray 300 similar to the duct 245 in Figures 3 and 4.

[0052] The tray 300 having an interior space defined by the bottom plate 310 and the
sidewall 330. More particularly, the interior space is defined by the bottom plate 300, the
sidewall 330, and the inner wall 340. The tray 300 in an embodiment may also include lower
portions (not shown in Figure 5A) similar to the lower portions 260 of tray 200 and as

discussed above.

[0053] The arms 350A, 350B of tray 300 have a similar configuration as discussed above
regarding tray 200. In an embodiment, the arms 350A, 350B may be modified in a similar
manner (e.g., number, positioning) as discussed above regarding arms 250A, 250B. For
example, the tray 300 in an embodiment may include one or more of the arms 350A, 350B.
For example, the tray 300 in an embodiment may include one or more of the first arms 350A,

and one or more of the second arms 350B.

[0054] The through-holes 312 of the tray 300 are also configured in a similar manner to the
through-holes 212 of tray 200. In particular, the tray 300 is configured so that when it is
rotated by a specific amount in the circumferential direction (e.g., by 45 degrees, by 135
degrees), such that none of the through-holes 312 in the rotated position overlaps with a

position of one of the through-holes 312 in the pre-rotated position.

[0055] In another embodiment to reduce the level of impurities, the vaporization vessel or

parts of the vaporization vessel (i.e. tray) is coated with graphite or made of graphite, the tray
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300 is made of a material comprising graphite and/or treated graphite. In an embodiment,

treated graphite is graphite that has been surface treated.

[0056] For example, a surface treatment for the vaporization vessel or trays coated with
graphite can be a pyrolytic treatment that provides a pyrolytic coating that seals the graphite.
In certain examples, the pyrolytic treatment uses pyrolytic carbon to trap the graphite
particles and coat the tray with graphite. In such embodiments, the tray is comprised of
polycrystalline graphite with an amorphous carbon content not less than 20% or more than
80% of the volume. The graphite will have a particle size averaging between 1-micron and
12-micron and a volumetric density between 1.50g/cm3 and 1.90g/cm3. Surrounding the
graphite will be a pyrolytic carbon treatment that infiltrates the near surface porosity to a
depth of 0.1 and provides a maximum coating thickness on top of the graphite of 50-micron.
The graphite treatment on the trays allows for reduced amount of detectable impurities

relative to the amount of vaporized agent (see Table 1 below).

[0057] In an embodiment, the bottom plate 310, sidewall 330, inner wall 340, arms 350A,
350B are made of graphite. In an embodiment, the bottom plate 310, sidewall 330, inner wall

340, and arms 350A, 350B are made of a single continuous piece of graphite.

[0058] In some embodiments in which the trays are coated or made of graphite, the tray 300
includes contacting structures 380 that can decrease rubbing between the tray 300 and a

similar tray stacked on the tray 300.

[0059] The contacting structures 380 are located along an inner surface 332 of the sidewall
330. The tray 300 in Figure SA has four contacting structures 380, as an example. In an
embodiment, the tray 300 may include two or more of the contacting structures 380. In
another embodiment, the tray 300 may include four or more of the contacting structures 380.
Each contacting structure 380 in Figure 5A is directly connected to the upper surface 314 of
the bottom plate 310 and the inner surface 332 of the side wall 330. However, the contacting
structure(s) 380 in an embodiment may be located near the side wall 330 (e.g., closer to the
side wall 330 than to the inner wall 340) without being directly connected to the side wall

330.

[0060] Each of the contacting structures 380 has an upper surface 382 for an elastic member
390. For illustration purposes, the elastic member 390 is omitted from one of the contacting
structures 380 in Figure SA. As shown in Figure 5A, the upper surface 382 of the contacting

structure 380 includes an inset portion 384 for holding the elastic member 390. Each of the
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elastic members 390 extends upwardly (e.g., in a vertical direction Dv2) beyond the top edge
334 of the side wall 330. The elastic members 390 are made of an elastomeric material that is
chemically compatible with the carrier gas and the vaporized reagent. In an embodiment, the
elastic member 390 is made of an elastomeric material as similarly discussed above regarding

the seal member 270.

[0061] As discussed above, tray 300 is configured so that when it is rotated by a specific
amount in the circumferential direction (e.g., by 45 degrees, by 135 degrees), none of the
contacting structures 380 in the rotated position overlaps with a position of one of the
through-holes 312 in the pre-rotated position. Accordingly, when a second tray with a similar
configuration to tray 300 is stacked on the tray 300, none of the through-holes in the second

tray overlaps with any of the contacting structures 380 of the tray 300.

[0062] The contacting structures 380 can provide support surfaces for a second tray stacked
on the tray 300, while reducing the amount of rubbing between the non-elastomer surfaces of
the tray 300 and the lower surface(s) of the tray stacked above. In particular, the contacting
structures 380 may be advantageous when the surfaces of the tray 380 are made of a material

with low abrasion resistance.

[0063] In an embodiment, the tray or vaporization vessel can be made of or coated with
nickel. The nickel material is chemically compatible with a metal halide reagent to reduce the
level of detectable impurities. The trays or vaporization vessel can be coated using
deposition techniques, including but not limited to, chemical vapor deposition, physical vapor
deposition, sputter deposition, and any other related technique known in the relevant art. In
an embodiment, using sputtering deposition to coat the nickel material on a graphite tray, the

level of impurities significantly decreases.

[0064] Table 1 shows the comparison of the level of iron (impurities) detected relative to the
vaporized reagent, in a stainless steel vaporization vessel compared to a vaporization vessel
that is coated with nickel or graphite. In this example, the transportation of the vaporization
vessel at 40 Torr, 200 sccm Ar carrier gas, and 150 degrees C. The solid reagent was a metal

halide reagent (WCI6).
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Table 1
With Transport 1 | Transport 2 | Transport3 | Transport4 | Transport
stainles | (Ni/Graphite | (Ni/Graphite | (Ni/Graphite | (Ni/Graphite | 15(Ni/Graphite
ssteel |) ) ) ) )

Iro | 256.1 1.8 ppm 1.3 ppm 1.2 ppm 1.1 ppm 0.6 ppm

n

[0065] The inner wall 340 includes a recess 342 for receiving a seal member (e.g., the seal
member 270). The seal member would be provided in the recess 342 in tray 300 in a similar
manner described above for tray 200 in Figure 4. The duct 345 and the seal member forming
a passageway that allows carrier gas to pass all the way through the tray 300. The seal
member provides sealing between the duct 345 and the duct of a second tray stacked on tray
300. In an embodiment, the seal member and the inner wall 340 have a similar configuration

as described above for the seal member 270 and inner wall 340 in Figure 4.

[0066] Figure 5B is a prospective view of the elastic member 390 in Figure SA. Figure 5C is
a cross-sectional view of the elastic member 390 in Figure 5B along line 5C-5C. Figure 5D is
a cross-sectional view of the elastic member 390 in Figure 5B along line 5C-5C. The
elastomeric member 390 is configured to not create a virtual leak when compressed between
trays or a tray and the cover of the vaporization vessel (e.g., cover 10). As shown in Figures
5D and 5C, the elastic member 390 has a lenticular shape. More specifically, each of an
upper surface 392 and a lower surface 394 of the elastic member 390 is convex. An apex Al
of the convex lower surface 394 and an apex Az of the convex upper surface 392 contact the
tray 300 and a second tray stacked on the tray 300. Accordingly, the elastic member 390 does

not create a virtual leak when compressed.

[0067] Figures 6A is a prospective view of a further embodiment 390A of the elastic
member. Figure 6B is a cross-sectional view of the elastic member 390A in Figure 6A along
line 6B-6B. Figure 6A and 6B illustrate an alternative shape for the elastic member 390 in
Figures 5A — 5D. The elastic member 390A is a partial o-ring. More specifically, the elastic
member 390A is a half o-ring. In an embodiment, the elastic member 390A is placed in the

recess of the inset portion 384 of the tray 300. The elastic member 390A has an opening
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392A that remains open even when the elastic member 390A is compressed between stacked
trays. When the elastic member 390A is compressed, the opening 392A allows gas in a
central space 394A of the elastic member 390A to escape. Accordingly, the elastic member

390A does not create a virtual leak when compressed.

[0068] Figure 6A is a prospective view of an embodiment of a tray 400 for a vaporization
vessel (e.g., vaporization vessel 1). The tray 400 includes a bottom plate 410, a side wall 430,
a duct 445 defined by an inner wall 440, and a plurality of tubes 450. Figure 6B is view of
one of the tubes 450 in Figure 6A along the bottom plate 410. The bottom plate 410 includes
an upper surface 414, a lower surface 416, and apertures 422. The apertures 422 extend
through a width We of the bottom plate 410 (e.g., from the upper surface 414 to the lower
surface 416). A tube 450 has a top 452, a lower opening 464, and an outward projection 455.
The outward projection 455 has an outer shape (e.g., outer diameter) that is configured for

being press-fit into one of the apertures 422 of the bottom plate 410.

[0069] The tray 400 is assembled by the outward projection 455 of each tube 450 being
press-fit into a respective one of the apertures 422 of the bottom plate 410. Each press-fit tube
450 is then welded to the bottom plate 410. The outward projection 455 advantageously
allows a seam 480 between a tube 450 and the bottom plate 410 to not be along the vertical
surface 467 of the tube 450 (e.g., a direction across the seam 480 is along a plane of the
bottom plate 410). More specifically, the outward projection spaces apart (e.g., by a distance
ds) the seam 480 and the vertical surface 467 of the tube 450, when the tray 400 is viewed
along the vertical direction Dv. This spacing allows the tubes 450 to be welded in a direction
Dp that is perpendicular to the upper surface 414. The distance ds may be based on, for
example, but not limited to, the width We of the bottom plate 410. In an embodiment, the
distance ds from the vertical surface 467 of the tube 450 to the seam 480 may be equal to or
greater than 0.5 the thickness We of the bottom plate 410 (i.e., ds> 0.5 We). Because the
tubes 450 are adequately spaced apart from each other, the side wall 430 and the inner wall
440 allow for an adequate amount of purge gas to be provided during welding such that the
weld surface can be kept clean, which lowers impurity formation at the weld. For example,
the spacing of the seam 480 allows for the tubes 450 to be welded to the bottom plate 410
using laser welding. For example, the laser welding may be, but is not limited to, CO2 laser
welding and E-beam welding. The configuration of the tubes 450 also allows for automated
laser welding (e.g., COz laser welding, E-beam welding) to be used to weld the tubes 450 to
the tray 400.
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[0070] Each tube 450 also includes an upper portion 465 that extends above the upper
surface 414 of the bottom plate 410 and a lower portion 460 that extends below the lower
surface 416 of the bottom plate 410. The upper portion 465 has a length Lup1 and the lower
portion 460 has a length {rp2. In a similar manner as discussed above regarding the length {rp
of the lower portion 260 in Figure 4, the length {Lp2 of the lower portion 460 is configured to
be larger than a distance do1 between a top 452 of a corresponding through-hole 412 and the
top edge 434 of the side wall 430. The distance do1 is along the vertical direction Dvs.
Accordingly, when multiple of the trays 400 are stacked on each other in the vertical
direction Dvs within a vaporizer vessel (e.g., vaporization vessel 1), the carrier gas flowing
from the upper openings 464 of tubes 450 in a lower tray flows downward (e.g., in the

vertical direction Dys) before flowing into the tubes 450 of an upper tray.

[0071] A flange 442 extends from the upper end of the inner wall 440. The flange 442
includes an inset surface 444 for an attaching a seal (e.g., seal 270 in Figure 4) that provides
sealing between the duct 445 and a duct 445 of a second tray stacked on the tray 400. In a
similar manner to the seal 270, a seal would extend above a top edge 434 of the side wall

430.

[0072] The tray 400 is composed of a metal material. In certain embodiments of the
invention, the tray 400 can be made of a material comprising stainless steel (e.g., 316L

stainless steel). Aluminum alloys, graphite, or nickel.

[0073] As discussed above, a plurality of the trays 400 may be stacked in a vertical direction
Dv within a vaporizing vessel (e.g., within the interior volume 40 of the vaporizing vessel 1
in Figures 1A-B). When the trays 400 are stacked within the vaporizing vessel, each tray 400
is configured to be rotated (e.g., rotated in the circumferential direction Dc1) relative to an
adjacent tray 400 (e.g., a second adjacent stacked on the first tray 400, a second adjacent tray
on which the first tray 400 is stacked). For example, the tray 400 as shown in Figure 6A is in
a first position, an adjacent tray 400 would have second position, and different between the
first position and the second position is a rotation of 180 degrees. The tray 400 is configured
such that when rotated by 180 degrees, none of the through-holes 412 overlap with a position
of the through-holes 412 before the tray 400 was rotated. Accordingly, none of the through-
holes 412 of a first tray 400 overlaps with a through-hole 412 of an adjacent second tray 400
in the vertical direction Dv. As such, carrier gas must flow in at least one of a radial direction
or a circumferential direction to flow from the through-holes 412 of the first tray 400 to the

through-holes 412 of the second adjacent tray 400. When flowing in the circumferential
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direction and/or radial direction, the carrier gas flows along the solid reagent (e.g., solid
reagent 50), which advantageously results in the generated stream of reagent gas more
efficiently vaporizing the solid reagent and/or having a larger concentration of vaporized

reagent.

[0074] Figure 8A is a prospective view of an embodiment of a tray 500 for a vaporization
vessel (e.g., vaporization vessel 1). Similar to the tray 300, the tray 500 includes a bottom
plate 510 with an upper surface 514, a side wall 530, a central duct 545 defined by an inner
wall 540, and arms 550A, 550B. The tray 500 has a lower surface (not shown in Figures 8 A
and 8D) similar to tray 200 (e.g., lower surface 216). The tray 500 includes an interior space
defined by the bottom plate 510 and the side wall 530. More specifically, the interior space is
defined by the bottom plate 510, the side wall 530, and the inner wall 540.

[0075] The arms 550A, 550B are separately formed then secured within the interior space of
the tray 500 by screws 590. The arms 550A, 550B include first arms 550A and second arms
550B in a similar arrangement as the arms 250A, 250B of tray 200. Figure 8B shows a
prospective view of one of the first arms 550A. Figure 8C shows a prospective view of one of
the second arms 550B. Figure 8D is a top view of the tray 500 without the arms 550A, 550B.
Dashed lines are provided in Figures 8B and 8C for illustrating edges and corresponding
surfaces that would not be visible in their respective prospective views. The screws 590
extend through holes 536 in the side wall 530 or holes 522 in the bottom plate 510 to secure
the arms 550A, 550B within the interior space.

[0076] As shown in Figure 8B, a first arm 550A includes a first end 580A, a second end
582A, atop surface 554A, a bottom surface 584 A, and apertures 586A. The apertures 586A
extend through the first arm 550A (e.g., from the top surface 554A to the bottom surface
584A). The first arm 550A also includes screw-holes 592 in the first end 580A and the
bottom surface 584 A that are configured to receive a screw 590 for attaching the first arm

550A to the bottom plate 510 and the sidewall 530.

[0077] As shown in Figure 8C, a second arm 550B includes a first end 580B, a top surface
554B, a bottom surface 584B, and apertures 586B. The apertures 586B extend through the

second arm 550B (e.g., from the top surface 554B to the bottom surface 584B). The second
arm 550B also includes screw-holes 592 in the first end 580B and the bottom surface 584B
that are configured to receive a screw 590 for attaching the second arm 550B to the bottom

plate 510 and the sidewall 530.
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[0078] As shown in Figure 8D, the bottom plate 510 includes apertures 520 and holes 522.
Each of the holes 522 is for affixing an arm 550A, 550B to the bottom plate 510 with a
screw. When the tray is assembled as shown in Figure 8A, the tray 500 includes through-
holes 512 that extend from at least the lower surface of the tray 500 to the interior space of
the tray 500. Each through-hole 512 is formed by a respective one of the apertures 520 in the
bottom plate 510 and a respective one of the apertures 586A in the arms 550A, 550B.

[0079] In an embodiment, the tray 500 may also include lower portions (not shown in
Figures 8A — 8D) similar to the lower portions 260 in Figure 4. Each through-holes 512 is
formed by one of the lower portions, one of the apertures 520 in the bottom plate 510, and a
respective one of the apertures 586A, 586B in the arms 550A, 550B. For example, an upper
portion of a through-hole 512 would be provided by an aperture 586A, 586B in an arm 550A,
550B, a middle portion of the through-hole 512 would be provided by an aperture 520 in the
bottom plate 510, and a lower portion of the through-hole 512 would be provided by a lower
portion (e.g., one of the lower portions 260 in Figure 4). In such an embodiment, one of the
lower portions may be affixed to the lower surface of the bottom plate 510. In another
embodiment, the lower portions may be provided on the bottom surfaces 584 A, 584B of the
arms 550A, 550B and extend through the apertures 520 in the bottom plate 510.

[0080] The tray 500 in Figure 8A is assembled by positioning the arms 550A, 550B on the
bottom plate 510 within the tray 500, and inserting the screws 590 into each corresponding
pair of screw-holes 592 and holes 522, 536 in the bottom plate 510 or side wall 530. In an
embodiment, an arm 550A, 550B may have one or more screw-holes 592 in the first end
580A, 580B and the bottom surface 584A, 584B. In another embodiment, an arm 550A,
550B may have one or more screw-holes 592 in just the first end 580A, 580B. In such an
embodiment, the bottom plate 510 would not include the holes 522.

[0081] Accordingly, the tray 500 has arms 550A, 550B which are (non-destructibly)
removable. The removability of the arms 550A, 550B allows for better cleaning of the tray
500, which advantageously lowers impurity formation. In an embodiment, the arms 550A,
550B may be affixed by welding instead of by screws 590. In an embodiment, the arms
550A, 550B being affixed by welding can reduce virtual leaks caused by the tray 500 in
which moisture from the cleaning of the tray 500 if present can be trapped and cause an
increase impurity formation. In such an embodiment, the arms 550A, 550B would not be

(non-destructibly) removable.
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[0082] The tray 500 comprises a metal material. For example, the tray 500 may be made of a
material comprising iron, aluminum, graphite, or stainless steel. In an embodiment, the tray

500 may be made of an aluminum alloy as discussed above regarding tray 200.

[0083] Figure 9A is a block diagram of a method 800 of assembling a tray (e.g., tray 400 in
Figure 7A) according to an embodiment. The method 800 starts at 810. At 810, a first tray
portion is formed that includes a bottom plate (e.g., bottom plate 410), a side wall (e.g., side
wall 430), an interior space defined by the bottom plate and the side wall, and one or more
apertures (e.g., apertures 422) that extend through the bottom plate. The first tray portion in
an embodiment may be formed by machining a single piece of material. In another
embodiment, the first tray portion may be formed by attaching (e.g., welding) at least the side
wall to the bottom plate. The method then proceeds to 820.

[0084] At 820, tubes (e.g., tubes 450) are press-fit through the apertures in the bottom plate.
Each tube is press-fit into a respective one of the apertures in the bottom plate. Each tube
includes an outward projection (e.g., outward projection) that extends around the tube. Each
tube is press-fit such that its outward projection is positioned in its respective aperture in the
bottom plate. Each press-fit tube includes an upper portion (e.g. upper portion 465) that
extends into the interior space of the tray. In an embodiment, each press-fit tube may also
include a lower portion (e.g., lower portion 465) that extends beyond the lower surface of the

bottom plate (e.g., lower surface 416). The method then proceeds to 830.

[0085] At 830, each of the press-fit tubes is welded to the bottom plate (e.g., CO2 welded).
As each of the tubes has an outward projection, the seam between each tube and the bottom
plate (e.g., seam 480) is not along the vertical surface of the tube (e.g., vertical surface 467).
For example, a direction across the seam is along a plane of the bottom plate. Each of the
press-fit tubes is welded at an angle (e.g., along direction Dy in Figure 7B) that is
perpendicular to an upper surface of the bottom plate (e.g., upper surface 414). The bottom
plate and the tubes are made of a metal material so that the tubes can be welded to the bottom

plate.

[0086] Figure 9B is a block diagram of an embodiment of a method 900 for assembling a tray
(e.g., tray 500 in Figure 8A). The method 900 starts at 910. At 910, a first portion is formed
that includes a bottom plate (e.g., bottom plate 510), a side wall (e.g., side wall 530), an
interior space defined by the bottom plate and the side wall, and one or more apertures (e.g.,

apertures 522) that extend through the bottom plate. The first portion in an embodiment may
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be formed by machining a single piece of material. In another embodiment, the first portion
may be formed by attaching (e.g., welding) at least the side wall to the bottom plate. The
method then proceeds to 920.

[0087] At 920, one or more pre-made arms (e.g., arm 550A, arm 550B) are placed in the tray.
More specifically, the one or more pre-arms are placed in the interior space of the tray. The
one or more pre-made arms include apertures (e.g., apertures 584 A, apertures 584B) that
extend through the arms. In an embodiment, the first portion includes an inner wall that forms
a duct (e.g., inner wall 540). In an embodiment, the one or more pre-made arm(s) are placed
in the interior space that is between the inner wall and the side wall. The method 900 then

proceeds to 930.

[0088] At 930, the pre-made arms are arranged within the tray such that the aperture(s) in the
arm(s) align with corresponding apertures in the bottom plate. Through-holes (e.g., through-
holes 512) are formed corresponding pairs of apertures in the arm(s) and the bottom plate.
The through-holes extending from the bottom surface of the bottom plate to the interior of
tray. In an embodiment, the first portion may also include lower portions (e.g., lower portions
260 in Figure 4). The lower portions extend from the lower surface of the bottom plate, and
one of the lower portions is provided for each aperture in the bottom plate. In such an
embodiment, each through-hole is formed by one of the apertures in the bottom plate, one of
the apertures in the pre-made arm(s), and one of the lower portions. It should be appreciated
that 920 and 930 might be combined in some embodiments. The method then proceeds to
940.

[0089] At 940, the pre-made arm(s) are secured to the first portion. In an embodiment,
securing the pre-made arm(s) to the first portion may include screwing the pre-made arm(s)
to the first portion. The pre-made arm(s) are screwed to the first portion with screws (e.g.,
screws 590). Each of the pre-made arm(s) includes one or more holes (e.g., screw-holes 592)
configured to receive a screw (e.g., screw 590). The pre-made arm(s) may each have holes
for securing the pre-made arm to the bottom plate and holes for securing the pre-made arm to
the side wall. In an embodiment, the pre-made arm may have holes for securing the pre-made
arm to just the side wall. In another embodiment, securing the pre-made arm(s) to the first
portion may include welding each of the one or more pre-made arm(s) to the first portion.
The pre-made arms may be welded to the first portion through the bottom surface of bottom
plate. For example, holes (e.g., holes 592) may be utilized to weld each of the pre-made

arm(s) to the first portion. In an embodiment, the pre-made arm(s) may be secured to the first
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portion with a fillet weld. In another embodiment, pre-made arm(s) may be secured to the

first portion with a high-purity adhesive or with brazing of the pre-made arm(s).

[0090] The examples of the embodiments disclosed in this application are to be considered in
all respects as illustrative and not limitative. The scope of the invention is indicated by the
appended claims rather than by the foregoing description; and all changes which come within

the meaning and range of equivalency of the claims are intended to be embraced therein.
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CLAIMS
What is claimed is:

1. A tray for a vaporization vessel, the tray comprising:

a bottom plate having a surface configured to support a solid reagent;

a side wall;

an interior space defined by the bottom plate and the side wall;

one or more through-holes that extend through the bottom plate, the one or more
through-holes extending above the surface of the bottom plate; and

a central duct extending through and away from the bottom plate;

wherein the central duct is configured to fluidly connect with at least one other tray

stacked on top of or below the first tray to allow a carrier gas to flow through the tray.

2. The tray of claim 1, further comprising:
one or more contacting members located along an inner surface of the side wall, with
each of the one or more of the contacting members comprising an elastic member extending

upwardly beyond a top edge of the side wall.

3. The tray of claim 2, wherein the elastic member is chemically compatible with the solid

reagent.

4. The tray of claim 3, wherein the solid reagent is a metal halide from a group consisting of
aluminum chloride, tungsten chloride, silicon iodide, cadmium chloride, and tantalum

chloride

5. The tray of claim 1, wherein an inner wall forms the central duct, the inner wall defining a
recess for a seal and wherein the seal is made of an elastomeric material configured to be

chemically compatible with the carrier gas and the reagent.
7. The tray of claim 1, wherein when the tray is rotated, none of the one or more through-

holes overlaps with a previous position of one of the one or more through-holes so that the

carrier gas flows along the solid reagent.
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8. The tray of claim 1, wherein an inner wall forms the central duct, the inner wall having an

upper surface that extends above a top edge of the side wall.

9. The tray of claim 1, wherein the tray is coated or made of a material comprising at least

one of graphite, nickel, stainless steel, and an aluminum alloy.

10. The tray of claim 9, wherein the tray is made of aluminum alloy and the reagent is a metal

halide reagent.

11. The tray of claim 9, wherein the tray is coated with nickel using sputtering deposition.

12. The tray of claim 9, wherein the tray coated with graphite, and is comprised of
polycrystalline graphite with an amorphous carbon content not less than 20% or more than

80% of the volume.

13. A vaporization vessel comprising:

a housing;

a first tray located within the housing, the first tray comprising: a bottom plate, a side
wall, one or more through-holes that extend through and above the bottom plate, a first
central duct extending through and away from the bottom plate, and a surface for supporting
a solid reagent to be vaporized,

one or more trays each stacked on top of or below the first tray within the vaporizer
vessel, the central duct of the first tray fluidly connected with the one or more trays to allow a

carrier gas to flow through the one or more trays.

14.  The vaporization vessel of claim 13, wherein the one or more trays includes a second

tray, the second tray having a same configuration as the first tray, the second central duct of

the second tray aligned and fluidly connected with the first central duct of the first tray,
wherein the second tray is rotated such that none of the through-holes of the first tray

overlaps with a corresponding through-hole of the second tray.
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15.  The vaporization vessel of claim 13, wherein when the one or more tray is rotated so
that none of the one or more through-holes overlaps with a previous position of one of the

one or more through-holes so that the carrier gas flows along the solid reagent.

16. The vaporization vessel of claim 13, further comprising:
a seal directly fluidly connecting the first central duct of the first tray and the second
central duct of the second tray, the first tray including an inner wall that forms the central

duct, and the seal directly contacting the inner wall and the second tray.

17. The vaporization vessel of claim 13, wherein the seal is made of an elastomeric material

configured to be chemically compatible with the carrier gas and the reagent.

18.  The vaporization vessel of claim 13, wherein the first tray includes one or more
contacting members located along an inner surface of the side wall, with each of the one or
more of the contacting members comprising an elastic member extending upwardly beyond a

top edge of the side wall.

19. The vaporization vessel of claim 13, wherein the vaporizer vessel is configured to
provide a stream of reagent gas that contains equal to or less than ten part per million of metal

impurities relative to the amount of vaporized reagent.

20. A method of assembling a vaporization vessel as described in claim 13, comprising

forming a first tray that comprises a side wall, a bottom plate, an interior space
defined by the side wall and the bottom plate, and one or more apertures that extend through
the bottom plate;

placing one or more pre-made arms in the first tray;

aligning the pre-made arms so that one of apertures in the pre-made arms is provided
for each of the apertures in the bottom plate so as to form through-holes each of which
extends through the bottom plate and one of the one or more pre-made arms; and

securing the one or more pre-made arms to the first portion.
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