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(57) Abstract: An ampoule having a container, an inlet port, an outlet
\\ port, splashguard and a diffuser. The diffuser is disposed within a cavity
of the container and comprises a feed tube and a nozzle. The feed tube
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AMPOULE SPLASH MITIGATION

BACKGROUND
Field

[0001] Embodiments described herein generally relate to reducing splashes within

an ampoule.

Description of the Related Art

[0002] In many instances, ampoules provide a vaporized precursor material to a
process system for the processing of a substrate. For example, a carrier gas may be
flowed into the ampoule, as the ampoule is heated, to agitate the precursor and to
cause the vaporized precursor to flow through an output of the ampoule. Further, to
achieve higher output rates, the rate at which the carrier gas is provided to the ampoule
is increased. However, increasing the rate at which the carrier gas is provided to the
ampoule may overly agitate the precursor material, causing splashes. If the splashes
reach the output port of the ampoule, the splashes may prevent, or at least, limit the
flow of the vaporized precursor out of the ampoule, and processing of the corresponding

substrate may be detrimentally impacted.

[0003] Thus, there is a need for an improved ampoule that reduces the splashes

within an ampoule.

SUMMARY

[0004] In an embodiment, an ampoule comprises a container, an inlet port, output
port, a diffuser and a splashguard. The container comprises a bottom, a sidewall and a
lid enclosing a cavity. The diffusor is coupled to the inlet port and is disposed within the
cavity and comprises a feed tube and a nozzle. The feed tube is coupled to the inlet
port and the nozzle is coupled to the feed tube. The nozzle has a closed ring shape
and comprises a plurality of holes. A centerline of each of the plurality of holes is
oriented at or below a horizontal line of the nozzle. The splashguard is coupled to the

output port.
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[0005] In an embodiment, an ampoule comprises a container, an inlet port, an output
port and a diffuser. The container comprises a bottom, a sidewall and a lid enclosing a
cavity. The diffuser is coupled to the inlet port and is disposed within the cavity and
comprises a feed tube and a nozzle. The feed tube is coupled to the inlet port and the
nozzle is coupled to the feed tube. The nozzle has a closed ring shape and comprises
a plurality of holes. An inner diameter of the nozzle is greater than an inner diameter of

the feed tube. The splashguard is coupled to the output port.

[0006] In an embodiment, an ampoule comprises a container, an inlet port, an output
port, a diffuser, and a splashguard. The container comprises a bottom, a sidewall and a
lid enclosing a cavity. The diffusor is coupled to the inlet port and is disposed within the
cavity and comprises a feed tube and a nozzle. The feed tube is coupled to the inlet
port and the nozzle is coupled to the feed tube. The nozzle comprises a plurality of
holes and a cross-section area of the plurality of holes is larger than an inner diameter

of the feed tube. The splashguard is coupled to the output port.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] So that the manner in which the above recited features of the present

disclosure can be understood in detail, a more particular description of the disclosure,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the appended
drawings illustrate only typical embodiments of this disclosure and are therefore not to
be considered limiting of its scope, for the disclosure may admit to other equally

effective embodiments.

[0008] Figure 1 illustrates a portion of an ampoule, according to one or more

embodiments.

[0009] Figure 2 illustrates a front view of a nozzle, according to one or more

embodiments.



WO 2020/122884 PCT/US2018/065049

[0010] Figure 3 illustrates a perspective view of a nozzle, according to one or more

embodiments.

[0011] Figure 4 illustrates a cross-section of a nozzle, according to one or more

embodiments.

[0012] Figure 5 illustrates a cross-section of a nozzle and a feed tube, according to
one or more embodiments.

[0013] Figure 6 illustrates a splashguard, according to one or more embodiments.

[0014] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. It is
contemplated that elements disclosed in one embodiment may be beneficially utilized

on other embodiments without specific recitation.

DETAILED DESCRIPTION

[0015] Described herein are ampoules having improved efficiency. Ampoules may
commonly be used to provide precursor material to a process system for the processing
of a substrate. For example, an ampoule converts a liquid precursor, through a
bubbling action of a carrier gas in the presence of heat such, to a vaporized state. The
vaporized precursor flows out of an output port of the ampoule and to a connected
process system. However, as the bubbling action is applied to the liquid precursor, the
force at which the carrier gas is applied to the liquid precursor may cause the liquid
precursor to become overly agitated, generating splashes within the ampoule. A
splashguard is provided to substantially prevent splashes from entering the output port,
and limiting the amount of vaporized precursor that may flow out of the ampoule. Thus,
the ampoule with the splashguard advantageously limits splashes within the ampoule

which enhances processing of substrates.

[0016] Figure 1 illustrates ampoule 100, according to one or more embodiments.
The ampoule 100 comprises a container 110, an inlet port 120, an output port 130, a

diffuser 140, and splashguard 150. The ampoule 100 may be used with semiconductor
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manufacturing precursors. For example, the ampoule 100 may be utilized to provide a
precursor during the processing of a substrate. The ampoule 100 may provide the
precursor to a process chamber to deposit a material on a substrate, for example by an
atomic layer deposition (ALD) process. The liquid precursor is vaporized within the
ampoule 100 by a combination of heat and agitation, to provide the vaporized precursor
to the process chamber. The term “precursor” is used to describe liquid compounds
vaporized in the ampoule 100 that may be flowed from the ampoule 100 into a process
chamber or other process environment in a vaporized state for use in a deposition or

other semiconductor fabrication process.

[0017] The container 110 may include sidewall 112, lid 114 and bottom 116 defining
a cavity 118. The lid 114 may be secured to the sidewall 112 to fully enclose cavity 118
except for one or more ports. For example, the inlet port 120 and output port 130 may
pass through the lid 114. Further, one or more other ports may be placed within one or
more of the sidewall 112, the lid 114 and the bottom 116. For example, a refill port may
be placed within the sidewall 112 or the lid 114 and utilized to refill the container 110
with additional liquid precursor.

[0018] The container 110 may be substantially cylindrical in shape. Alternatively, the

container 110 may have other shapes.

[0019] The lid 114 may be a separate component from the sidewall 112 and
attached to the sidewall 112 to define the cavity 118. For example, the lid 114 may
connected to the sidewall 112 through a welding process or through the use of one or
more bolts or other connecting devices. While not shown, a sealing member may be
disposed between the lid 114 and the sidewall 112 to prevent leakage. The sealing

member may be an O-ring or other seal.

[0020] The inlet port 120 provides a connection to an external carrier gas source.
Further, the inlet port 120 provides a passageway for carrier gasses to flow through the
lid 114 and into the cavity 118. The inlet port 120 may include an inlet valve that

controls the flow of gasses through the inlet port 120 into the cavity 118.
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[0021] The output port 130 allows a vaporized precursor to flow from the cavity 118
to a process chamber or other environment through one or more gas lines. Further, the
output port 130 may provide a passageway for gasses to flow out of the cavity 118 and
through the lid 114. The inlet port 120 may include an outlet valve that controls the flow
of gasses through the output port 130.

[0022] The diffuser 140 may be coupled to the inlet port 120 and may provide a path
for gas to flow from an external source to the cavity 118. The diffuser 140 may include
feed tube 142 and nozzle 144. The feed tube 142 may be coupled to the inlet port 120
and the nozzle 144, and allows a carrier gas to flow from the inlet port 120 and the
nozzle 144. The feed tube 142 may be substantially parallel to the sidewall 112, i.e.,
the feed tube 142 may have a substantially vertical orientation. Alternatively, one or

more portions of the feed tube 142 is non-parallel to the sidewall 112.

[0023] The nozzle 144 is coupled to the feed tube 142. The nozzle 144 may form a

complete, continuous ring. Alternatively, the nozzle 144 may have other shapes.

[0024] Further, the nozzle 144 comprises holes 146. The nozzle 144 may be
disposed proximate the bottom 116 of the container 110. Further, the nozzle 144 may
provide a path for a carrier gas to be carried and released at the bottom 116 of the
container 110 to agitate the precursor contained within the cavity 118. The agitated
precursor becomes vaporized such that the vaporized precursor flows through the

output port 130.

[0025] The nozzle 144 may be configured to reduce splash generation within the
ampoule 100. For example, the nozzle 144 may comprises holes 146 distributed over
one or more portions of the nozzle 144. One or more of the size and location of the
holes 146 may be configured to increase the efficiency of the carrier gas. The small
bubbles of the carrier gas may have a combined surface area that is larger than larger
bubbles, which reduces splashes caused by the bubbles and increase efficiency of the
carrier gas. Increasing efficiency of the carrier gas may correspond to decreasing the
amount of carrier gas that is required to cause the vaporized precursor liquid to flow out

of the cavity 110 through the output port 130.
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[0026] As shown in Figures 2 and 3, the holes 146 may be distributed over one or
more of a bottom portion 224 of the nozzle 144, an interior portion 228 of the nozzle, an
exterior portion 226 of the nozzle 144. The top portion 222 of the nozzle 144 may be
free from holes 146. Such a configuration may reduce splash generation as compared
to other nozzles as the carrier gas is directed away from the top (e.g., lid 114) of the
container 110. Stated differently, the holes 146 are arranged such that the average

vector of gas exiting the holes has no directional component toward the lid 114.

[0027] The diameter of the holes 146 may be selected to diffuse the carrier gas while
reducing splashes within the ampoule 100. For example, each of the holes 146 may
have a diameter in a range of about 10 mm to about 40 mm. Further, each of the holes
146 on each portion of the nozzle 144 may have a substantially similar diameter.
Alternatively, the holes on a first portion of the nozzle 144 may have a first diameter,
and the holes on a second portion of the nozzle 144 may have a second diameter,
different than the first. Further, the holes on a first portion of the nozzle 144 may have a
common diameter, and one or more of the holes on a second portion of the nozzle 144
differ in diameter.

[0028] The holes 146 on each portion of the nozzle 144 may be equally spaced on
the nozzle 144. For example, the distance between the holes 146 may be in a range of
about 4 mm to about 8 mm. Alternatively, the distance between the holes 146 may be
less than about 4 mm or greater than about 8mm. Further, the holes on a first portion of
the nozzle 144 may be spaced differently than the holes on a second portion of the
nozzle 144. For example, the holes on the interior portion 228 may be spaced

differently than the holes on the exterior portion 226 and/or the bottom portion 224.

[0029] The total number of holes 146 may in a range of about 100 holes to about
300 holes. Alternatively, the total number of holes 146 may be less than about 100 or
may exceed 300 holes. Further, each portion (e.g., the interior portion 228, the exterior
portion 226 and the bottom portion 224) of the nozzle 144 may have a common number
of holes, or at least one portion of the nozzle 144 may have more holes than another

portion of the nozzle 144. For example, one or more of the interior portion 228, the
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exterior portion 226 and the bottom portion 224 may have more holes 146 than another

one of the interior portion 228, the exterior portion 226 and the bottom portion 224.

[0030] Figure 4 illustrates a cross-section of nozzle 144. As illustrated, the nozzle
144 includes a hole 146a disposed along the exterior portion 226, a hole 146b disposed
along the interior portion 228, and a hole 146c¢ disposed along the bottom portion 224.
Further, the top portion 222 is free from any holes. The holes 146 may be configured to
flow a carrier gas toward away from the lid 114 of the container 110. For example, a
centerline of each hole 146 may be oriented at or below the horizontal line 410 of the
nozzle. As is illustrated in Figure 4, the holes 146a and 146b are disposed such that a
center of each hole is oriented along the horizontal line 410 of the nozzle 144. Stated
another way, the centerline of each hole 146a and 146b are parallel to the horizontal
line 410. Further, the holes 146a and 146b may be evenly spaced between the top
portion 222 and bottom portion 225.

[0031] The nozzle 144 may additionally include holes 146e and/or 146d. The
centerlines of each of holes 146d and 146e are oriented between horizontal line 410
and vertical line 420, such that each hole 146d and 146e faces away from the top
portion 222. Further, at least one of the size, number, and spacing of the holes 146
may be configured such that the combined cross-section area of all of the holes 146 is
larger than the diameter 510 of the feed tube 142.

[0032] The nozzle 144 may have an inner diameter different than the inner diameter
of the feed tube 142. For example, as shown in Figure 5, the feed tube 142 may have
diameter 510 and the nozzle 144 may have diameter 520, where diameter 510 is less
than diameter 520. The diameter 510 may be in a range of about 4 mm to about 8 mm,

and the diameter 520 may be in the range of about 10 mm to 15 mm.

[0033] Figure 6 illustrates the splashguard 150. The splashguard 150 may be
attached to the output port 130. For example, the splashguard 150 may be fitted to the
output port 130, such that the output port 130 at least partially resides inside the
splashguard 150 or the splashguard 150 at |least partially resides inside the output port
130. Further, the splashguard 150 may be attached to the output port 130 and/or the
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lid 114. For example the splashguard 150 may be welded, adhered, or otherwise
secured to the output port 130 and/or the lid 114. Additionally, or alternatively, the
splashguard 150 and the output port 130 may include complimentary threaded portions,
such that one of the splashguard 150 and the output port 130 may be threaded into the
other.

[0034] As illustrated in Figure 6, the splashguard 150 may attached to the output port
130 at an angle 610 with the lid 114. For example, the angle 610 may be in a range of
about 2 degrees to about 10 degrees. In one particular example, the angle is about 5
degrees. Further, the angle may be in a range of about 2 degrees to about 10 degrees.

[0035] The splashguard 150 may include one or more openings. For example, the
splashguard 150 may include opening 152 and opening 154. Alternatively, the
splashguard 150 may include opening 152 and omit opening 154.

[0036] As is stated above, by utilizing the diffuser 140 having a ring shaped nozzle
(e.g., 144) with a plurality of holes 146 and the splashguard 150, splashes affecting an
output of the ampoule may be reduced. The holes 146 may be configured to increase
the efficiency of a carrier gas flowing through, reducing splashes within the ampoule.
Further, the splashguard 150 may be configured to prevent liquid from entering the
output port 130, interfering with the flow a vaporized precursor through the output port

130. Thus, the efficiency of the ampoule 100 may be increased.

[0037] While the foregoing is directed to embodiments described herein, other and
further embodiments may be devised without departing from the basic scope thereof,

and the scope thereof is determined by the claims that follow.
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What is claimed is:

1. An ampoule comprising:
a container comprising a bottom, a sidewall and a lid enclosing a cavity;
an inlet port;
an output port;
a diffuser disposed within the cavity, the diffuser comprising:
a feed tube coupled to the inlet port; and
a nozzle coupled to the feed tube, the nozzle having a closed ring shape
and comprising a plurality of holes, wherein a centerline of each of the plurality of
holes is oriented to direct fluid away from the lid; and

a splashguard coupled to the output port.

2. The ampoule of claim 1, wherein a diameter of at least two of the plurality of

holes is the same.

3. The ampoule of claim 2, wherein one of the plurality of holes has a diameter

between about 10 mm to about 40 mm.

4, The ampoule of claim 1, wherein the nozzle further comprises a top portion, a
bottom portion an interior portion and an exterior portion, wherein the plurality of holes
are disposed on the bottom portion, the interior portion and the exterior portion, and not

on the top portion.

5. The ampoule of claim 1, wherein an inner diameter of the nozzle is greater than

an inner diameter of the feed tube.

6. The ampoule of claim 1, wherein the nozzle is disposed proximate to the bottom

of the container.
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7. The ampoule of claim 1, where the splashguard comprises a first opening that is
oriented between about 3 degrees to about 10 degrees with reference to the lid of the
container.

8. An ampoule comprising:
a container comprising a bottom, a sidewall and a lid enclosing a cavity;
an inlet port;
an output port;
a diffuser disposed within the cavity, the diffuser comprising:
a feed tube coupled to the inlet port; and
a nozzle coupled to the feed tube, the nozzle having a closed ring shape
and comprising a plurality of holes, wherein an inner diameter of the nozzle is
greater than an inner diameter of the feed tube; and

a splashguard coupled to the output port.

9. The ampoule of claim 8, wherein a centerline of each of the plurality of holes is
oriented to direct fluid away from the lid.

10.  The ampoule of claim 8, wherein at least two of the plurality of holes have the
same diameter.

11.  The ampoule of claim 8, wherein nozzle is disposed proximate the bottom of the
container.

12. The ampoule of claim 8, where the splashguard comprises a first opening that is
oriented between about 3 degrees to about 10 degrees with reference to the lid of the
container.

13.  An ampoule comprising:
a container comprising a bottom, a sidewall and a lid enclosing a cavity;
an inlet port;

10
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an output port;
a diffuser coupled to the inlet port and disposed within the cavity, the diffuser

comprises:
a feed tube coupled to the inlet port; and
a nozzle coupled to the feed tube, the nozzle comprising a plurality of
holes, wherein a cross-section area of the plurality of holes is larger than an inner
diameter of the feed tube; and

a splashguard coupled to the output port.

14.  The ampoule of claim 13, wherein the nozzle has an inner diameter greater than

an inner diameter of the feed tube.

156.  The ampoule of claim 13, wherein the nozzle has a closed ring shape, and
wherein a centerline of each of the plurality of holes is oriented to direct fluid away from

the lid.
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