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(57) Abstract: An apparatus for supplying a target material includes
a reservoir system, a priming system, and a transport system that
extends from the priming system to the reservoir system. The reser-
voir system includes a reservoir in fluid communication with a noz-
zle supply system. The priming system includes a priming chamber
defining a primary cavity, and a removable carrier configured to be
received in the primary cavity. The removable carrier defines a sec-
ondary cavity configured to receive a solid matter that includes the
target material. The transport system is configured to provide a fluid
flow path between the priming system and the reservoir system.
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TARGET MATERIAL SUPPLY APPARATUS AND METHOD

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to U.S. Application No. 62/750,321, filed October 25,

2018 and titled Target Material Supply Apparatus and Method, which is incorporated herein

in its entirety by reference.

TECHNICAL FIELD
[0002] The disclosed subject matter relates to an apparatus and method for supplying a target

material.

BACKGROUND

[0003] In semiconductor lithography (or photolithography), the fabrication of an integrated
circuit (IC) requires a variety of physical and chemical processes performed on a
semiconductor (for example, silicon) substrate (which is also referred to as a wafer). A
lithography exposure apparatus (which is also referred to as a scanner) is a machine that
applies a desired pattern onto a target region of the substrate. The substrate is fixed to a stage
so that the substrate generally extends along an image plane defined by orthogonal X and Y1
directions of the scanner. The substrate is irradiated by a light beam, which has a wavelength
in the ultraviolet range, somewhere between visible light and x-rays, and thus has a
wavelength between about 10 nanometers (nm) to about 400 nm. Thus, the light beam can
have a wavelength in the deep ultraviolet (DUV) range, for example, with a wavelength that
can fall from about 100 nm to about 400 nm or a wavelength in the extreme ultraviolet
(EUV) range, with a wavelength between about 10 nm and about 100 nm. These wavelength
ranges are not exact, and there can be overlap between whether light is considered as being
DUV or EUV.

[0004] EUV light is used in photolithography processes to produce extremely small features
in substrates or silicon wafers. Methods to produce EUYV light include, but are not necessarily
limited to, converting a material that has an element, for example, xenon, lithium, or tin, with
an emission line in the EUV range in a plasma state. In one such method, often termed laser
produced plasma (“LPP”), the required plasma can be produced by irradiating a target
material, for example, in the form of a droplet, plate, tape, stream, or cluster of material, with
an amplified light beam. For this process, the plasma is typically produced in a sealed vessel,

for example, a vacuum chamber, and monitored using various types of metrology equipment.
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SUMMARY

[0005] In some general aspects, an apparatus for supplying a target material includes a
reservoir system, a priming system, and a transport system. The reservoir system includes a
reservoir in fluid communication with a nozzle supply system. The priming system includes:
a priming chamber defining a primary cavity; and a removable carrier configured to be
received in the primary cavity. The removable carrier defines a secondary cavity configured
to receive a solid matter that includes the target material. The transport system extends from
the priming system to the reservoir system, and is configured to provide a fluid flow path
between the priming system and the reservoir system.

[0006] Implementations can include one or more of the following features. For example, the
removable carrier can include a lower wall configured to receive the solid matter, the lower
wall defining a transport opening that, when the removable carrier is received in the primary
cavity, is in fluid communication with the transport system. The lower wall can include a rim
that extends above the lower wall into the secondary cavity, the rim defining the perimeter of
the transport opening, wherein a plane of the lower wall is below a plane of the rim. In use,
target material in the fluid state can be drained from the secondary cavity at least in part due
to the transport system, and after the target material in the fluid state is drained, non-target
material in the fluid state can be captured in a well that is defined by the rim and the lower
wall and prevented from being drained from the secondary cavity.

[0007] The transport system can include a regulation apparatus configured to control a flow
of fluid from the priming system. The priming system can include a tube wall that extends
from the priming chamber. An interior of the tube wall is in fluid communication with the
transport opening defined by the lower wall of the removable carrier and the fluid flow path
of the transport system. The regulation apparatus can include a dual-valve assembly. The
dual-valve assembly can include a freeze valve and a gate valve. The gate valve can be
between the freeze valve and the reservoir system such that target material avoids contact
with a gate of the gate valve. The freeze valve can include a regulation temperature adjusting
device in thermal communication with the tube wall.

[0008] The transport system can include: a refill tank in the fluid flow path between the
priming system and the reservoir system; and a regulation apparatus for controlling a flow of
fluid between the priming system and the refill tank. The refill tank can define a refill cavity

configured to receive the target material in the form of fluid matter from the priming system
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by way of the regulation apparatus. The priming chamber can be configured to be
hermetically sealed with the removable carrier received in the primary cavity and the primary
cavity can be configured to be pumped down to a primary pressure below atmospheric
pressure in use. The refill tank can be configured to be hermetically sealed and the refill
cavity can be configured to be pumped down to a refill pressure below atmospheric pressure
in use. In use, the primary cavity can be in fluid communication with the refill cavity when
the regulation apparatus is in an open state. The primary pressure can be less than or equal to
about 107 Torr and the refill pressure is less than or equal to 10 Torr. The apparatus can
also include a refill vacuum pump fluidly connected to the refill cavity and configured to
adjust a refill pressure within the refill cavity.

[0009] The priming chamber can be configured to be hermetically sealed with the removable
carrier received in the primary cavity. The apparatus can include a priming vacuum pump
fluidly connected to the primary cavity by way of a valve system, and configured to adjust a
primary pressure within the primary cavity.

[0010] The priming system can include a priming temperature adjusting device in thermal
communication with the removable carrier such that a temperature in the secondary cavity is
controlled by the priming temperature adjusting device.

[0011] In other general aspects, a method is performed for supplying a target material. The
method includes inserting a solid matter that includes the target material into a secondary
cavity of a removable carrier; inserting the removable carrier into a primary cavity of a
priming chamber that is connected to a transport system that is in fluid communication with a
reservoir system that comprises a reservoir in fluid communication with a nozzle supply
system; maintaining a pressure in at least a portion of the transport system below atmospheric
pressure; reducing a pressure in the primary cavity and the secondary cavity to below
atmospheric pressure; opening a gate valve in the transport system; heating the inserted solid
matter to a temperature above a melting point of the target material until the solid matter
turns into fluid matter that includes the target material; preventing the fluid matter from
flowing through the open gate valve until enough solid matter has been converted into fluid
matter; and enabling the fluid matter to drain into the transport system portion and through
the opened gate valve after it is determined that enough solid matter has been converted into
fluid matter.

[0012] Implementations can include one or more of the following features. For example, the

pressure in at least the portion of the transport system can be maintained below atmospheric



10

15

20

25

30

WO 2020/086902 PCT/US2019/057945

pressure by maintaining the pressure in a refill tank of the transport system below
atmospheric pressure, the refill tank being in fluid communication with the reservoir system
by way of a refill valve system.

[0013] The gate valve in the transport system can be opened by opening the gate valve in the
transport system when it is determined that the pressure in the primary cavity and the
secondary cavity is substantially close to the pressure in the transport system portion. The
pressure in the primary cavity and the secondary cavity can be determined to be substantially
close to the pressure in the transport system portion by determining that the pressures are
within 1077 Torr of each other.

[0014] The priming chamber can be connected to the transport system extending between the
removable carrier and the reservoir system by inserting a tube wall that extends from the
priming chamber and defines an interior that is in fluid communication with a transport
opening of the priming chamber into a regulation apparatus. The regulation apparatus can be
configured to control a flow of fluid from the priming chamber. The priming chamber can be
connected to the transport system extending between the removable carrier and the reservoir
system by connecting the regulation apparatus to a refill tank that defines a refill cavity. The
method can also include providing a fluid flow path between the refill cavity and the
reservoir system and a fluid flow path between the regulation apparatus and the refill cavity.
The priming chamber can be connected to the transport system extending between the
removable carrier and the reservoir system by connecting the regulation apparatus to the
reservoir system. The method can further include providing a fluid flow path between the
regulation apparatus and the reservoir system.

[0015] The fluid matter can be enabled to drain into the transport system portion and through
the opened gate valve by enabling fluid matter comprising target fluid matter to drain into the
transport system portion and through the opened gate valve. The method can also include
trapping non-target material in the removable carrier after the target fluid matter is drained
from the removable carrier and into the transport system portion. The non-target material can
have a density that is lower than a density of the target fluid matter.

[0016] The method can include, after the target fluid matter is drained into the transport
system portion, then: closing the gate valve; enabling the pressure in the primary cavity to
come up to atmospheric pressure; and removing the removable carrier from the primary
cavity. The method can include disposing of the removed removable carrier. Removal of the

removable carrier also removes the trapped non-target material.
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[0017] The fluid matter can be enabled to drain into the transport system portion and through
the opened gate valve after it is determined that enough solid matter has been converted into
fluid matter by enabling the fluid matter to fall out of the secondary cavity of the removable
carrier and into the transport system portion due to the force of gravity and without the use of
a pressure differential between the secondary cavity and the transport system portion.

[0018] The fluid matter can be enabled to drain into the transport system portion and through
the opened gate valve by avoiding contact between the fluid matter and a gate of the opened
gate valve.

[0019] The pressure in at least the portion of the transport system can be maintained below
atmospheric pressure by maintaining the pressure in at least the portion of the transport
system at or below around 10°¢ Torr.

[0020] The pressure in the primary cavity and the secondary cavity can be reduced to below
atmospheric pressure by reducing the pressure in the primary cavity and the secondary cavity

to a value that is close to the pressure in the portion of the transport system.

DESCRIPTION OF DRAWINGS

[0021] Fig. 1 is a block diagram of an apparatus configured to supply a target material, the
apparatus including a reservoir system, a priming system configured to receive a solid matter,
a transport system, and a parameter control apparatus;

[0022] Fig. 2 is a block diagram of an implementation of the apparatus of Fig. 1, further
including a sensor system and showing an implementation of the transport system;

[0023] Fig. 3 is a block diagram of an implementation of the apparatus of Fig. 1, further
including a sensor system and showing an implementation of the transport system including a
refill tank;

[0024] Fig. 4A is an exploded perspective view of an implementation of a priming system
that includes a cylindrically-shaped priming chamber and a cylindrically-shaped removable
carrier configured to be inserted and removed from a primary cavity of the priming chamber;
[0025] Fig. 4B is an exploded cross-sectional view of the implementation of the priming
system of Fig. 4A;

[0026] Fig. 5A is a perspective view of the implementation of the priming system of Fig. 4A
in an assembled state;

[0027] Fig. 5B is a cross-sectional view of the implementation of the priming system of Fig.

5A in an assembled state;
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[0028] Fig. 6A is an exploded perspective view of the implementation of the priming system
of Fig. 4A, including an implementation of a transport system and a parameter control
apparatus;

[0029] Fig. 6B is an assembled perspective view of the implementation of the priming
system, transport system, and parameter control apparatus of Fig. 6A;

[0030] Fig. 7A is a top view of an implementation of the removable carrier of Fig. 1 that is
designed to trap unwanted non-target material that can be present in the solid matter;

[0031] Fig. 7B is a side cross-sectional view of the implementation of the removable carrier
of Fig. 7A;

[0032] Fig. 7C is a side cross-sectional view of portion 7C of the removable carrier of Fig
7B;

[0033] Fig. 8A is an assembled side view of an implementation of the priming system, the
transport system, and the parameter control apparatus;

[0034] Fig. 8B is an assembled side cross-sectional view of the implementation of the
priming system, the transport system, and the parameter control apparatus of Fig. 8A;

[0035] Fig. 9 is a flow chart of an exemplary procedure performed by the apparatus of Fig. 1
for supplying the target material to an external environment;

[0036] Figs. 10A-10I are side cross-sectional views of an implementation of the apparatus of
Fig. 1 at various steps of the procedure of Fig. 9;

[0037] Fig. 11 is a block diagram of an implementation of an EUV light source that includes
a reservoir system;

[0038] Fig. 12A is a block diagram of a lithographic apparatus that includes a source
collector module, the lithographic apparatus configured to receive a target material supplied
by the apparatus of Fig. 1;

[0039] Fig. 12B is a more detailed schematic diagram of an implementation of the
lithographic apparatus of Fig. 12A, including a source collector module, an illumination
system, and a projection system; and

[0040] Fig. 13 is a schematic diagram of an implementation of an EUV light source that can

be used as the source collector module in the lithographic apparatus of Figs. 12A and 12B.

DETAILED DESCRIPTION

[0041] Referring to Fig. 1, an apparatus 100 is configured for supplying a target material 102,

such as tin (Sn), to a nozzle supply system 104. The apparatus 100 includes a reservoir
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system 110 that includes a reservoir 112 that holds the target material 102 and is in fluid
communication with the nozzle supply system 104, which supplies the target material 102 to
an external environment 101.

[0042] The apparatus 100 includes a priming system 120 having a priming chamber 124 that
defines a primary cavity 125 and a removable carrier 128 that is configured to be received in
the primary cavity 125. The removable carrier 128 defines a secondary cavity 129 that is
configured to receive a solid matter 135 that includes the target material.

[0043] The apparatus 100 also includes a transport system 160 that extends between the
priming system 120 and the reservoir system 110. The transport system 160 includes various
fluid control devices that are configured to provide a controllable fluid flow path between the
priming system 120 and the reservoir system 110. For example, the transport system 160 can
include one or more valves, tubes, fluid flow regulation apparatuses, tanks for storing the
target material 102, and environment control apparatuses, as discussed in greater detail
below.

[0044] The apparatus 100 includes a parameter control apparatus 140 that is configured to
control one or more parameters (such as a temperature and a pressure) at which the priming
system 120 and the transport system 160 operate. The parameter control apparatus 140
includes one or more temperature control devices (such as heaters) for converting the solid
matter 135 into a fluid material that includes the target material 102. The parameter control
apparatus 140 includes one or more pressure control devices for controlling or altering
pressures within the various cavities of the priming system 120 and the transport system 160.
[0045] In some implementations, the solid matter 135 is an ingot (such as a block or disk)
made mostly of tin. The ingot can be at least 99% (or at least 99.9%) by weight pure. This
means that there could be trace amounts of other non-tin material (such as lead and antimony)
that could be present in the solid matter 135. In this example, in which the solid matter 135 is
a tin ingot, the parameter control apparatus 140 includes a device or devices that heat the
solid matter 135 to a temperature above 450 °F (which is the melting point of tin). When
melted by a device of the parameter control apparatus 140, the solid tin turns into liquid tin
and other non-tin material (such as the lead and antimony or molecules or other components).
The non-tin material can be include one or more molecules, atoms, compounds, or other
components, each of which is in the solid or liquid state, depending on the melting point of
that component. The liquid tin (in this case, becomes the target material 102) is therefore

supplied to the reservoir 112.
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[0046] The reservoir 112 contains the target material 102 under a pressure (Pn) that is greater
than atmospheric pressure. Because the target material 102 is in a molten or liquid state and is
able to flow, and a pressure (Pext) of the external environment 101 is at or below atmospheric
pressure, the molten or liquid target material 102 is, in operation, forced out of the nozzle
supply system 104 due to the pressure differential between the pressure Pn in the reservoir
112 and the external pressure Pext. If the reservoir 112 requires additional target material
102, for example, because the level of target material 102 in the reservoir 112 drops below a
minimum level (Lm), then the transport system 160 can supply the additional target material
102 (from the priming system 120) to the reservoir 112.

[0047] Because the carrier 128, which holds the solid matter 135, is removable from the
priming chamber 124, it is straightforward to replace the solid matter 135 that includes the
target material that is provided to the reservoir 112 by simply removing the used removable
carrier 128 (in which target material has already been removed and supplied to the reservoir
112) from the secondary cavity 129 and inserting a new removable carrier 128 with a new
solid matter 135. Additionally, the transport system 160 provides a mechanism that fluidly
separates these replacement steps of the solid matter 135 from the operation of the reservoir
112. This means that the environment in the priming system 120 is separated from and is
independent from the environment in the reservoir 112. In this way, the reservoir 112 can be
maintained at the pressure Pn while being hermetically sealed and separated from the priming
system 120. Because of this separation mechanism (which will be discussed herein), the
reservoir 112 is not exposed to unwanted elements or matter (such as the non-target material)
that may be present in the priming system 120 whenever the solid matter 135 needs to be
refilled or replaced after all of the solid matter 135 in a prior removable carrier 128 has been
spent (or used up). Such a design enables a continuous refill of the target material 102 to the
reservoir 112 during operation of the reservoir system 110 without having to stop operation
of the reservoir system 110.

[0048] Moreover, in some implementations as will be discussed with reference to Figs. 7A-
7C, the removable carrier 128 is designed to trap unwanted non-target material that can be
present in the solid matter 135. Non-target material is any material that is not the target
material. The removable carrier 128 traps most of the non-target material and prevents the
trapped non-target material from flowing out of the priming system 120 and into the transport
system 160. In this way, most of the unwanted non-target material is not fed into the reservoir

112 and the nozzle supply system 104 and therefore is not supplied to the external
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environment 101, where such unwanted non-target material can cause problems for devices
or apparatuses that rely on a high purity of the target material 102 to operate efficiently. As
discussed above, in one example, the solid matter 135 is a tin ingot that is 99.9% by weight
pure. This means that there could be trace amounts of other non-tin material (such as lead and
antimony) that could be present in or on the surface of the non-target material. Additionally,
the tin that is present in the solid matter 135 can chemically interact with other elements
(such as oxygen) that are inside the removable carrier 128 or the priming system 120 to form
molecules of tin such as tin oxide (SnOx) that can coat the solid matter 125. The newly-
designed removable carrier is configured to trap much of the non-tin material (which includes
the tin oxide) and prevent it from flowing to the transport system 160 while allowing the tin
to flow to the transport system 160 and to the reservoir system 110.

[0049] Referring to Fig. 2, in some implementations, the apparatus 100 is implemented as an
apparatus 200 that includes a priming system 220, a transport system 260, a sensor system
252, and a parameter control apparatus 240. The solid matter 135 is not shown in Fig. 2 but
would be received within the priming system 220 during operation.

[0050] The priming system 220 includes a priming chamber 224 that receives the removable
carrier 228 within its primary cavity 225. The solid matter 135 is received within the
secondary cavity 229 of the removable carrier 228. The priming chamber 224 includes a
removable lid 224L that serves as a mechanism to hermetically seal the primary cavity 225
and also to enable the removal of the removable carrier 228 when the solid matter 135 needs
to be replaced. The priming system 220 includes a tube section 220T having a central fluid
flow channel 220C that is a part of a fluid flow path between the priming system 220 and the
transport system 260. The tube section 220T extends from the priming chamber 224 and the
removable carrier 228, an interior of the tube section 220T is in fluid communication with a
transport opening defined by the secondary cavity 229 and also is in fluid communication
with a flow channel 260C of the transport system 260. Details and implementations relating
to the priming system 220 are discussed below.

[0051] The transport system 260 includes a regulation apparatus 261 that controls a flow of
fluid from the priming system 220. In this way, the regulation apparatus 261 controls the
fluid flow path between the priming system 220 and the reservoir system 110. The regulation
apparatus 261 includes a dual-valve assembly including a first valve arrangement 262 and a
second valve arrangement 263 downstream of the first valve arrangement 262. The first valve

arrangement 262 interacts with the central fluid flow channel 220C of the tube section 220T
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so that a flow of the target material 102 within the central fluid flow channel 220C is
controlled by the operation of the first valve arrangement 262. The second valve arrangement
263 includes a valve 264 that interacts with the flow channel 260C of the transport system
260 so that the flow of the target material within the flow channel 260C is controlled by the
operation of the second valve arrangement 263.

[0052] In some implementations, the first valve arrangement 262 includes a freeze valve. A
freeze valve includes the tube section 220T and a regulation temperature adjusting device that
is in thermal communication with the tube section 220T. The regulation temperature
adjusting device is configured to change a temperature of the tube section 220T across a
range of temperatures about a melting point of the solid matter 135. The regulation
temperature adjusting device can be a cartridge heater in thermal communication with the
tube section 220T. For example, if the temperature of the tube section 220T is kept
substantially below the melting point of the solid matter 135, then any liquid that has flowed
out of the carrier 228 (due to the force of gravity) would solidify as it reaches the central fluid
flow channel 220C and this solid matter plugs the central fluid flow channel 220C to prevent
further fluid from flowing through the central fluid flow channel 220C. The solid matter 135
can therefore be melted when the regulation temperature adjusting device heats the tube
section 220T to a temperature above the melting point of the solid matter 135, and if the
temperature is high enough (that is, exceeds this melting point), the solid matter 135 in the
plug melts and freely flows through the central fluid flow channel 220C.

[0053] In certain implementations, the second valve arrangement 263 includes a gate valve,
and the gate valve is placed between the freeze valve and the reservoir system 110. Because
the second valve arrangement 263 is downstream of the freeze valve of the first valve
arrangement 262, the gate valve should be opened prior to heating the tube section 220T so
that melted liquid does not come in contact with the actual gate of the gate valve. Details and
implementations relating to the regulation apparatus 261 are discussed below.

[0054] The transport system 260 can include other components 265 for interacting with a
fluid flow path 266 between the regulation apparatus 261 and the reservoir system 110. The
fluid flow path 266 extends between the flow channel 260C and the reservoir system 110.
Details and implementations relating to the other components 265 are discussed below.
[0055] The sensor system 252 includes an arrangement of sensors that are configured to
measure or sense various characteristics of the priming system 220, the transport system 260,

and the reservoir system 110. Thus, in some implementations, the sensor system 252 includes
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one or more fluid sensors that are each configured to measure an amount of fluid remaining
in a cavity within the fluid flow path from the priming system 220 to the reservoir system
110. For example, the sensor system 252 can include a height sensor that measures a height
or amount of material inside the removable carrier 228 to determine when all of the material
(except for the trapped non-target material) has drained from the removable carrier 228. As
another example, the sensor system 252 can include a height sensor that measures an amount
of target material 102 inside the reservoir 112 to determine when the level of target material
102 drops below the minimum level Lm.

[0056] Any components of the priming system 220 and the transport system 260 that come in
contact with any fluid flow path or fluid cavity should be made of a material that is
compatible with and non-reactive (at the relevant temperatures) to the solid matter 135, the
target material 102, and any non-target material that can be present in the solid matter 135
and whether in solid or fluid or liquid form). For example, the priming chamber 224, the
removable carrier 228, the regulation apparatus 261, and the other components 265 can be
made of various rigid metals or metal alloys.

[0057] The parameter control apparatus 240 includes a set of control devices 242, 244, 246,
248, 250 in communication with various components within the priming system 220 and the
transport system 260, and these control devices 242, 244, 246, 248, 250 are in
communication with a controller 254. Communication between the devices 242, 244, 246,
248, 250 and the priming system 220 and the transport system 260 and communication
between the devices 242, 244, 246, 248, 250 and the controller 254 can be electronic (and
either wired or wireless), thermal-based, or fluid based, depending on the control.

[0058] The control device 242 is a pressure control device 242 fluidly connected to the
primary cavity 225 (and the secondary cavity 229) so as to control a pressure within the
primary cavity 225 and the secondary cavity 229. The pressure control device 242 can be
configured to reduce the pressure within the primary cavity and the secondary cavity 229 to a
high vacuum pressure (which can be as low as 10~ Torr or on the order of 107 Torr) and to
maintain that high vacuum pressure during operation. The pressure control device 242
therefore includes a priming vacuum pump and valve system that are suitable for obtaining a
high vacuum pressure. For example, the priming vacuum pump can be a turbomolecular
pump, a vapor diffusion pump, a cryopump, a sputter ion pump, or a scroll pump. The valve

system can include a gate valve.
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[0059] The control device 244 is a temperature control device 244 thermally connected to the
removable carrier 228 so as to control a temperature of the removable carrier 228, a
temperature of the secondary cavity 229, and a temperature of the solid matter 135 (when the
solid matter 135 is within the secondary cavity 229). The temperature control device 244 can
operate to change the temperature of the solid matter 135 between a temperature above the
melting point of the target material 102 to a temperature below the melting point of the target
material 102. The temperature control device 244 can include a device that imparts heat or
energy to the secondary cavity 229 to thereby heat the solid matter 135. For example, if the
solid matter 135 is made of tin, which has a melting point of about 450 °F, then the
temperature control device 244 can include a resistance heater that heats up upon application
of a current through the wire. For example, the temperature control device 244 can be a
cartridge or insertion heater.

[0060] As another example, the temperature control device 244 can operate based on vacuum
induction melting that utilizes electric currents to melt the tin while it is under the high
vacuum pressure. In such a design, the temperature control device 244 includes an electrical
conductor placed in relation to the removable carrier 228 and a current can be induced within
the conductor through electromagnetic induction. Induced current creates a heating effect,
which can melt the tin.

[0061] The control device 246 is a fluid control device that is in communication with the first
valve arrangement 262. The fluid control device 246 actuates or adjusts aspects of the first
valve arrangement 262 to thereby control the flow (for example, the flow rate) of fluid
through the central fluid flow channel 220C. Similarly, the control device 248 is a fluid
control device that is in communication with the second valve arrangement 263. The fluid
control device 248 actuates or adjusts aspects of the second valve arrangement 263 to thereby
control the flow (for example, the flow rate) of fluid through the flow channel 260C.
Examples of the fluid control devices 246, 248 are discussed below.

[0062] The control device 250 includes one or more sub-devices and is configured to control
physical parameters related to the other components 265 or to the fluid flow path 266
between the regulation apparatus 261 and the reservoir system 110. Examples of the control
device 250 are discussed below.

[0063] The controller 254 is in communication with each of the control devices 242, 244,
246, 248, 250. The controller 254 is in communication with the sensor system 252 to receive

the information relating to characteristics of the priming system 220, the transport system
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260, and/or the reservoir system 110. The controller 254 can determine what signals should
be provided to one or more of the control devices 242, 244, 246, 248, 250 based on an
analysis of the received information.

[0064] Moreover, the controller 254 can be in communication with other components of the
external environment 101. For example, the controller 254 can receive data or information
from the other components of the external environment 101.

[0065] The controller 254 can interface with a user to receive input from an operator or user
or to output data or information to the user. For example, the controller 254 can also include
one or more input devices (such as a keyboard, touch screen, microphone, mouse, hand-held
input device, etc.) and one or more output devices (such as a speaker or a monitor).

[0066] The controller 254 can include one or more of digital electronic circuitry, computer
hardware, firmware, and software. The controller 254 can include memory, which can be
read-only memory and/or random-access memory. Storage devices suitable for tangibly
embodying computer program instructions and data include all forms of non-volatile
memory, including, by way of example, semiconductor memory devices, such as EPROM,
EEPROM, and flash memory devices; magnetic disks such as internal hard disks and
removable disks; magneto-optical disks; and CD-ROM disks.

[0067] The controller 254 can include one or more programmable processors, and one or
more computer program products tangibly embodied in a machine-readable storage device
for execution by a programmable processor. The one or more programmable processors can
each execute a program of instructions to perform desired functions by operating on input
data and generating appropriate output. Generally, the processor receives instructions and
data from memory. Any of the foregoing may be supplemented by, or incorporated in,
specially designed ASICs (application-specific integrated circuits).

[0068] The controller 254 can include a set of modules, with each module including a set of
computer program products executed by one or more processors such as the processors.
Moreover, any of the modules can access data stored within the memory. Each module can
receive data from other components and then analyze such data as needed. Each module can
be in communication with one or more other modules. Each module can be dedicated to a
particular control device 242, 244, 246, 248, 250.

[0069] Although the controller 254 is represented as a box (in which all of its components
can be co-located), it is possible for the controller 254 to be made up of components that are

physically remote from each other. For example, a particular module can be physically co-



10

15

20

25

30

WO 2020/086902 PCT/US2019/057945
14

located with the control device or a particular module can be physically co-located with
another component.

[0070] Referring to Fig. 3, in some implementations, the other components 365 of the
transport system 360 include a refill tank 368 that is in fluid communication with the
regulation apparatus 261 (and is just downstream of the second valve arrangement 263). The
refill tank 368 provides a controlled environment to store the target material 102 for use by
the reservoir system 110 under control of a valve arrangement 369 in a fluid flow path 366
between the refill tank 368 and the reservoir system 110. A pressure in the cavity of the refill
tank 368 can be controlled with a pressure control device 350i that is in communication with
the controller 354. Moreover, a fluid flow from the refill tank 368 can be controlled with a
valve arrangement 369 that is controlled by a valve control device 350ii that is in
communication with the controller 354. Thus, when the controller 254 determines that the
reservoir system 110 requires additional target material 102, for example, if the level of the
target material 102 in the reservoir drops below the minimum level Lm (as provided by the
sensor system 252), then the controller 254 instructs the control device 350ii to send a signal
to the valve arrangement 369 to open the fluid flow path between the refill tank 368 and the
reservoir system 110. The opening of the fluid flow path enables the supply of the target
material 102 from the refill tank 368 to the reservoir 112.

[0071] Next, an implementation of a priming system 420 is described with reference to Figs.
4A and 4B. The priming system 420 includes a priming chamber 424, which, in this
implementation, is cylindrically shaped such that the axis of the cylinder extends along a z
axis and the circular cross section extending in the x-y plane. The priming chamber 424
includes a side wall 424W (or walls if having a shape other than a cylindrical shape), a base
424B from which the side wall 424W extends, the base 424B extending in the x-y plane, and
a lid 424L that is shaped to fit over the side wall 424W. The lid 424L extends along the x-y
plane when attached to the side wall 424W. The side wall 424 W, the base 424B, and the lid
4241, in combination, define the primary cavity 425. The seal between the lid 424L and the
side wall 424W is a hermetic (or airtight) seal. The lid 424L is removable to enable the
removable carrier 428 to be inserted and removed from the primary cavity 425. The priming
system 420 includes a tube wall 424T that extends along the z axis from the base 424B
toward and into the transport system 260. The tube wall 424T defines an interior channel
424C that is fluidly open to the primary cavity 425 at one end and is fluidly open to the

transport system 260 at its other end.
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[0072] The priming system 420 includes the removable carrier 428 that can be received in the
primary cavity 425 of the priming chamber 424. In this implementation, the removable
carrier 428 is cylindrically-shaped to match the shape of the priming chamber 424 such that
the axis of the cylinder extends along the z axis and coincides with the axis of the priming
chamber 424, and the circular cross section of the carrier 428 extends in the x-y plane. The
removable carrier 428 includes a side wall 428W and a base 428B from which the side wall
428W extends, the base 428B extending generally in the x-y plane. The side wall 428W and
the base 428B define the open secondary cavity 429. The removable carrier 428 includes a
tube wall 428T that extends from the base 428B toward and into the interior channel 424C of
the tube wall 424T of the priming chamber 424. The tube wall 428T defines an interior
channel 428C that is fluidly open to the secondary cavity 429 at one end and is fluidly open
to the transport system 260 at its other end. The interior channel 428C corresponds to the
central fluid flow channel 220C that provides a fluid transport opening for the fluid material
that includes the target material 102.

[0073] Other than the solid matter 435 (which is not a part of the priming system 420, but is
shown in Figs. 4A and 4B for context), the components of the priming system 420 can be
made of a suitable rigid, non-reactive material such as a metal or metal alloy such as stainless
steel.

[0074] As mentioned, the priming chamber 424 is configured to be hermetically sealed at the
interface between the lid 424L and the wall 424 W after the removable carrier 428 is received
in the primary cavity 425. The hermetic seal is any type of sealing that makes the interface
airtight (such that it excludes the passage of air, oxygen, or other gases). The sealing
mechanism can be, for example, a mechanical gasket seal such as an O-ring seal. Thus, a
groove can be formed in the side wall 424W that receives a gasket 424G and after the
removable carrier 428 is inserted into the primary cavity 425, the lid 424L is placed on the
side wall 424W such that the gasket 424G is pressed (under pressure, as discussed in detail
below). The material of the gasket 424G can be suitable for the pressure at which the cavity
425 and 429 is to be held.

[0075] As shown in Figs. SA and 5B, in use, the solid matter 435 is inserted along the z axis
into the secondary cavity 429, which is defined by the side wall 428W and the base 428B (as
shown in Figs. 4A and 4B, the removable carrier 428 is inserted along the z axis into the
primary cavity 425 defined by the side wall 424W and the base 424B, and the lid 424L is
placed on the side wall 424W of the priming chamber 424.
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[0076] Referring to Figs. 6A and 6B, the side wall 424W of the priming chamber 424 is fitted
with (or includes) a port 670 in fluid communication with a pressure control device 642 of the
parameter control apparatus 240. The pressure control device 642 includes a priming vacuum
pump 642 A and a valve system 642B in the flow path between the priming chamber 424 and
the pump 642A. The priming vacuum pump 642A is configured (under control of the
controller 254 in the parameter control apparatus 240) to adjust a primary pressure of the
primary cavity 425 and also of the secondary cavity 429. The priming vacuum pump 642A
can be a vacuum pump that is suitable for obtaining a high vacuum pressure (that is, as low as
1077 Torr and on the order of 10~ Torr) in the primary cavity 425. For example, the priming
vacuum pump 642 A can be a turbomolecular pump, a vapor diffusion pump, a cryopump, or
a sputter ion pump.

[0077] Additionally, the pressure control device 642 can include additional pumps such as
backing pumps (for rough and low vacuum pressure ranges) and booster pumps (for rough
and low vacuum pressure ranges) to supplement the functioning of the priming vacuum pump
642A.

[0078] The tube wall 424T interfaces with the regulation apparatus 261, which includes a
first valve arrangement 662 and a second valve arrangement 663 downstream of the first
valve arrangement 662. The refill tank 668 is configured with a port for providing a flow path
to the pressure control device 650i that is in communication with the controller 354. The
pressure control device 650i includes a refill vacuum pump 650iA and a valve system 650iB
in the flow path between the refill tank 668 and the refill vacuum pump 650iA. The refill
vacuum pump 650iA is configured (under control of the controller 254 in the parameter
control apparatus 240) to adjust a pressure of the cavity within the refill tank 668. The refill
vacuum pump 650iA can be a vacuum pump that is suitable for obtaining a high vacuum
pressure (that is, as low as 10”7 Torr and on the order of 107 Torr) in the cavity of the refill
tank 668. For example, the refill vacuum pump 650iA can be a turbomolecular pump, a vapor
diffusion pump, a cryopump, or a sputter ion pump.

[0079] The fluid flow from the refill tank 668 along the fluid flow path 666 is controlled with
the valve arrangement 669 that is controlled by the valve control device 650ii.

[0080] Referring to Figs. 7A-7C, in some implementations, as mentioned above, the
removable carrier 228 is configured as a removable carrier 728, which traps the non-target
material that can be present in the solid matter 435. The newly-designed removable carrier

728 greatly reduces the amount of the trapped non-target material that flows out of the
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priming system 120, 220 and into the transport system 160. The removable carrier 728
operates by physically separating melted non-target material that has a different density than
the melted target material 102. For example, as discussed above, in one example, the solid
matter 435 is a tin ingot that is 99.9% by weight pure. Tin oxide can be present in the tin
ingot, and tin oxide is less dense than pure tin. The removable carrier 728 has a geometry that
is able to separate the tin oxide from the pure tin.

[0081] Specifically, the base 728B of the carrier 728 is configured to receive the solid matter
435. In this implementation, the base 728B includes a lower wall 731 extending along the x-y
plane and facing the secondary cavity 729 and configured to receive or provide a platform for
the solid matter 435. The lower wall 731 defines the interior channel 728C that, when the
removable carrier 728 is received in the primary cavity 425, is in fluid communication with
the transport system 160. The lower wall 731 includes a rim 732 that extends or protrudes up
along the z axis above the lower wall 731 and into the secondary cavity 729. The rim 732 is a
raised ledge that defines the perimeter of the transport opening into the interior channel 728C.
A plane 731p that defines the ledge of the lower wall 731 is parallel with the x-y plane and is
offset along the z axis from a plane 732p that defines the rim 732.

[0082] The volume defined by the lower wall 731, the rim 732, and the interior vertical wall
733 acts as a well 734 in which this less-dense non-target material can pool or accumulate as
the target material 102 passes through the interior channel 728C due to the weight of gravity.
This happens because the less-dense non-target material floats to the top of the secondary
cavity 729. The well 734 is configured to permit only a small amount of the less-dense non-
target material to reach the interior channel 728C. For example, only the amount of less-
dense non-target material that melts above or remains above the transport opening flows into
the interior channel 728C, while the remaining less-dense non-target material pools over the
lower wall 731 in the well 734 after the target material 102 (in liquid form) has passed
through the interior channel 728C.

[0083] Referring to Figs. 8A and 8B, in some implementations, the priming system 220 and
the transport system 260 are designed as a priming system 820 and a transport system 860. In
this implementation, the regulation apparatus 261 is designed as a regulation apparatus 861
and the temperature control device 244 is designed as a heater 844 that is thermally
connected to the removable carrier 828. The heater 844 is a resistance heater (such as a

cartridge or insertion heater) in contact with the removable carrier 828.
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[0084] As discussed above, the regulation apparatus 861 controls a flow of fluid from the
priming system 820. The regulation apparatus 861 includes as the first valve arrangement 262
a freeze valve 862. The freeze valve 862 includes the tube section 820T and a regulation
temperature adjusting device 872 that is in thermal communication with the tube section
820T. The regulation temperature adjusting device 872 is configured to change a temperature
of the tube section 820T across a range of temperatures about a melting point of the solid
matter 135. In this implementation, the regulation temperature adjusting device 872 is a
cartridge heater in thermal communication with the tube section 820T. If the temperature of
the tube section 820T is kept substantially below the melting point of the solid matter 135,
then any liquid that has flowed out of the carrier 828 (due to the force of gravity) solidifies as
it reaches the central fluid flow channel 820C and this solid matter plugs the central fluid
flow channel 820C to prevent further fluid from flowing through the central fluid flow
channel 820C. The solid matter 135 can therefore be melted when the regulation temperature
adjusting device 872 heats the tube section 820T to a temperature above the melting point of
the solid matter 135, and if the temperature is high enough (that is, exceeds the melting point
of the solid matter 135), the solid matter 135 in the plug melts and freely flows through the
central fluid flow channel 820C.

[0085] The regulation apparatus 861 includes as the second valve arrangement 263 a gate
valve arrangement 863. The gate valve arrangement 863 includes a gate (or valve) 864 that
interacts with the flow channel 860C of the transport system 860 so that the flow of the target
material within the flow channel 860C is controlled by the operation of the second valve
arrangement 863. Because the second valve arrangement 863 is downstream of the freeze
valve 862, the gate 864 should be opened prior to the freeze valve 862 heating the tube
section 820T so that melted liquid does not come in contact with the gate 864.

[0086] Next, as shown in Fig. 9, a procedure 980 is performed by the apparatus 100 for
supplying the target material 102 to the external environment 101. Additional reference is
made to Figs. 10A-10I when discussing the steps of the procedure 980. Figs. 10A-10I depict
the relevant components of an implementation of the apparatus 100 through the various steps
in the procedure 980. Initially, as shown in Fig. 10A, the solid matter 1035, which includes
the target material, is placed into the secondary cavity 1029 of the removable carrier 1028
(981).

[0087] The removable carrier 1028, which houses the solid matter 1035, is inserted into the

primary cavity 1025 of the priming chamber 1024 (982), as shown in Fig. 10B. The priming
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chamber 1025 is already fluidly connected to the transport system 1060, which means that
there is a fluid flow path established between the primary cavity 1025 and the flow channel
1060C of the transport system 1060, for example, by way of the interior channel 1024C of the
tube wall 1024T of the priming chamber 1024. Moreover, the transport system 1060 is in
fluid communication with the reservoir system 110 (as discussed above).

[0088] The primary cavity 1025 of the priming chamber 1024 is sealed (983), as shown in
Fig. 10C. For example, the lid 1024L is secured to the rest of the priming chamber 1024. At
least a portion of the transport system 1060 is maintained at a pressure below atmospheric
pressure (984). For example, one or more of the other control devices 250 that are pressure
control devices can, under instruction from the controller 254, maintain the pressure or
reduce the pressure in one or more of the other components 1065. As discussed above, the
other components 1065 can include a refill tank (such as the refill tank 368 or 868). Thus, in
this example, a cavity of the refill tank 368 or 868 can be maintained a pressure below
atmospheric pressure. Moreover, the portion of the transport system 1060 that is maintained
at the pressure below atmospheric pressure (984) is in fluid communication with the
regulation apparatus 1061. The pressure at which the portion of the transport system 1060 is
maintained can be a high vacuum pressure (that is, as low as 10~ Torr and on the order of
107 Torr).

[0089] A pressure in the primary cavity 1025 (and the secondary cavity 1029) is reduced to
below atmospheric pressure (985). For example, the pressure control device 242 can pump
enough air or matter out of the primary cavity 1025 and also the secondary cavity 1029 until
the controller 254 determines (by way of a sensor in the sensor system 252) that the pressure
within the primary cavity 1025 and the secondary cavity 1029 drops below a pre-determined
threshold value. In particular, though not required, the pre-determined threshold value of the
pressure can be substantially the same as the pressure maintained in the portion of the
transport system 1060 (984). Thus, the pressure in the primary cavity 1025 and the secondary
cavity 1029 can be reduced to a high vacuum pressure on the order of 107 Torr.

[0090] Next, the fluid flow path through the transport system 1060 is opened (986). For
example, as shown in Fig. 10D, a gate 1064 of a gate valve arrangement 1063 is opened. As
shown in Fig. 10C, when the gate 1064 is closed, it interacts with the flow channel 1060C of
the transport system 1060. The gate 1064 is opened at this stage so as to prevent the melted
material (from the solid matter 1035) from interacting with the gate 1064 at a later step in the

procedure 980.
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[0091] As shown in Fig. 10E, the inserted solid matter 1035 is heated to a temperature above
the melting point of the target material 102 until the solid matter 1035 turns into a fluid
material 1036 (987). As noted above, the fluid material 1036 includes the target material
1038 as well as non-target material 1037. In the implementation described, the non-target
material 1037 is less dense than the target material 1038, and thus, the non-target material
1037 floats to the top of the fluid material 1036, as shown. The solid matter 1035 is heated by
the application of heat from the temperature control device 1044, which is in communication
with the controller 254. In the implementation of Fig. 10E, the temperature control device
1044 is in thermal communication with the priming chamber 1024, and the priming chamber
1024 and the removable carrier 1028 are made of sufficiently thermally conductive materials
(such as metal or metal alloys) such that heat applied to an exterior of the priming chamber
1024 is efficiently transferred to the secondary cavity 1029, and this heat causes a change in
state of the solid matter 1035 into the fluid material 1036. In some implementations in which
the solid matter 1035 is tin ingot, the temperature of the secondary cavity 1029 is heated to
above 450 °F (the melting point of tin).

[0092] As the solid matter 1035 is melted into the fluid material 1036, the fluid material 1036
is prevented from flowing through the open gate valve arrangement 1063 until enough of the
solid matter 1035 has been converted into the fluid material 1036 and/or until the reservoir
system requires more target material (988), as also shown in Fig. 10E. For example, the fluid
material 1036 can be prevented from flowing through the open gate valve arrangement 1063
by being blocked by a solid mass 1021 that forms inside the interior channel 1028C of the
tube wall 1028T of the removable carrier 1028. The solid mass 1021 forms because the fluid
material 1036 cools down when it reaches the interior channel 1028C of the tube wall 1028T,
which is held at a temperature that is below the melting point of the solid matter 1035.
[0093] A determination is made regarding whether enough of the solid matter 1035 has been
converted into fluid material 1036 (989). For example, the controller 254 (Fig. 2) can make
the determination at step 989 by analyzing an output from one or more sensors of the sensor
system 252, such sensors configured to measure an amount of fluid material 1036 in the
carrier 1028. Thus, if the level of fluid material 1036 falls below a predetermined level in the
carrier 1028, then this might indicate that a certain amount of fluid material 1036 has been
formed. This is because the fluid material 1036 can have a different density from the solid

matter 1035 such that upon formation into the fluid, the level of material in the carrier 1028
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drops. Moreover, this predetermined level can indicate that greater than 99% (or 99.9%) of
the solid matter 1035 has been converted into the fluid material 1036.

[0094] The fluid material 1036 is enabled to drain into the next portion (for example, into the
components 1065) of the transport system 1060 and through the opened gate valve
arrangement 1063 after it is determined that enough solid matter 1035 has been converted
into fluid material 1036 (990). As an example, as shown in Fig. 10F, in order to drain the
fluid material 1036 out of the carrier 1028 and into the next portion of the transport system
1060, the regulation temperature adjusting device 1072 that is in thermal communication with
tube wall 1024T of the priming chamber 1024 supplies heat to the tube wall 1024T. Because
the priming chamber 1024 and the removable carrier 1028 are conductive to heat transfer, the
heat supplied to the tube wall 1024 T conducts through the tube wall 1028T of the removable
carrier 1028 and into the interior channel 1028C in which the solid mass 1021 is lodged. The
heat that is supplied is high enough (that is, exceeds the melting point of the solid mass 1021)
to melt the solid mass 1021 so that it also is converted into the target material 1038. This
melted mass 1021 (which is mostly target material 1038) also falls from the weight of gravity
along the —z axis along with the target material 1038 that is draining from the removable
carrier 1028. The target material 1038 that is drained from the removable carrier 1028 enters
the transport system 1060, which it is output into the reservoir system 110 as target material
102.

[0095] As mentioned above, because the non-target material 1037 is less dense than the
target material 1038, there is a small amount 1037s of the non-target material 1037 that drains
from the removable carrier 1028. The small amount 1037s of the non-target material 1037
that drains out of the removable carrier 1028 is correlated with or related to a ratio of a
surface area of the region between the rim 732 and the inner surface 733 (as shown in Fig.
7A) to a size or extent of the 1028C interior channel taken along the x-y plane. The
progression of the draining is depicted schematically in Figs. 10F-10H.

[0096] Because the removable carrier 1028 is designed with the rim 732 (as discussed above
with reference to Figs. 7A-7C), substantially most of the non-target material 1037 remains in
the well 1034 of the removable carrier 1028. In this way, the unwanted non-target material
1037 is not fed into the reservoir 112 and the nozzle supply system 104 and therefore is not
supplied to the external environment 101, where such unwanted non-target material can cause
problems for devices or apparatuses that rely on a high purity of the target material 102 to

operate efficiently. As discussed above, in one example, the solid matter 1035 is a tin ingot
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that is 99.9% by weight pure. This means that there could be trace amounts of other non-tin
material (such as lead and antimony) that could be present in the non-target material.
Additionally, the tin that is present in the solid matter 1035 can chemically interact with other
elements (such as oxygen) that are inside the removable carrier 1028 or the priming system
1020 to form molecules of tin such as tin oxide (SnOx). The newly-designed removable
carrier 1028 is configured to trap this non-tin material (which includes the tin oxide) and
prevent it from flowing to the transport system 1060 while allowing the tin to flow to the
transport system 1060 and to the reservoir system 110.

[0097] As shown in Fig. 10H, once all of the target material 1038 and the small amount
1037s of non-target material 1037 has drained from the removable carrier 1028, the freeze
valve (that includes the regulation temperature adjusting device 1072) closes. That is, the
regulation temperature adjusting device 1072 stops heating the tube wall 1024T of the
priming chamber 1024. Additionally, the fluid flow path through the transport system 1060 is
closed. For example, as shown in Fig. 10H, the gate 1064 of the gate valve arrangement 1063
is closed. The gate 1064 can be closed because there is no change of the melted material
dripping onto the gate 1064 (because the target material 1038 and the small amount 1037s of
non-target material 1037 has drained out of the removable carrier 1028).

[0098] Now that the gate 1064 is closed, the environment downstream of the gate valve
arrangement 1063 is separately hermetically from the environment upstream of the gate valve
arrangement 1063. Thus, it is now possible to maintain the sub-atmospheric pressure in the
components that are downstream of the gate valve arrangement 1063 while enabling the
primary cavity 1025 (and the secondary cavity 1029) to return to atmospheric pressure. First,
the reservoir system 110 (which includes the reservoir 112), which downstream of the gate
valve arrangement 1063, can be maintained at sub-atmospheric pressure. In this way, a new
solid matter 135 can be installed in the apparatus 100 after the old one is drained from the
priming system 120 and transport system 160, and upon the determination that the reservoir
112 required additional target material 102, without having to bring the reservoir 112 up to
atmosphere, which would expose the walls of the reservoir 112 as well as any remaining
target material 102 stored within the reservoir 112 to environment and unwanted chemicals
(such as oxygen). Second, if a refill tank 368 (or 668) is used to store the target material 102,
then the refill tank 368/668 also can be maintained at sub-atmospheric pressure. Accordingly,
the refill tank 368/668 also does not need to be brought up to atmosphere. The interior walls
of the refill tank 368/668 and any remaining target material 102 in the refill tank 368/668
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would not be exposed to environment even though a new solid matter 135 must be installed
in the apparatus 100.

[0099] The primary cavity 1025 and the secondary cavity 1029 are returned to atmospheric
pressure by, for example, halting the pressure control device 242 from removing air from the
primary cavity 1025 and the secondary cavity 1029. Once the primary cavity and the
secondary cavity 1029 are brought back up to atmospheric pressure, the lid 1024L is removed
from the priming chamber 1024 and the removable carrier 1028 is removed from the primary
cavity 1025. The non-target material 1037 that remains in the well 1034 is removed with the
removable carrier 1028.

[0100] Referring to Fig. 11, a block diagram of an implementation of an EUV light source
LS that includes a reservoir system 1111 is shown. The reservoir system 1111 emits a stream
ST of targets T such that a target Tp is delivered to a plasma formation location PF in a
vacuum environment 1101. The target Tp includes the target material 102. The target
material 102 is any material that emits EUV light when in a plasma state. For example, the
target material 102 can include water, tin, lithium, and/or xenon. The plasma formation
location PF receives a light beam LB. The light beam LB is generated by an optical source
OS and delivered to the vacuum environment 1101 along an optical path OP. An interaction
between the light beam LB and the target material 102 in the target Tp produces a plasma PL
that emits EUV light.

[0101] The reservoir system 1111 includes a nozzle supply system 1104, which includes a
capillary tube 1104ct that is fluidly coupled to the reservoir 1112. The capillary tube 1104ct
defines an orifice 11040. The reservoir 1112 contains target material 102 under pressure Pn.
The target material 102 is in a molten state and is able to flow, and the pressure in the
vacuum environment 1101 Pext is lower than the pressure Pn. Thus, the target material 102
flows through the capillary tube 1104ct and is emitted into the vacuum environment 1101
through the orifice 11040. The target material 102 can exit the orifice 11040 as a jet or
continuous stream 1104cs of target material 102. The jet of target material 102 breaks up into
the individual targets T (which can be droplets). The break-up of the jet 1104cs can be
controlled such that the individual droplets coalesce into larger droplets that arrive at the
plasma formation location PF at a desired rate. The targets T in the stream ST can be
approximately spherical, with a diameter of about 30 pm.

[0102] Fig. 12A is a block diagram of a lithographic apparatus 1200 that includes a source
collector module SO. The lithographic apparatus 1200 includes:
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. an illumination system (illuminator) IL. configured to condition a
radiation beam B (for example, EUV radiation).

. a support structure (for example, a mask table) MT constructed to
support a patterning device (for example, a mask or a reticle) MA and
connected to a first positioner PM configured to accurately position the
patterning device;

U a substrate table (for example, a wafer table) WT constructed to hold a
substrate (for example, a resist-coated wafer) W and connected to a
second positioner PW configured to accurately position the substrate;
and

. a projection system (for example, a reflective projection system) PS
configured to project a pattern imparted to the radiation beam B by
patterning device MA onto a target portion C (for example, including
one or more dies) of the substrate W.

[0103] The illumination system IL can include various types of optical components, such as
refractive, reflective, magnetic, electromagnetic, electrostatic or other types of optical
components, or any combination thereof, for directing, shaping, or controlling radiation.
[0104] The support structure MT holds the patterning device MA in a manner that depends
on the orientation of the patterning device, the design of the lithographic apparatus, and other
conditions, such as for example whether or not the patterning device is held in a vacuum
environment. The support structure can use mechanical, vacuum, electrostatic or other
clamping techniques to hold the patterning device. The support structure can be a frame or a
table, for example, which can be fixed or movable as required. The support structure can
ensure that the patterning device is at a desired position, for example with respect to the
projection system.

[0105] The term “patterning device” should be broadly interpreted as referring to any device
that can be used to impart a radiation beam with a pattern in its cross-section such as to create
a pattern in a target portion of the substrate. The pattern imparted to the radiation beam can
correspond to a particular functional layer in a device being created in the target portion, such
as an integrated circuit.

[0106] The patterning device can be transmissive or reflective. Examples of patterning
devices include masks, programmable mirror arrays, and programmable LCD panels. Masks

are well known in lithography, and include mask types such as binary, alternating phase-shift,
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and attenuated phase-shift, as well as various hybrid mask types. An example of a
programmable mirror array employs a matrix arrangement of small mirrors, each of which
can be individually tilted so as to reflect an incoming radiation beam in different directions.
The tilted mirrors impart a pattern in a radiation beam which is reflected by the mirror matrix.
[0107] The projection system PS, like the illumination system IL, can include various types
of optical components, such as refractive, reflective, magnetic, electromagnetic, electrostatic
or other types of optical components, or any combination thereof, as appropriate for the
exposure radiation being used, or for other factors such as the use of a vacuum. It may be
desired to use a vacuum for EUV radiation since other gases may absorb too much radiation.
A vacuum environment can therefore be provided to the whole beam path with the aid of a
vacuum wall and vacuum pumps.

[0108] In the example of Figs. 12A and 12B, the apparatus is of a reflective type (for
example, employing a reflective mask). The lithographic apparatus can be of a type having
two (dual stage) or more substrate tables (and/or two or more patterning device tables). In
such “multiple stage” machines, the additional tables can be used in parallel, or preparatory
steps can be carried out on one or more tables while one or more other tables are being used
for exposure.

[0109] Referring to Fig. 12A, the illuminator IL receives an extreme ultraviolet radiation
beam from the source collector module SO. Methods to produce EUV light include, but are
not necessarily limited to, converting a material into a plasma state that has at least one
element, for example, xenon, lithium or tin, with one or more emission lines in the EUV
range. In one such method, often termed laser produced plasma (“LPP”) the required plasma
is produced by irradiating a fuel, such as a droplet, stream or cluster of material having the
required line-emitting element, with a laser beam. The source collector module SO can be
part of an EUV radiation system including a laser, not shown in Fig. 12A, for providing the
laser beam exciting the fuel. The resulting plasma emits output radiation, for example, EUV
radiation, which is collected using a radiation collector, disposed in the source collector
module. The laser and the source collector module can be separate entities, for example,
when a carbon dioxide (CQO») laser is used to provide the laser beam for fuel excitation.
[0110] In such cases, the laser is not considered to form part of the lithographic apparatus and
the radiation beam is passed from the laser to the source collector module with the aid of a
beam delivery system including, for example, suitable directing mirrors and/or a beam

expander. In other cases the source may be an integral part of the source collector module, for
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example, when the source is a discharge produced plasma EUV generator, often termed as a
DPP source.

[0111] The illuminator IL can include an adjuster for adjusting the angular intensity
distribution of the radiation beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as ¢-outer and c-inner, respectively) of the intensity distribution in a
pupil plane of the illuminator can be adjusted. In addition, the illuminator IL can include
various other components, such as facetted field and pupil mirror devices. The illuminator IL
can be used to condition the radiation beam, to have a desired uniformity and intensity
distribution in its cross-section.

[0112] The radiation beam B is incident on the patterning device (for example, mask) MA,
which is held on the support structure (for example, mask table) MT, and is patterned by the
patterning device. After being reflected from the patterning device (for example, mask) MA,
the radiation beam B passes through the projection system PS, which focuses the beam onto a
target portion C of the substrate W. With the aid of the second positioner PW and position
sensor PS2 (for example, an interferometric device, linear encoder or capacitive sensor), the
substrate table WT can be moved accurately, for example, so as to position different target
portions C in the path of the radiation beam B. Similarly, the first positioner PM and another
position sensor PS1 can be used to accurately position the patterning device (for example
mask) MA with respect to the path of the radiation beam B. Patterning device (for example
mask) MA and substrate W can be aligned using patterning device alignment marks M1, M2
and substrate alignment marks P1, P2.

[0113] The depicted apparatus can be used in at least one of the following modes:

1. In step mode, the support structure (for example, mask table) MT and the
substrate table WT are kept essentially stationary, while an entire pattern
imparted to the radiation beam is projected onto a target portion C at one time
(that is, a single static exposure). The substrate table WT is then shifted in the
X and/or Y direction so that a different target portion C can be exposed.

2. In scan mode, the support structure (for example, mask table) MT and the
substrate table WT are scanned synchronously while a pattern imparted to the
radiation beam is projected onto a target portion C (that is, a single dynamic
exposure). The velocity and direction of the substrate table WT relative to the

support structure (for example, mask table) MT may be determined by the
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(de-)magnification and image reversal characteristics of the projection system
PS.

3. In another mode, the support structure (for example, mask table) MT is kept
essentially stationary holding a programmable patterning device, and the
substrate table WT is moved or scanned while a pattern imparted to the
radiation beam is projected onto a target portion C. In this mode, generally a
pulsed radiation source is employed and the programmable patterning device
is updated as required after each movement of the substrate table WT or in
between successive radiation pulses during a scan. This mode of operation can
be readily applied to maskless lithography that utilizes programmable
patterning device, such as a programmable mirror array of a type as referred to

above. ¥*¥*

[0114] Combinations and/or variations on the above described modes of use or entirely
different modes of use can also be employed.

[0115] Fig. 12B shows an implementation of the lithographic apparatus 1200 in more detail,
including the source collector module SO, the illumination system IL, and the projection
system PS. The source collector module SO is constructed and arranged such that a vacuum
environment can be maintained in an enclosing structure 1220 of the source collector
module SO. The systems IL and PS are likewise contained within vacuum environments of
their own. An EUV radiation emitting plasma 2 can be formed by a laser produced LPP
plasma source. The function of source collector module SO is to deliver EUV radiation
beam 20 from the plasma 2 such that it is focused in a virtual source point. The virtual
source point is commonly referred to as the intermediate focus (IF), and the source collector
module is arranged such that the intermediate focus IF is located at or near an aperture 1221
in the enclosing structure 1220. The virtual source point IF is an image of the radiation
emitting plasma 2.

[0116] From the aperture 1221 at the intermediate focus IF, the radiation traverses the
illumination system IL, which in this example includes a facetted field mirror device 22 and
a facetted pupil mirror device 24. These devices form a so-called “fly’s eye” illuminator,
which is arranged to provide a desired angular distribution of the radiation beam 21, at the
patterning device MA, as well as a desired uniformity of radiation intensity at the patterning

device MA (as shown by reference 1260). Upon reflection of the beam 21 at the patterning
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device MA, held by the support structure (mask table) MT, a patterned beam 26 is formed
and the patterned beam 26 is imaged by the projection system PS via reflective elements 28,
30 onto a substrate W held by the substrate table WT. To expose a target portion C on
substrate W, pulses of radiation are generated while substrate table WT and patterning
device table MT perform synchronized movements to scan the pattern on patterning device
MA through the slit of illumination.

[0117] Each system IL and PS is arranged within its own vacuum or near-vacuum
environment, defined by enclosing structures similar to enclosing structure 1220. More
elements than shown can generally be present in illumination system IL and projection
system PS. Further, there can be more mirrors present than those shown. For example, there
can be one to six additional reflective elements present in the illumination system IL and/or
the projection system PS, besides those shown in Fig. 12B.

[0118] Considering source collector module SO in more detail, a laser energy source
including a laser 1223 is arranged to deposit laser energy 1224 into a fuel that includes a
target material. The target material can be any material that emits EUV radiation in a plasma
state, such as xenon (Xe), tin (Sn), or lithium (Li). The plasma 2 is a highly ionized plasma
with electron temperatures of several 10’s of electron volts (€V). Higher energy EUV
radiation can be generated with other fuel materials, for example, terbium (Tb) and
gadolinium (Gd). The energetic radiation generated during de-excitation and recombination
of these ions is emitted from the plasma, collected by a near-normal incidence collector 3
and focused on the aperture 1221. The plasma 2 and the aperture 1221 are located at first
and second focal points of collector CO, respectively.

[0119] Although the collector 3 shown in Fig. 12B is a single curved mirror, the collector
can take other forms. For example, the collector may be a Schwarzschild collector having
two radiation collecting surfaces. In an implementation, the collector is a grazing incidence
collector that includes a plurality of substantially cylindrical reflectors nested within one
another.

[0120] To deliver the fuel, which, for example, is liquid tin, a droplet generator 1226 is
arranged within the enclosure 1220, arranged to fire a high frequency stream 1228 of
droplets toward the desired location of plasma 2. The droplet generator 1226 can be the
reservoir system 110. In operation, laser energy 1224 is delivered in a synchronism with the
operation of droplet generator 1226, to deliver impulses of radiation to turn each fuel droplet

into a plasma 2. The frequency of delivery of droplets may be several kilohertz, for example
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50 kHz. In practice, laser energy 1224 is delivered in at least two pulses: a pre pulse with
limited energy is delivered to the droplet before it reaches the plasma location, in order to
vaporize the fuel material into a small cloud, and then a main pulse of laser energy 1224 is
delivered to the cloud at the desired location, to generate the plasma 2. A trap 1230 is
provided on the opposite side of the enclosing structure 1220, to capture fuel that is not, for
whatever reason, turned into plasma.

[0121] The droplet generator 1226 includes a reservoir 1201 (which can be the reservoir
112) which contains the fuel liquid (for example, molten tin) and can include a filter 1269
and a nozzle 1202 that are a part of the nozzle supply system 104. The nozzle 1202 is
configured to eject droplets of the fuel liquid towards the plasma 2 formation location. The
droplets of fuel liquid may be ejected from the nozzle 1202 by a combination of pressure
within the reservoir 1201 and a vibration applied to the nozzle by a piezoelectric actuator
(not shown).

[0122] As the skilled reader will know, reference axes X, Y, and Z may be defined for
measuring and describing the geometry and behavior of the apparatus, its various
components, and the radiation beams 20, 21, 26. At each part of the apparatus, a local
reference frame of X, Y and Z axes may be defined. In the example of Fig. 12B, the Z axis
broadly coincides with the direction optical axis O at a given point in the system, and is
generally normal to the plane of a patterning device (reticle) MA and normal to the plane of
substrate W. In the source collector module, the X axis coincides broadly with the direction
of fuel stream 1228, while the Y axis is orthogonal to that, pointing out of the page as
indicated. On the other hand, in the vicinity of the support structure MT that holds the reticle
MA, the X axis is generally transverse to a scanning direction aligned with the Y axis. For
convenience, in this area of the schematic diagram Fig. 12B, the X axis points out of the
page, again as marked. These designations are conventional in the art and will be adopted
herein for convenience. In principle, any reference frame can be chosen to describe the
apparatus and its behavior.

[0123] Numerous additional components used in the operation of the source collector
module and the lithographic apparatus 1200 as a whole are present in a typical apparatus,
though not illustrated here. These include arrangements for reducing or mitigating the effects
of contamination within the enclosed vacuum, for example to prevent deposits of fuel
material damaging or impairing the performance of collector 3 and other optics. Other

features present but not described in detail are all the sensors, controllers and actuators
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involved in controlling of the various components and sub-systems of the lithographic
apparatus 1200.

[0124] Referring to Fig. 13, an implementation of an LPP EUV light source 1300 is shown.
The light source 1300 may be used as the source collector module SO in the lithographic
apparatus 1200. Furthermore, the optical source OS of FIG. 11 can be part of the drive laser
1315. The drive laser 1315 can be used as the laser 1223 (Fig. 12B).

[0125] The LPP EUV light source 1300 is formed by irradiating a target mixture 1314 at a
plasma formation location 1305 with an amplified light beam 1310 that travels along a beam
path toward the target mixture 1314. The target material 102, and the targets T in the stream
ST discussed with respect to Fig. 11 can be or include the target mixture 1314. The plasma
formation location 1305 is within an interior 1307 of a vacuum chamber 1330. When the
amplified light beam 1310 strikes the target mixture 1314, a target material within the target
mixture 1314 is converted into a plasma state that has an element with an emission line in
the EUV range. The created plasma has certain characteristics that depend on the
composition of the target material within the target mixture 1314. These characteristics can
include the wavelength of the EUV light produced by the plasma and the type and amount of
debris released from the plasma.

[0126] The light source 1300 also includes the supply system 1325 that delivers, controls,
and directs the target mixture 1314 in the form of liquid droplets, a liquid stream, solid
particles or clusters, solid particles contained within liquid droplets or solid particles
contained within a liquid stream. The target mixture 1314 includes the target material such
as, for example, water, tin, lithium, xenon, or any material that, when converted to a plasma
state, has an emission line in the EUV range. For example, the element tin may be used as
pure tin (Sn); as a tin compound, for example, SnBrs, SnBr>, SnHy; as a tin alloy, for
example, tin-gallium alloys, tin-indium alloys, tin-indium-gallium alloys, or any
combination of these alloys. The target mixture 1314 can also include impurities such as
non-target particles. Thus, in the situation in which there are no impurities, the target
mixture 1314 is made up of only the target material. The target mixture 1314 is delivered by
the supply system 1325 into the interior 1307 of the chamber 1330 and to the plasma
formation location 1305.

[0127] The light source 1300 includes a drive laser system 1315 that produces the amplified
light beam 1310 due to a population inversion within the gain medium or mediums of the

laser system 1315. The light source 1300 includes a beam delivery system between the laser
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system 1315 and the plasma formation location 1305, the beam delivery system including a
beam transport system 1320 and a focus assembly 1322. The beam transport system 1320
receives the amplified light beam 1310 from the laser system 1315, and steers and modifies
the amplified light beam 1310 as needed and outputs the amplified light beam 1310 to the
focus assembly 1322. The focus assembly 1322 receives the amplified light beam 1310 and
focuses the beam 1310 to the plasma formation location 1305.

[0128] In some implementations, the laser system 1315 can include one or more optical
amplifiers, lasers, and/or lamps for providing one or more main pulses and, in some cases,
one or more pre-pulses. Each optical amplifier includes a gain medium capable of optically
amplifying the desired wavelength at a high gain, an excitation source, and internal optics.
The optical amplifier may or may not have laser mirrors or other feedback devices that form
a laser cavity. Thus, the laser system 1315 produces an amplified light beam 1310 due to the
population inversion in the gain media of the laser amplifiers even if there is no laser cavity.
Moreover, the laser system 1315 can produce an amplified light beam 1310 that is a
coherent laser beam if there is a laser cavity to provide enough feedback to the laser system
1315. The term “amplified light beam™ encompasses one or more of: light from the laser
system 1315 that is merely amplified but not necessarily a coherent laser oscillation and
light from the laser system 1315 that is amplified and is also a coherent laser oscillation.
[0129] The optical amplifiers in the laser system 1315 can include as a gain medium a filling
gas that includes CO; and may amplify light at a wavelength of between about 9100 and
about 11000 nm, and in particular, at about 10600 nm, at a gain greater than or equal to 800
times. Suitable amplifiers and lasers for use in the laser system 1315 can include a pulsed
laser device, for example, a pulsed, gas-discharge COz laser device producing radiation at
about 9300 nm or about 10600 nm, for example, with DC or RF excitation, operating at
relatively high power, for example, 10kW or higher and high pulse repetition rate, for
example, 40 kHz or more. The pulse repetition rate may be, for example, 50 kHz. The
optical amplifiers in the laser system 1315 can also include a cooling system such as water
that may be used when operating the laser system 1315 at higher powers.

[0130] The light source 1300 includes a collector mirror 1335 having an aperture 1340 to
allow the amplified light beam 1310 to pass through and reach the plasma formation location
1305. The collector mirror 1335 can be, for example, an ellipsoidal mirror that has a primary
focus at the plasma formation location 1305 and a secondary focus at an intermediate

location 1345 (also called an intermediate focus) where the EUV light can be output from
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the light source 1300 and then input to, for example, an integrated circuit lithography tool
(not shown). The light source 1300 can also include an open-ended, hollow conical shroud
1350 (for example, a gas cone) that tapers toward the plasma formation location 1305 from
the collector mirror 1335 to reduce the amount of plasma-generated debris that enters the
focus assembly 1322 and/or the beam transport system 1320 while allowing the amplified
light beam 1310 to reach the plasma formation location 1305.

[0131] The light source 1300 can also include a master controller 1355 that is connected to a
droplet position detection feedback system 1356, a laser control system 1357, and a beam
control system 1358. The light source 1300 can include one or more target or droplet
imagers 1360 that provide an output indicative of the position of a droplet, for example,
relative to the plasma formation location 1305 and provide this output to the droplet position
detection feedback system 1356, which can, for example, compute a droplet position and
trajectory from which a droplet position error can be computed either on a droplet by droplet
basis or on average. The droplet position detection feedback system 1356 thus provides the
droplet position error as an input to the master controller 1355. The master controller 1355
can provide a laser position, direction, and timing correction signal, for example, to the laser
control system 1357 that may be used, for example, to control the laser timing circuit and/or
to the beam control system 1358 to control an amplified light beam position and shaping of
the beam transport system 1320 to change the location and/or focal power of the beam focal
spot within the chamber 1330.

[0132] The supply system 1325 includes a target material delivery control system 1326 that
is operable, in response to a signal from the master controller 1355, for example, to modify
the release point of the droplets as released by a target material supply apparatus 1327 to
correct for errors in the droplets arriving at the desired plasma formation location 1305.
[0133] Additionally, the light source 1300 can include light source detectors 1365 and 1370
that measure one or more EUV light parameters, including but not limited to, pulse energy,
energy distribution as a function of wavelength, energy within a particular band of
wavelengths, energy outside of a particular band of wavelengths, and angular distribution of
EUYV intensity and/or average power.

[0134] The light source 1300 can also include a guide laser 1375 that may be used to align
various sections of the light source 1300 or to assist in steering the amplified light beam
1310 to the plasma formation location 1305. In connection with the guide laser 1375, the

light source 1300 includes a metrology system 1384 that is placed within the focus assembly
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1322 to sample a portion of light from the guide laser 1375 and the amplified light beam
1310.
[0135] The implementations may further be described using the following clauses:

1. An apparatus for supplying a target material, the apparatus comprising:

a reservoir system comprising a reservoir in fluid communication with a nozzle
supply system;

a priming system comprising:

a priming chamber defining a primary cavity; and

a removable carrier configured to be received in the primary cavity, the
removable carrier defining a secondary cavity configured to receive a solid matter that
includes the target material; and

a transport system that extends from the priming system to the reservoir system, the
transport system configured to provide a fluid flow path between the priming system and the
reservoir system.

2. The apparatus of clause 1, wherein the removable carrier includes a lower wall
configured to receive the solid matter, the lower wall defining a transport opening that, when
the removable carrier is received in the primary cavity, is in fluid communication with the
transport system.

3. The apparatus of clause 2, wherein the lower wall includes a rim that extends
above the lower wall into the secondary cavity, the rim defining the perimeter of the transport
opening, wherein a plane of the lower wall is below a plane of the rim.

4. The apparatus of clause 3, wherein, in use, target material in the fluid state is
drained from the secondary cavity at least in part due to the transport system, and after the
target material in the fluid state is drained, non-target material in the fluid state is captured in
a well that is defined by the rim and the lower wall and prevented from being drained from
the secondary cavity.

5. The apparatus of clause 1, wherein:

the transport system comprises a regulation apparatus configured to control a flow of
fluid from the priming system; and

the priming system comprises a tube wall that extends from the priming chamber, an
interior of the tube wall in fluid communication with the transport opening defined by the

lower wall of the removable carrier and the fluid flow path of the transport system.
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6. The apparatus of clause 5, wherein the regulation apparatus comprises a dual-valve
assembly.

7. The apparatus of clause 6, wherein the dual-valve assembly comprises:

a freeze valve; and

a gate valve.

8. The apparatus of clause 7, wherein the gate valve is between the freeze valve and
the reservoir system such that target material avoids contact with a gate of the gate valve.

9. The apparatus of clause 7, wherein the freeze valve includes a regulation
temperature adjusting device in thermal communication with the tube wall.

10. The apparatus of clause 1, wherein the transport system comprises:

a refill tank in the fluid flow path between the priming system and the reservoir
system; and

a regulation apparatus for controlling a flow of fluid between the priming system and
the refill tank;

wherein the refill tank defines a refill cavity configured to receive the target material
in the form of fluid matter from the priming system by way of the regulation apparatus.

11. The apparatus of clause 10, wherein:

the priming chamber is configured to be hermetically sealed with the removable
carrier received in the primary cavity and the primary cavity is configured to be pumped
down to a primary pressure below atmospheric pressure in use;

the refill tank is configured to be hermetically sealed and the refill cavity is
configured to be pumped down to a refill pressure below atmospheric pressure in use; and

in use, the primary cavity is in fluid communication with the refill cavity when the
regulation apparatus is in an open state.

12. The apparatus of clause 11, wherein the primary pressure is less than or equal to
about 1076 Torr and the refill pressure is less than or equal to 1076 Torr.

13. The apparatus of clause 10, further comprising a refill vacuum pump fluidly
connected to the refill cavity and configured to adjust a refill pressure within the refill cavity.

14. The apparatus of clause 1, wherein the priming chamber is configured to be
hermetically sealed with the removable carrier received in the primary cavity.

15. The apparatus of clause 14, further comprising a priming vacuum pump fluidly
connected to the primary cavity by way of a valve system, and configured to adjust a primary

pressure within the primary cavity.
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16. The apparatus of clause 1, wherein the priming system comprises a priming
temperature adjusting device in thermal communication with the removable carrier such that
a temperature in the secondary cavity is controlled by the priming temperature adjusting
device.

17. A method for supplying a target material, the method comprising:

inserting a solid matter that includes the target material into a secondary cavity of a
removable carrier;

inserting the removable carrier into a primary cavity of a priming chamber that is
connected to a transport system that is in fluid communication with a reservoir system that
comprises a reservoir in fluid communication with a nozzle supply system;

maintaining a pressure in at least a portion of the transport system below atmospheric
pressure;

reducing a pressure in the primary cavity and the secondary cavity to below
atmospheric pressure;

opening a gate valve in the transport system;

heating the inserted solid matter to a temperature above a melting point of the target
material until the solid matter turns into fluid matter that includes the target material;

preventing the fluid matter from flowing through the open gate valve until enough
solid matter has been converted into fluid matter; and

enabling the fluid matter to drain into the transport system portion and through the
opened gate valve after it is determined that enough solid matter has been converted into fluid
matter.

18. The method of clause 17, wherein maintaining the pressure in at least the portion
of the transport system below atmospheric pressure comprises maintaining the pressure in a
refill tank of the transport system below atmospheric pressure, the refill tank being in fluid
communication with the reservoir system by way of a refill valve system.

19. The method of clause 17, wherein opening the gate valve in the transport system
comprises opening the gate valve in the transport system when it is determined that the
pressure in the primary cavity and the secondary cavity is substantially close to the pressure
in the transport system portion.

20. The method of clause 19, wherein determining that the pressure in the primary
cavity and the secondary cavity is substantially close to the pressure in the transport system

portion comprises determining that the pressures are within 10~ Torr of each other.
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21. The method of clause 17, wherein connecting the priming chamber to the
transport system extending between the removable carrier and the reservoir system comprises
inserting a tube wall that extends from the priming chamber and defines an interior that is in
fluid communication with a transport opening of the priming chamber into a regulation
apparatus, the regulation apparatus configured to control a flow of fluid from the priming
chamber.

22. The method of clause 21, wherein connecting the priming chamber to the
transport system extending between the removable carrier and the reservoir system comprises
connecting the regulation apparatus to a refill tank that defines a refill cavity, the method
further comprising providing a fluid flow path between the refill cavity and the reservoir
system and a fluid flow path between the regulation apparatus and the refill cavity.

23. The method of clause 21, wherein connecting the priming chamber to the
transport system extending between the removable carrier and the reservoir system comprises
connecting the regulation apparatus to the reservoir system, the method further comprising
providing a fluid flow path between the regulation apparatus and the reservoir system.

24. The method of clause 17, wherein enabling the fluid matter to drain into the
transport system portion and through the opened gate valve comprises enabling fluid matter
comprising target fluid matter to drain into the transport system portion and through the
opened gate valve.

25. The method of clause 24, further comprising trapping non-target material in the
removable carrier after the target fluid matter is drained from the removable carrier and into
the transport system portion, wherein the non-target material has a density that is lower than a
density of the target fluid matter.

26. The method of clause 24, further comprising, after the target fluid matter is
drained into the transport system portion, then:

closing the gate valve;

enabling the pressure in the primary cavity to come up to atmospheric pressure; and

removing the removable carrier from the primary cavity.

27. The method of clause 26, further comprises disposing of the removed removable
carrier.

28. The method of clause 26, wherein removing the removable carrier comprises

removing the trapped non-target material.
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29. The method of clause 17, wherein enabling the fluid matter to drain into the
transport system portion and through the opened gate valve after it is determined that enough
solid matter has been converted into fluid matter comprises enabling the fluid matter to fall
out of the secondary cavity of the removable carrier and into the transport system portion due
to the force of gravity and without the use of a pressure differential between the secondary
cavity and the transport system portion.

30. The method of clause 17, wherein enabling the fluid matter to drain into the
transport system portion and through the opened gate valve comprises avoiding contact
between the fluid matter and a gate of the opened gate valve.

31. The method of clause 17, wherein maintaining the pressure in at least the portion
of the transport system below atmospheric pressure comprises maintaining the pressure in at
least the portion of the transport system at or below around107¢ Torr.

32. The method of clause 17, wherein reducing the pressure in the primary cavity and
the secondary cavity to below atmospheric pressure comprises reducing the pressure in the
primary cavity and the secondary cavity to a value that is close to the pressure in the portion
of the transport system.

[0136] Other implementations are within the scope of the following claims.
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WHAT IS CLAIMED I8S:

1. An apparatus for supplying a target material, the apparatus comprising:
a reservoir system comprising a reservoir in fluid communication with a nozzle
supply system;
a priming system comprising:
a priming chamber defining a primary cavity; and
aremovable carrier configured to be received in the primary cavity, the
removable carrier defining a secondary cavity configured to receive a solid matter that
includes the target material; and
a transport system that extends from the priming system to the reservoir system, the
transport system configured to provide a fluid flow path between the priming system and the

reservoir system.

2. The apparatus of claim 1, wherein the removable carrier includes a lower wall
configured to receive the solid matter, the lower wall defining a transport opening that, when
the removable carrier is received in the primary cavity, is in fluid communication with the

transport system.

3. The apparatus of claim 2, wherein the lower wall includes a rim that extends above
the lower wall into the secondary cavity, the rim defining the perimeter of the transport

opening, wherein a plane of the lower wall is below a plane of the rim.

4. The apparatus of claim 3, wherein, in use, target material in the fluid state is
drained from the secondary cavity at least in part due to the transport system, and after the
target material in the fluid state is drained, non-target material in the fluid state is captured in
a well that is defined by the rim and the lower wall and prevented from being drained from

the secondary cavity.

5. The apparatus of claim 1, wherein:
the transport system comprises a regulation apparatus configured to control a flow of

fluid from the priming system; and
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the priming system comprises a tube wall that extends from the priming chamber, an
interior of the tube wall in fluid communication with the transport opening defined by the

lower wall of the removable carrier and the fluid flow path of the transport system.

6. The apparatus of claim 5, wherein the regulation apparatus comprises a dual-valve
assembly that includes:
a freeze valve; and

a gate valve.

7. The apparatus of claim 6, wherein:

the gate valve is between the freeze valve and the reservoir system such that target
material avoids contact with a gate of the gate valve; and

the freeze valve includes a regulation temperature adjusting device in thermal

communication with the tube wall.

8. The apparatus of claim 1, wherein the transport system comprises:

a refill tank in the fluid flow path between the priming system and the reservoir
system; and

a regulation apparatus for controlling a flow of fluid between the priming system and
the refill tank;

wherein the refill tank defines a refill cavity configured to receive the target material

in the form of fluid matter from the priming system by way of the regulation apparatus.

9. The apparatus of claim 8, wherein:

the priming chamber is configured to be hermetically sealed with the removable
carrier received in the primary cavity and the primary cavity is configured to be pumped
down to a primary pressure below atmospheric pressure in use;

the refill tank is configured to be hermetically sealed and the refill cavity is
configured to be pumped down to a refill pressure below atmospheric pressure in use; and

in use, the primary cavity is in fluid communication with the refill cavity when the

regulation apparatus is in an open state.
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10. The apparatus of claim 9, wherein the primary pressure is less than or equal to

about 1076 Torr and the refill pressure is less than or equal to 1076 Torr.

11. The apparatus of claim 8, further comprising a refill vacuum pump fluidly

connected to the refill cavity and configured to adjust a refill pressure within the refill cavity.

12. The apparatus of claim 1, wherein the priming chamber is configured to be
hermetically sealed with the removable carrier received in the primary cavity, the apparatus
further comprising a priming vacuum pump fluidly connected to the primary cavity by way of

a valve system, and configured to adjust a primary pressure within the primary cavity.

13. The apparatus of claim 1, wherein the priming system comprises a priming
temperature adjusting device in thermal communication with the removable carrier such that
a temperature in the secondary cavity is controlled by the priming temperature adjusting

device.

14. A method for supplying a target material, the method comprising:

inserting a solid matter that includes the target material into a secondary cavity of a
removable carrier;

inserting the removable carrier into a primary cavity of a priming chamber that is
connected to a transport system that is in fluid communication with a reservoir system that
comprises a reservoir in fluid communication with a nozzle supply system;

maintaining a pressure in at least a portion of the transport system below atmospheric
pressure;

reducing a pressure in the primary cavity and the secondary cavity to below
atmospheric pressure;

opening a gate valve in the transport system;

heating the inserted solid matter to a temperature above a melting point of the target
material until the solid matter turns into fluid matter that includes the target material;

preventing the fluid matter from flowing through the open gate valve until enough

solid matter has been converted into fluid matter; and
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enabling the fluid matter to drain into the transport system portion and through the
opened gate valve after it is determined that enough solid matter has been converted into fluid

matter.

15. The method of claim 14, wherein maintaining the pressure in at least the portion
of the transport system below atmospheric pressure comprises maintaining the pressure in a
refill tank of the transport system below atmospheric pressure, the refill tank being in fluid

communication with the reservoir system by way of a refill valve system.

16. The method of claim 14, wherein opening the gate valve in the transport system
comprises opening the gate valve in the transport system when it is determined that the

pressure in the primary cavity and the secondary cavity is below a threshold pressure.

17. The method of claim 14, wherein connecting the priming chamber to the transport
system extending between the removable carrier and the reservoir system comprises inserting
a tube wall that extends from the priming chamber and defines an interior that is in fluid
communication with a transport opening of the priming chamber into a regulation apparatus,

the regulation apparatus configured to control a flow of fluid from the priming chamber.

18. The method of claim 17, wherein connecting the priming chamber to the transport
system extending between the removable carrier and the reservoir system comprises
connecting the regulation apparatus to a refill tank that defines a refill cavity, the method
further comprising providing a fluid flow path between the refill cavity and the reservoir

system and a fluid flow path between the regulation apparatus and the refill cavity.

19. The method of claim 14, further comprising trapping non-target material in the
removable carrier after the target fluid matter is drained from the removable carrier and into
the transport system portion, wherein the non-target material has a density that is lower than a

density of the target fluid matter.

20. The method of claim 14, further comprising, after the target fluid matter is
drained into the transport system portion, then:

closing the gate valve;



WO 2020/086902 PCT/US2019/057945
42

enabling the pressure in the primary cavity to come up to atmospheric pressure; and

removing the removable carrier from the primary cavity.
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