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FIG. 1

receives a carrier gas, and outputs the carrier gas together with vapor derived
from the first volume of fluid. A second reservoir holds a second volume of
, fluid and is capable of delivering a part of the second volume of fluid to the
first reservoir. A self-regulating tube extends from the first reservoir to a re-
gion above the second volume of fluid in the second reservoir.
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APPARATUS AND METHOD FOR SELF-REGULATING FLUID
CHEMICAL DELIVERY

FIELD

[0001] Embodiments of the present disclosure generally relate to fluid chemical
delivery and, more particularly, to self-regulating fluid chemical delivery.

BACKGROUND

[0002] Chemicals used in, for example, semiconductor device processing, are
delivered into a process chamber using a fluid containing ampoule. Such known
ampoules typically include a canister that is in fluid communication with an inlet port
and an outlet port using a carrier gas that is fed through the ampoule. For example,
the carrier gas is fed into a space above the fluid, may flow over the fluid, and
carries away vapor from the space above the fluid. As another example, the carrier
gas is fed into the fluid using a bubbler tube, saturates the fluid, and carries away
some of the fluid. The ampoule may be used until all fluid is removed, at which time
the ampoule is refilled or replaced. Alternatively, the ampoule may be refilled
periodically based on measurements taken using an in situ level sensor. A refill tank
holds chemicals for refilling the ampoule and typically has a much larger volume

than the ampoule to enable the ampoule to be repeatedly refilled.

[0003] Some of the processes used in, for example, semiconductor device
processing use one or more chemicals supplied to the process at defined
temperature and pressure ranges. For example, a film deposition process may
maintain temperature and pressure within predefined ranges to attain a repeatable
film quality and consistent film thickness. However, as fluid is consumed in the
ampoule, temperature and pressure conditions may change and therefore change
the concentration of the chemical being delivered which affects the outcome of the

process being carried out.

[0004] Accordingly, the inventors have provided improved apparatus and methods
for regulating fluid chemical delivery.
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SUMMARY

[0005] Methods and apparatus for chemical delivery are provided herein. In some
embodiments, a chemical delivery apparatus includes: a body having a first reservoir
that defines a first volume, the first reservoir including a carrier gas inlet and a
carrier gas outlet; a second reservoir disposed in the body above the first reservoir
and defining a second volume, the second reservoir having a fill tube fluidly coupling
the second reservoir to the first reservoir; and a self-regulating tube extending from

the second reservoir to the first reservoir

[0006] In some embodiments, a chemical delivery apparatus includes: a chemical
delivery apparatus includes: a body having a first reservoir that defines a first
volume, the first reservoir including a carrier gas inlet and a carrier gas outlet; a
second reservoir disposed in the body above the first reservoir and defining a
second volume, the second reservoir having a fill tube fluidly coupling the second
reservoir to the first reservoir; and a first heater disposed at least along sidewalls of
the first reservoir that heats a fluid contained in the first volume based on a first
detected temperature of a first fluid contained in the first volume, and a second
heater disposed along sidewalls of the second reservoir that heats a fluid contained
in the second volume based on a second detected temperature of a second fluid

contained in the second volume.

[0007] In some embodiments, a chemical delivery apparatus includes: a body
having a first reservoir that defines a first volume, the first reservoir including a
carrier gas inlet and a carrier gas outlet; and a second reservoir disposed in the
body above the first reservoir and defining a second volume, the second reservoir
having a fill tube fluidly coupling the second reservoir to the first reservoir; wherein at
least one of (a) the first reservoir includes baffles that control a path of cross-flow of
the carrier gas or (b) the carrier gas inlet includes a nozzle that controls a path of
cross-flow of the carrier gas.

[0008] In some embodiments, a chemical delivery method includes: receiving a
carrier gas into a first volume that holds a first fluid; collecting, using the carrier gas,
vapor that emanates from the first fluid into the first volume; delivering the carrier
gas and the vapor from the first volume, and providing a self-regulating tube that
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extends from the first reservoir to a region above a second fluid contained in the
second volume, the second volume being fluidly coupled with the first volume,
wherein when the first fluid held in the first volume extends above a lower end of the
self-regulating tube, the first fluid seals off the self-regulating tube, and when the first
fluid held in the first volume is below a lower end of the self-regulating tube, the
carrier gas and the vapor enter the self-regulating tube and cause the second fluid to
be delivered from the second volume into the first volume until the first volume of the
fluid again extends above the bottom of the self-regulating tube and seals off the

self-regulating tube.

[0009] Other and further embodiments of the present disclosure are described

below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Embodiments of the present disclosure, briefly summarized above and
discussed in greater detail below, can be understood by reference to the illustrative
embodiments of the disclosure depicted in the appended drawings. It is to be noted,
however, that the appended drawings illustrate only typical embodiments of this
disclosure and are therefore not to be considered limiting of its scope, for the
disclosure may admit to other equally effective embodiments.

[0011] Figure 1 is a schematic view of an example of a chemical delivery

apparatus in accordance with some embodiments of the present disclosure.

[0012] Figure 2 is a schematic view of another example of a chemical delivery

apparatus in accordance with some embodiments of the present disclosure.

[0013] Figure 3 is a flow chart showing an example of a chemical delivery method

carried out in accordance with some embodiments of the present disclosure.

[0014] Figures 4A-4C are side views of further examples of a chemical delivery

apparatus in accordance with some embodiments of the present disclosure.

[0015] Figures 5A, 5C and 5E are side views of still further examples of a chemical
delivery apparatus in accordance with some embodiments of the present disclosure;
and Figures 5B and 5D are cross-sectional views of the examples shown in
Figures 5A and 5C, respectively.
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[0016] Figure 6A is a side view of yet another example of a chemical delivery
apparatus in accordance with some embodiments of the present disclosure; and
Figure 6B is an enlarged view of a portion of the example shown in Figure 6A.

[0017] Figures 7A and 7B are side views of still another example of a chemical

delivery apparatus in accordance with some embodiments of the present disclosure.

[0018] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. The
figures are not drawn to scale and may be simplified for clarity. It is contemplated
that elements and features of one embodiment may be beneficially incorporated in
other embodiments without further recitation.

DETAILED DESCRIPTION

[0019] The present disclosure relates to chemical delivery apparatus and methods
in which the level of fluid chemical in an ampoule is advantageously self-regulating.
More specifically, the level of fluid in a vapor draw or bubbler functional volume may
be self-regulating and the majority of stored fluid may be isolated within a closed
volume from the carrier gas. The ampoule may be segregated into two functional
volumes, a first volume or lower vapor draw/bubbler volume within a first reservoir,
and a second volume or upper refill volume within a second reservoir. The second
volume may hold a fluid that is delivered to the first volume. The fluid in the first
volume may experience constant flow of carrier gas, whereas the fluid in the second
volume may not which may minimize chemical decomposition. The fluid level of the

second volume may vary as the chemical is supplied to the first volume.

[0020] The second volume may include a refill tube/isolation valve, a level sensor,
and a self-regulating tube. The refill tube/isolation valve may be used to add
additional fluid into the second volume via, for example, an external bulk delivery
system. The refill activity may be determined by a user utilizing either an integrated
level sensor or a known consumption rate. The self-regulating tube may be the
control mechanism by which the first reservoir may be refilled. As the fluid is
consumed in the first reservoir, the bottom of the self-regulating tube may allow the
vapor to be displaced above the fluid level of the first volume and may dispense an
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equivalent amount of fluid to the first reservoir via the refill tube. The above process
may be self-regulating and may result in a constant level of fluid in the first reservoir.

[0021] A carrier gas may flow into the first volume through the gas inlet tube, and
the carrier gas may saturate with vapor and carry the vapor to a process chamber
via the gas outlet tube. The first volume can be either in a vapor draw configuration
or a bubbler configuration.

[0022] In addition to the above, additional features may be included. As an
example, one or more spaces may be included and may provide minimum surface
contact between the first and second reservoirs which may thermally decouple the
two reservoirs, for example, as discussed below with respect to Figures 6A-B. Multi-
zone heating of the ampoule may be provided using, for example, two, three or four
zone heaters as discussed below with respect to Figures 4A-C. Adhesiveless
bonding of the heaters to the wall of the ampoule may be provided, for example,

using polyimide heaters.

[0023] Fluid level sensing may be included in one or both of the first and second
volumes. In-situ fluid temperature measurement for monitoring temperature and/or
controlling temperature of a fluid may be provided for one or both of the first and
second volumes. The fluid level sensor may be integral with or separate from the

fluid temperature measurement sensor.

[0024] A nozzle may be provided at an end of the gas inlet tube which may
improve uniformity of the carrier gas flow in the first volume and increase fluid
concentration, for example, as discussed below with respect to Figure 5E. Baffles
may be added to the first volume which may improve uniformity of the carrier gas
flow in the first volume and increase fluid concentration, for example as discussed
below with respect to Figures 5A-D. For example, five or nine or other numbers of

baffles may be provided.

[0025] An internal coating may be used on the inner walls and/or bottom of one or
both of the first and second reservoirs which may facilitate cleaning of one or both of
the reservoirs. The internal coating may be an anti-static friction (anti-stiction)
coating. The first and second reservoirs may be separable from each other which
may facilitate cleaning of one or both of the reservoirs.

5
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[0026] Ampoule pressure may be measured and may be used to control
concentration of process precursors in the fluid of one or both of the first and second

volumes.

[0027] Figure 1 is a schematic diagram showing an example of an ampoule 100
according to some embodiments of the disclosure. The ampoule is divided into two
functional reservoirs. Lower, first reservoir 102 can serve as the vapor draw
reservoir or as the bubbler reservoir and defines the first volume which contains the
fluid. Upper, second reservoir 104 defines the second volume which contains the
fluid and can serve as the refill reservoir and deliver fluid from the second reservoir
104 to the first reservoir 102. For example, the fluid of the first reservoir 102 and the
fluid of the second reservoir 104 are of a same fluid. The first reservoir 102 and the
second reservoir 104 may be disposed in a common housing or body of the
ampoule 100.

[0028] When an inlet valve 130 and an outlet valve 132 are open, a carrier gas
enters the first reservoir 102 through gas inlet tube 108 along, for example, path 120
into the space above the first fluid and collects vapor which has evaporated from the
fluid. The carrier gas carrying the vapor then exits the first reservoir 102 along, for
example, path 124 through, for example, gas outlet tube 114 and outlet valve 132.
In some embodiments, the carrier gas travels along, for example, cross-flow

path 122 and collects vapor along the cross-flow path before exiting along path 124.

[0029] A self-regulating tube 106, for example, serves as a control mechanism for
controlling refill of the first reservoir 102 (e.g., control of the fluid level in the first
reservoir 102). The self-regulating tube 106 extends from above the fluid of the
second reservoir 104 in the second reservoir 104 down into the first reservoir 102.
Initially, the fluid of the first reservoir 102 extends above the bottom of the self-
regulating tube 106 and seals off the self-regulating tube 106. As the fluid of the first
reservoir 102 is consumed, the fluid of the first reservoir 102 falls below the bottom
of the self-regulating tube 106 so that carrier gas and vapor are permitted to enter
the self-regulating tube 106 and travel up to the second reservoir 104. The carrier
gas and vapor that enter into the second reservoir 104 from the self-regulating tube
106 push on the fluid of the second reservoir 104 and cause fluid to be delivered to
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the first reservoir 102 along, for example, path 128 through a fill tube 116. The fill
tube 116 extends from, for example, the bottom of the second reservoir to, for
example, below the level of the fluid in the first reservoir (e.g., in some
embodiments, proximate a bottom of the first reservoir 102). The fluid continues to
be delivered to the first reservoir 102 until the fluid of the first reservoir 102 again
extends above the bottom of the self-regulating tube 106 and seals off the self-
regulating tube 106. In this manner, the volume of fluid in the first reservoir 102 is
controlled.

[0030] In an example of the second reservoir 104, the second reservoir 104 does
not refill so that the fluid of the second reservoir 104 decreases as fluid is transferred
from the first reservoir 102 to the second reservoir 104. In some embodiments, a
chemical level sensor 112 may be provided to detect the level of fluid of the second
reservoir 104 and determine, for example, whether the second reservoir 104 is
empty, near empty, or at some other desired level. In some embodiments, the
detected fluid level is used to control a fluid input valve 134 to deliver fluid along bulk
refill inlet tube 110 into the second reservoir 104 along, for example, path 126 to
maintain a constant fluid level in the second reservoir 104. In some embodiments,
the level of fluid of the second reservoir 104 is determined using known chemical
consumption rates and determines when to operate the fluid input valve 134.

[0031] Figure 2 is a schematic diagram showing an example of an ampoule 200
according to some embodiments of the disclosure. In the example, like reference
numerals provide a like function as described in Figure 1. Figure 2 shows the bulk
refill inlet tube 110 and the fluid input valve 134 as broken lines to indicate that the
refill feature of the second reservoir is an alternative feature. Additionally, as a
further alternative, in a bubbler configuration, the gas inlet tube 108 extends (as
depicted by dashed line 108a) to below the level of the fluid of the first reservoir 102
so that the carrier gas passes through the fluid of the first reservoir 102 (e.g.,
bubbles through the fluid of the first reservoir 102). As another alternative, the fill
tube 116 may be configured as a fluid driven configuration (as depicted by solid line)
or as a siphon (as depicted by dashed line 116a). In some embodiments, an
additional outlet valve 132 may be provided and coupled to the second reservoir
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104. In some embodiments, the gas inlet line may be selectively coupled directly to
the outlet, bypassing the ampoule 200 altogether, as depicted by line and valve 246.

[0032] Figure 3 is a flow diagram showing an example of a method according to
some embodiments of the disclosure. At 302, the first and second reservoirs and the
self-regulating tube are provided. At 304, carrier gas is received in the first reservoir
102, and at 306, the carrier gas is used to collect vapor. At 306, the carrier gas and
vapor are outputted. 304, 306, and 308 may be carried out repeatedly.

[0033] At 310, the fluid level drops and no longer seals off the bottom of the self-
regulating tube. At 312, the carrier gas and vapor enter the second reservoir 104
through the self-regulating tube and cause the liquid to be delivered from the second
reservoir 104 to the first reservoir 102 through a fluid coupling. At 314, the fluid level
rises and seals off the bottom of the self-regulating tube. 310, 312, and 314 may be
carried out repeatedly.

[0034] As discussed above, multi-zone heating of the ampoule may be provided
using, for example, two, three, or four zone heaters. The heaters may be bonded to
the wall of the ampoule or otherwise thermally coupled to the wall of the ampoule,
for example, using adhesiveless bonding techniques. In some embodiments, the
heaters may be polyimide heaters (e.g., resistive heaters disposed on or
encapsulated in a flexible polyimide film). Figures 4A-4C show illustrative examples
of heater arrangements in accordance with the disclosure. Figure 4A shows an
example in which two heaters may be provided. A first heater 402 surrounds the
walls and bottom of the first reservoir 102 and a second heater 404 surrounds the
walls of the second reservoir 104. Figure 4B shows an example in which three
heaters may be provided. A first heater 412 surrounds the walls of the first reservoir
102, a second heater 414 surrounds the walls of the second reservoir 104, and a
third heater 416 is disposed at the bottom of the first reservoir 102. Figure 4C
shows an example in which four heaters may be provided. The first heater 412,
second heater 414, and a third heater 416 correspond to the heaters of like number
in Figure 4B. A further or fourth heater 420 is located between the top of the first
reservoir 102 and the bottom of the second reservoir 104. The fourth heater 420
located between the top of the first reservoir 102 and the bottom of the second
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reservoir 104 may also be added to the configuration depicted in Figure 4A. Other
configurations may also be used to provide heat energy to the first reservoir 102 and
the second reservoir 104.

[0035] Figures 5A-5D show illustrative examples of baffles incorporated in the first
reservoir 102 in accordance with the disclosure. Figure 5A shows a side view of an
example in which five baffles 502 may be present in the first reservoir 102. Figure
5B shows a cross sectional top view of the five baffles 502 which is taken along line
B-B of Figure 5A. Figure 5C depicts a side view of an example in which nine baffles
504 may be included in the first reservoir 102. Figure 5D is a cross sectional top
view of the nine baffles 504 which is taken along line D-D of Figure 5B. Other
numbers of baffles may be provided. Figure 5E shows a side view of an example in
which a nozzle 510 may be included at an end of the gas inlet tube 108 (also shown
in Figures 1 and 2) either alternatively to, or in combination with, the baffles 502 or
504.

[0036] Figures 6A-6B show examples of illustrative thermal barriers disposed
between the first and second reservoirs in accordance with some embodiments of
the present disclosure. Similar thermal barriers may be provided, for example,
between the second reservoir and components disposed above the second
reservoir, such as the valves and other component discussed above. In some
embodiments, the surface area of contact between the first and second reservoirs
may be minimized and gaps provided between the first and second reservoirs to
minimize thermal transfer between the first and second reservoirs. For example,
Figures 6A-B show that a top surface of the lower, or first reservoir 102 may be
configured to provide a reduced support surface 606 that contacts and supports the
upper, or second reservoir 104. The support surface 606 extends above or beyond
the remaining portion of the upper surface of the first reservoir 102 to define gaps
602 between the top wall of the first reservoir 102, or in some embodiments, the top
fluid level of the first reservoir 102, and the bottom wall of the second reservoir 104.
In some embodiments, a groove 604 may be provided to receive an o-ring or other
gasket material to facilitate forming a seal between the first reservoir 102 and the
second reservoir 104.
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[0037] Figure 6B shows a region B of Figure 6A in greater detail. As shown in
Figure 6B, the gaps 602 may vary depending upon location. For example, an outer
gap 602A disposed outward of the support surface 606 may be larger in thickness
between the first reservoir 102 and the second reservoir 104 than an inner gap 602B
disposed inward of the support surface 606. The larger outer gap 602A may be, for
example, from about 6 to about 10 mils and provide greater thermal isolation due to
the larger size of the gap. The smaller inner gap 602B may be, for example, from
about 1 to about 3 mils and provide thermal isolation while reducing incidence of
particle contamination, for example from the gasket material in the groove 604, due
to the smaller size of the gap. The vapor space between the top fluid level in the
first reservoir 102 and the second reservoir 104 provides an additional thermal
barrier between the first and second reservoirs 102, 104.

[0038] Figures 7A and 7B show an example in which the first reservoir 102 and the
second reservoir 104 may be divisible into separate assemblies in accordance with
some embodiments of the present disclosure. Figure 7A shows the two reservoirs
coupled together and may be sealed, such as using an O-ring. Figure 7B shows
which the first reservoir 102 and the second reservoir 104 separated. Figures 7A
and 7B also show that the self-regulating tube 106 may be separable into a first part
106A which may be part of the first reservoir 102 and a second part 106B which may

be part of the second reservoir 104.

[0039] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing

from the basic scope thereof.

10
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Claims:

1. A chemical delivery apparatus, comprising:

a body having a first reservoir that defines a first volume, the first reservoir
including a carrier gas inlet and a carrier gas outlet;

a second reservoir disposed in the body above the first reservoir and defining
a second volume, the second reservoir having a fill tube fluidly coupling the second
reservoir to the first reservoir; and

a self-regulating tube extending from the second reservoir to the first

reservoir.

2. The chemical delivery apparatus of claim 1, further comprising a fluid level
sensor that detects a level of a fluid contained in at least one of the first volume or

the second volume.

3. The chemical delivery apparatus of claim 1, further comprising a bulk refill
inlet tube connected to the second volume, and a fluid input valve that controls
opening of the bulk refill inlet tube based on a detected level of a fluid contained in at

least one of the first volume or the second volume.

4. The chemical delivery apparatus of claim 1, further comprising a temperature
sensor that detects a temperature of a fluid contained in at least one of the first

volume or the second volume.

5. The chemical delivery apparatus of any of claims 1 to 4, wherein the second

reservoir is a closed volume reservoir.

6. The chemical delivery apparatus of any of claims 1 to 4, wherein the first

reservoir and the second reservoir are separable from each other.

7. The chemical delivery apparatus of any of claims 1 to 4, further comprising an
anti-static friction coating disposed on at least one of an inner wall or a bottom of at

least one of the first reservoir or the second reservoir.

11
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8. The chemical delivery apparatus of any of claims 1 to 4, further comprising:
a first heater disposed along sidewalls of the first reservoir; and
a second heater disposed along sidewalls of the second reservoir.

9. The chemical delivery apparatus of claim 8, wherein the first heater is further
disposed along a bottom of the first reservoir.

10.  The chemical delivery apparatus of claim 8, further comprising a third heater

and disposed along a bottom of the first reservoir.

11. The chemical delivery apparatus of claim 8, further comprising a further
heater separate from the first and second heaters and disposed between a bottom
of the second reservoir and a top of the first reservoir.

12.  The chemical delivery apparatus of any of claims 1 to 4, wherein the carrier
gas inlet is disposed proximate to a top of the first volume or proximate to a bottom

of the first volume.

13. The chemical delivery apparatus of any of claims 1 to 4, wherein the first
reservoir includes baffles that control a path of cross-flow of the carrier gas.

14.  The chemical delivery apparatus of any of claims 1 to 4, wherein the carrier
gas inlet includes a nozzle that controls a path of cross-flow of the carrier gas.

15.  The chemical delivery apparatus of any of claims 1 to 4, further comprising a

thermal barrier disposed between the first reservoir and the second reservoir.

12



WO 2016/003891 PCT/US2015/038296

117

N
N
N
N
N
N

AN

AANANAANNNNN

108 —

\()\\

106 —

)
=

126

NSNNNNNNNAVAN

N\

116
—102




PCT/US2015/038296

WO 2016/003891

27

4
o
D
|__ *
- + [
T/ —q >xZ
- L _
R
©
I
2 D

132

132

130

)
116

200

FIG. 2



WO 2016/003891 PCT/US2015/038296

3/7

PROVIDE FIRST RESERVOIR THAT DEFINES FIRST
VOLUME AND HOLDS FIRST FLUID, SECOND
RESERVOIR FLUIDLY COUPLED TO FIRST RESERVOIR
AND THAT DEFINES SECOND VOLUME AND HOLDS
SECOND FLUID, AND SELF-REGULATING TUBE THAT
EXTENDS FROM FIRST VOLUME TO SECOND VOLUME

—— 302

RECEIVE CARRIER GAS IN FIRST VOLUME —— 304

USE CARRIER GAS TO COLLECT VAPOR THAT —— 306
EMANATES FROM FIRST FLUID

!

OUTPUT CARRIER GAS AND COLLECTED VAPOR —— 308

FIRST FLUID LEVEL DROPS AND NO LONGER SEALS [~310

OFF BOTTOM OF SELF REGULATING TUBE

CARRIER GAS AND VAPOR ENTER SECOND VOLUME
THROUGH SELF-REGULATING TUBE AND CAUSE
SECOND LIQUID TO BE DELIVERED FROM SECOND —— 312
VOLUME TO FIRST VOLUME THROUGH FLUID
COUPLING

FIRST FLUID LEVEL RISES AND SEALS OFF

BOTTOM OF SELF-REGULATING TUBE 314

FIG. 3



WO 2016/003891 PCT/US2015/038296

4/7

404 404 414 414

104 —{l ——104

102 ——= \ | ( i \ ‘Fk;'—102

412 412
402 416
FIG. 4A FIG. 4B
414 414

——104

A T—420
#
( | \FE;——102
412 \ 412

416

FIG. 4C



WO 2016/003891 PCT/US2015/038296

S/7
104 —1 T 104
102 —] [ [ }—502 504 — ] +1— 102
Br _¢B Dr _¢D
FIG. 5A FIG. 5C
502 cos 102
102
FIG. 5B FIG. 3D

104 —1 T

102 —~

510 —1

é\

FIG. 5E



WO 2016/003891 PCT/US2015/038296
o/7
“TT>~——104
602
B
> \r R 606
604
iU L — 604
T — 102
502 —
FIG. 6A
606
B

|
i [N N
602A : I 604
I I
i /;'\— 102
\ /




WO 2016/003891

717

PCT/US2015/038296

104 —

-—

—— 106B

102 —1 ™

—— 106A

FIG. 7A

104 —

-—

—— 106B

102 —1T T

]

—— 106A

FIG. 7B



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/038296

A. CLASSIFICATION OF SUBJECT MATTER
B01J 4/00(2006.01)i, B01J 4/02(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
B01J 4/00; C23C 16/52; F16K 3/36; C23C 16/06; C23C 16/448; F16K 11/20; C23C 16/44; C23C 16/00; BO1J 4/02

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: delivery, deposition, fluid, carrier gas, inlet, outlet, self-regulating tube, ampoule

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2011-0008540 A1 (NA, H. Y. et al.) 13 January 2011 1-15
See abstract; claim 1; paragraph [0021]; and figure 1.

A US 8343281 B2 (HONG, J. W. et al.) 1 January 2013 1-15
See abstract; claims 1, 10; and figure 2.

A US 7568495 B2 (NAKASHIMA, N. et al.) 4 August 2009 1-15
See abstract; claims 1, 9; and figures 1, 3A-3F, 6A.

A US 2009-0114157 A1 (LEE, W. T. et al.) 7 May 2009 1-15
See abstract; claims 1, 20; and figures 1, 3A-5C.

A US 2008-0216743 A1 (CHEN, L. et al.) 11 September 2008 1-15
See abstract; claims 1, 13, 20; and figures 4A-8.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination

means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report

08 September 2015 (08.09.2015) 08 September 2015 (08.09.2015)
Name and mailing address of the [SA/KR Authorized officer
International Application Division
« Korean Intellectual Property Office
N
189 Cheongsa-10, Seo-gu, Daejeon Metropolitan City, 35208, MIN, In Gyou
R Republic of Korea

Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-3326

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2015/038296
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2011-0008540 Al 13/01/2011 CN 101942640 A 12/01/2011
CN 101942640 B 15/01/2014
KR 10-2011-0004081 13/01/2011
US 2014-0308445 Al 16/10/2014
US 8343281 B2 01/01/2013 KR 10-1084275 Bl 16/11/2011
KR 10-2011-0032283 30/03/2011
US 2011-0070360 Al 24/03/2011
US 2013-0081700 Al 04/04/2013
US 7568495 B2 04/08/2009 CN 101415977 A 22/04/2009
CN 101415977 B 27/04/2011
JP 05323678 B2 23/10/2013
JP 2009-532579 A 10/09/2009
KR 10-1070525 Bl 05/10/2011
KR 10-2009-0006150 A 14/01/2009
US 2007-0235085 Al 11/10/2007
US 2008-0041311 Al 21/02/2008
US 2008-0149031 Al 26/06/2008
US 2009-0314370 Al 24/12/2009
US 2010-0006167 Al 14/01/2010
US 7562672 B2 21/07/2009
US 7748400 B2 06/07/2010
US 7832432 B2 16/11/2010
US 8951478 B2 10/02/2015
WO 2007-115000 A2 11/10/2007
US 2009-0114157 Al 07/05/2009 US 2007-0079759 Al 12/04/2007
US 7464917 B2 16/12/2008
US 7699295 B2 20/04/2010
WO 2007-044208 A2 19/04/2007
US 2008-0216743 Al 11/09/2008 CN 1678767 A 05/10/2005
CN 1795290 A 28/06/2006
CN 1795290 B 16/06/2010
EP 1529125 A2 11/05/2005
EP 1636400 Al 22/03/2006
JP 05342110 B2 13/11/2013
JP 05583078 B2 03/09/2014
JP 2005-533179 A 04/11/2005
JP 2007-501536 A 25/01/2007
JP 2011-176369 A 08/09/2011
KR 10-1104058 Bl 06/01/2012
KR 10-2005-0029221 24/03/2005
US 2004-0013577 Al 22/01/2004
US 2004-0014320 Al 22/01/2004
US 2005-0189072 Al 01/09/2005
US 2006-0257295 Al 16/11/2006
US 2007-0067609 Al 22/03/2007

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2015/038296
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2007-0089817 Al 26/04/2007
US 2007-0110898 Al 17/05/2007
US 2009-0011129 Al 08/01/2009
US 2009-0151633 Al 18/06/2009
US 6905541 B2 14/06/2005
US 7186385 B2 06/03/2007
US 7270709 B2 18/09/2007
US 7429361 B2 30/09/2008
US 7524374 B2 28/04/2009
US 7569191 B2 04/08/2009
US 7588736 B2 15/09/2009
US 7597758 B2 06/10/2009
US 7678194 B2 16/03/2010
US 8062422 B2 22/11/2011
WO 2004-007793 A2 22/01/2004
WO 2004-106584 Al 09/12/2004

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report

