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METHODS AND APPARATUS FOR DEPOSITING MATERIALS ON A

CONTINUOUS SUBSTRATE

FIELD

[0001] Embodiments of the present disclosure generally relate to continuous tow

processing systems and in particular to continuous tow processing systems for
depositing coatings on a tow material, such as fiber, using for example directed

vapor deposition or chemical vapor infiltration.

BACKGROUND

[0002] Ceramic matrix composites (CMCs) are comprised of ceramic fibers
embedded in a ceramic matrix. CMCs were developed to address limitations with
conventional technical ceramics that prohibit use at high-temperatures and in
oxidizing environments. Conventional unreinforced technical ceramics, including
alumina, silicon carbide, aluminum nitride, silicon nitride, and zirconia, have low
crack resistance and therefore fracture easily under mechanical and thermo-
mechanical loading. These material limitations can be addressed by integrating
multi-strand long ceramic fibers to enable greater elongation to rupture, fracture

toughness, thermal shock resistance, and dynamic fatigue resistance.

[0003] Non-oxide polycrystalline ceramic fiber, typically silicon carbide (SiC) fiber,
is used as continuous-length structural reinforcement in ceramic matrix composites
(CMC). SiC-based ceramic fiber for CMC manufacture has small diameter, high
thermal conductivity, low surface roughness, and a carbon-free surface.
Furthermore, SiC-based ceramic fiber has high tensile strength as-produced, at high

temperature, under high mechanical stress, as well as in oxidizing environments.

[0004] Chemical vapor infiltration (CVI) is used to produce an environmental
barrier in the form of a thin conformal encapsulation layers on ceramic fibers. In
general, the coated fiber has mechanical, thermal, and chemical advantages to un-
coated fiber. Boron nitride (BN) and carbon-containing crack-deflecting interfacial
coatings on SiC-based fiber surfaces improve SiC-based fiber oxidation resistance
at high temperatures. Typically, barrier material such as boron nitride (BN) and

carbon-containing crack-deflecting interfacial coatings are deposited on ceramic



WO 2017/210583 PCT/US2017/035728

fibers in multiple sequential coating processes (i.e., one coating process for each
layer) using individual deposition systems, separated by vacuum breaks for transfer
of the ceramic fibers to each deposition system. However, depositing the coating in
multiple sequential steps using individual deposition systems is time-consuming,

costly, and inefficient.

[0005] Accordingly, the inventors have provided improved processing systems for

depositing coatings on a continuous substrate, such as a tow material.

SUMMARY

[0006] Methods and apparatus for depositing material on a continuous substrate
are provided herein. In some embodiments, an apparatus for processing a
continuous substrate includes: a first chamber having a first volume; a second
chamber having a second volume fluidly coupled to the first volume; and a plurality
of process chambers, each having a process volume defining a processing path
between the first chamber and the second chamber, wherein the process volume of
each process chamber is fluidly coupled to each other, to the first volume, and to the
second volume, and wherein the first chamber, the second chamber, and the
plurality of process chambers are configured to process a continuous substrate that
extends from the first chamber, through the plurality of process chambers, and to the

second chamber.

[0007] In some embodiments, an apparatus for processing a substrate includes: a
first chamber having a first volume; a second chamber having a second volume
fluidly coupled to the first volume; and a plurality of process chambers, each having
a process volume defining a processing path between the first chamber and the
second chamber, wherein the process volume of each process chamber is fluidly
coupled to each other, to the first volume, and to the second volume, and wherein
the first chamber, the second chamber, and the plurality of process chambers are
configured to process a continuous substrate that extends from the first chamber,
through the plurality of process chambers, and to the second chamber; a moveable
first carriage configured to rotatably support a spool within the first volume of the first
chamber; a first robot assembly movably disposed within the first volume; a transfer

assembly movably disposed through the plurality of process chambers; an second
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robot assembly movably disposed within the second volume; and a moveable
second carriage configured to rotatably support a spool within the second volume of
the second chamber, wherein the first robot assembly, the transfer assembly, and
the second robot assembly operate to transfer an initial portion of a continuous
substrate on a first spool rotatably disposed on the first carriage through the plurality

of process chambers and to a rotatable spool disposed on the second carriage.

[0008] In some embodiments, a method of processing a continuous substrate
includes: feeding a continuous substrate from a first chamber through a plurality of
process chambers to a second chamber, wherein the continuous substrate is
unwound from a first spool within the first chamber and wound onto a second spool
within the second chamber; and depositing a ceramic or metal material onto the

continuous substrate in the plurality of process chambers.
[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. However, the
appended drawings illustrate only typical embodiments of the disclosure and are
therefore not to be considered limiting of scope, for the disclosure may admit to

other equally effective embodiments.

[0011] Figures 1A-1G depict examples of apparatus for depositing material on a
continuous substrate in accordance with some embodiments of the present

disclosure.

[0012] Figure 2 depicts an automatic feed for apparatus for depositing material on
a continuous substrate in accordance with some embodiments of the present

disclosure.

[0013] 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. Elements and

3
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features of one embodiment may be beneficially incorporated in other embodiments

without further recitation.

DETAILED DESCRIPTION

[0014] Embodiments of the present disclosure advantageously provide improved

apparatus for depositing material on a continuous substrate. Embodiments of the
present disclosure advantageously improve the time, cost, and efficiency of
depositing multiple coatings on a continuous substrate. In particular, embodiments
of the present disclosure advantageously improve the time, cost, and efficiency of
depositing multiple coatings on a continuous substrate comprising a tow, such as
tow comprising non-oxide polycrystalline ceramic fibers (for example, silicon carbide
(SiC) fibers).

[0015] Figures 1A-1G depict examples of an apparatus 100 for depositing material
on a continuous substrate in accordance with some embodiments of the present
disclosure. As used herein, a continuous substrate refers to a substrate that extends
beyond the bounds of a process chamber where a deposition process occurs and
moves through the process chamber such that the process continues indefinitely
until the end of the substrate is reached, rather than in a discrete batch process
performed on a substrate completely contained within the process chamber. In
some embodiments, the continuous substrate is a bundle of continuous filaments or
fibers, for example ceramic fibers (e.g., alumina, silicon carbide, aluminum nitride,

silicon nitride, zirconia), commonly referred to as a tow.

[0016] As depicted in Figures 1A-1G, the apparatus 100 comprises a first chamber
102 having a first volume 104 and a second chamber 106 having a second volume
108 fluidly coupled to the first volume 104. The apparatus 100 comprises a plurality
of process chambers 110. Each process chamber 110 has a process volume 112
defining a processing path 114 between the first chamber 102 and the second
chamber 106. The process volumes 112 of each process chamber 110 are fluidly
coupled to each other, to the first volume 104, and to the second volume 108. In
other words, there is a continuous, fluidly coupled path from the first volume 104,
through each of the process volumes 112, to the second volume 108. In some

embodiments, each process chamber 110 is a chemical vapor deposition or
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chemical vapor infiltration chamber suitable for producing a barrier in the form of a
thin conformal encapsulation layers on the ceramic fibers. Each process chamber
can be configured to deposit a different material onto the continuous substrate as
the continuous substrate passes through the respective process chamber 110. For
example, the process chambers 110 can be configured to deposit one or more
ceramic or metal layers on the continuous substrate. In one specific example, a first
process chamber 110 can be configured to deposit boron nitride (BN) onto the
continuous substrate, a subsequent, second process chamber 110 can be
configured to deposit silicon boron nitride (SiBN) onto the continuous substrate, and
a subsequent, third process chamber 110 can be configured to deposit silicon nitride

(SiN) onto the continuous substrate.

[0017] While Figures 1A-1G depict an apparatus 100 having three process
chambers 110, more or less than three process chambers 110 may be utilized
dependent upon the number of coatings to be deposited onto the continuous

substrate, or tow.

[0018] In some embodiments, as depicted in Figure 1A, 1B, and 1C each process
volume 112 is positioned linearly between the first chamber 102 and the second
chamber 106 to provide a linear processing path 114 between the first chamber 102
and the second chamber 106. In some embodiments, as depicted in Figure 1A and
1C, the plurality of process chambers 110 are stacked vertically atop the first
chamber 102 and the second chamber 106 is stacked atop the plurality of process
chambers 110 such that the processing path 114 ascends linearly from the first
chamber 102 to the second chamber 106. In some embodiments, as depicted in
Figure 1B, the plurality of process chambers 110 are positioned horizontally, side-by
side between the first chamber 102 and the second chamber 106 such that the
processing path 114 proceeds horizontally from the first chamber 102 to the second
chamber 106. The embodiments, depicted in Figures 1A, 1B, and 1C
advantageously eliminate a change of direction in the processing path 114 thus
reducing risk of damage to the tow and reducing damaged tow material from getting
caught in the system machinery. The embodiments, depicted in Figures 1A, 1B, and
1C also advantageously improve ease of serviceability of the process chambers
110.
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[0019] In some embodiments, as depicted in Figures 1D and 1E, each process
volume 112 is positioned parallel to each other with a reversed course of travel for
the continuous substrate. In Figures 1D and 1E, the processing path 114 from the
first chamber 102 to the second chamber 106 through the plurality of process
chambers 110 is serpentine. As used herein, the term serpentine means to move in
a winding path, for example in an “s” shape or repeated “s” shapes. As depicted in
Figure 1D and 1E, the tow travels along the processing path 114 in a first direction
from the first chamber 102 through a first process chamber 110. The tow reverses
direction within a turn chamber 120 and continues along the processing path 114 in
a second direction, opposite the first direction, through a second process chamber
110. The tow reverses direction again within another turn chamber 120 and
continues along the processing path 114 in a third direction, opposite the second
direction, through a third process chamber 110. While Figures 1D and 1E depict a
serpentine processing path 114 through three process chambers 110, more or less
than three process chambers 110 may be utilized with the processing path 114
winding through the more or less than three process chambers in the manner
described above. In addition, each change in direction does not need to be 180
degrees. The embodiments, depicted at Figures 1D, and 1E advantageously reduce

the footprint of the apparatus 100.

[0020] In some embodiments, as depicted in Figure 1F, each process volume 112
Is positioned at an angle to each other (e.g., non-linearly). For example, in some
embodiments, and as depicted in Figure 1F, each transition to a new process
chamber 110 may incorporate a change in direction of the continuous substrate. In
some embodiments, the change in direction can sequentially proceed in the same
direction. For example, as shown in Figure 1F, the change in direction is about 45
degrees between each process chamber 110, such that the initial process direction
and the final process direction are perpendicular (i.e., the total change in direction is
90 degrees). The angle between each process chamber, and/or the overall change
in process direction can be selected to balance the amount of change in direction as
well as the overall footprint of the system. The embodiment of Figure 1F
advantageously reduces the change of direction in the processing path 114 as

compared to that shown in Figures 1D-1E (i.e., a reversal of direction) and also
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improves ease of serviceability of the process chambers 110. Similarly, Figure 1G
depicts an embodiment where at least one process chamber 110 is offset from the
remaining process chambers 110 to reduce the footprint while minimizing change in

direction of the processing path 114.

[0021] In some embodiments, for example as depicted in Figures 1A, 1B, 1F, and
1G each process chamber 110 is separated from an adjacent process chamber 110
by a fourth chamber 116 having a fourth volume 118 fluidly coupled to the process
volume 112 of each adjacent process chamber 110. The fourth chamber 116
contains multiple actuated rollers. The tow passes between the rollers which causes
the individual fibers within the tow to move relative to each other, thus improving the
efficiency of the chemical vapor infiltration process performed in the process

chambers 110

[0022] In some embodiments, as depicted in Figure 1A, a third chamber 122 is
coupled to the first chamber 102. The third chamber 122 has a third volume 124
fluidly coupled to the first volume 104. A valve 126 is disposed between the first
chamber 102 and the third chamber 122. The valve 126, when closed, seals the
first volume 104 from the third volume 124. The valve 126 may be any suitable

valve, such as a slit valve or the like.

[0023] The third chamber 122 functions as an antechamber to the first chamber.
The continuous substrate, such as the tow, is provided on a reel and placed in the
first chamber 102 via the third chamber 122. The tow unwinds from the spool and
travels through the processing system to the second chamber 106 where the tow

winds onto a second spool.

[0024] In some embodiments, as depicted in Figure 1, a fifth chamber 128 is
coupled to the second chamber 106. The fifth chamber 128 has a fifth volume 130
fluidly coupled to the second volume 108. A valve 132 is disposed between the
second chamber 106 and the fifth chamber 128. The valve 132, when closed, seals
the second volume 108 from the fifth volume 130. The valve 132 may be any
suitable valve, such as a slit valve or the like. The fifth chamber 128 functions as an

antechamber to the second chamber 106.
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[0025] While not specifically shown, the embodiments of Figures 1B-1F may also
have antechambers (i.e., a third chamber 122 and fifth chamber 128) and valves
126, 132 in the manner described above to facilitate loading and unloading of the

continuous substrate from the processing system.

[0026] In some embodiments, the apparatus 100 comprises a system 200 to
automatically transfer the continuous substrate, such as the tow, from the first
chamber 102 (for example on a first spool having unprocessed tow wound thereon),
through the processing chambers 110, to the second chamber 106 (for example to a
second spool onto which the processed tow is to be wound). The system 200
comprises a first carriage 202 within the first volume 104 of the first chamber 102.
The first carriage 202 can slide between the third chamber 122 (e.g., the ante-
chamber, or loading chamber) and the first chamber 102. The first carriage 202
holds a first spool 204 having the continuous substrate, or tow, wound on the spool.
The first spool 204 is connected to a motor which rotates the first spool 204 to
unwind the tow. Once the first spool 204 is within the first volume 104, the valves
126, 132 to the third chamber 122 and fifth chamber 128 are sealed. Slit valves 268
within the first chamber 102 and the second chamber 106 are opened and the first
volume 104 the second volume 108 and any intervening volume (i.e., process

volume 112 and fourth volume 118) are pumped to a vacuum.

[0027] The continuous substrate, for example, the loose ends of the tow, are
attached to a rod 206. The rod 206 may be a quartz rod. A first robot assembly 208
is used to initiate transfer of the rod 206 holding the continuous substrate through
the respective processing volumes to the second chamber 106. The first robot
assembly comprises a first support beam 210 coupled to an inner sidewall of the first
chamber 102, a first actuating arm 212 having a first end 214 movably coupled to
the first support beam 210 and a second end 216 having a first groove 218 defined
by first sidewalls 220 and a first bottom 222 of the first actuating arm 212. The first
actuating arm 212 moves the rod 206 from a first position 224 to second position
226. At the second position 226 the second end 216 of the first actuating arm 212 is
within the process volume 112 of the process chamber 110. Any process kits

disposed within the process volume(s) 112 of the intervening process chamber(s)
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110 may be retracted to provide clearance for the rod 206 during the tow feed

operation.

[0028] The system 200 further comprises transfer assembly 228 comprising a
second support beam 230 coupled to an inner sidewall of the process chamber 110,
a second actuating arm 232 having a first end 234 movably coupled to the second
support beam 230 and a second end 235 having a second groove 236 defined by
second sidewalls 238 and a second bottom 240 of the second actuating arm 232.
The first actuating arm 212 transfers the rod 206 to the second actuating arm 232
and returns to the first position 224. In order to open a gap for the rod to travel
between the first chamber 102 and the second chamber 106, portions of the process
chamber within the process volume 112 (such as process kit components or other
internal components, not shown) can retract toward the sidewalls of the process
chamber 110. Once the rod 206 is transferred from the first chamber 102 to the
second chamber 106, the retracted portions of the process chamber within the
process volume 112 return to their original positions. The second actuating arm 232
moves the rod 206 from a first position 242 within the process chamber 110
proximate the first chamber 102 to a second position 244 within the process
chamber 110 proximate the second chamber 106. In some embodiments, the
second actuating arm 232 moves the rod 206 from a first position 242 within a first
process chamber 110 proximate the first chamber 102 to a second position 244
within a subsequent process chamber 110 (such as a second or third process
chamber 110, or the like) proximate the second chamber 106. In some
embodiments, when the process chambers 110 are vertically stacked, the second
actuating arm 232 lifts the rod 206 from the first position 242 to the second position
244,

[0029] The system 200 further comprises an second robot assembly 245 to
continue moving the rod 206 (and the continuous substrate attached thereto) from
the process chamber(s) 110 to the second chamber 106. In some embodiments,
the second robot assembly comprises a third support beam 246 coupled to an inner
sidewall of the second chamber 106, a third actuating arm 248 having a first end 250
movably coupled to the third support beam 246 and a second end 252 having a third
groove 254 defined by third sidewalls 256 and a third bottom 258 of the third

9
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actuating arm 248. At a first position 260 within the second chamber 106, the
second end 252 of the third actuating arm 248 is within the process volume 112 of a
process chamber 110. The second actuating arm 232 transfers the rod 206 to the
third actuating arm 248 and returns to the first position 242. The third actuating arm
248 moves from the first position 260 to a second position 262 within the second

volume 108.

[0030] The system 200 further comprises a second carriage 264 within the
second volume 108 of the second chamber 106. The second carriage 264 can slide
between the fifth chamber 128 (e.g., an antechamber or unloading chamber) and the
second chamber 106. The second carriage 264 holds a second spool 266. The
second spool 266 is coupled to a motor and rotates to engage with and remove the
rod 206 from the third actuating arm 248. For example, the second spool 266 may
include a recess 267 sized to receive and capture the rod 206 as the second spool
266 rotates. The second spool 266 rotates to wind the continuous substrate (e.g.,
the tow) onto the second spool 266. Prior to winding onto the second spool 266, the
first carriage 202 and the second carriage 264 center the continuous substrate 270
(such as a tow) within the process volume(s) 112 of the process chamber(s) 110.
The first spool 204 and the second spool 266 rotate simultaneously and deposition
proceeds within the process volume(s) 112 until the loose trailed end of the tow is
released from the first spool 204 and wound on the second spool 266.
Subsequently, the process gases are turned off, the slit valves 268 within the first
chamber 102 and second chamber 106 are closed, the third chamber 122 and fifth
chamber 128 are vented and the second spool 266 with the coated tow is removed

from the system 200.

[0031] 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. An apparatus for processing a continuous substrate, comprising:

a first chamber having a first volume;

a second chamber having a second volume fluidly coupled to the first volume;
and

a plurality of process chambers, each having a process volume defining a
processing path between the first chamber and the second chamber, wherein the
process volume of each process chamber is fluidly coupled to each other, to the first
volume, and to the second volume, and wherein the first chamber, the second
chamber, and the plurality of process chambers are configured to process a
continuous substrate that extends from the first chamber, through the plurality of

process chambers, and to the second chamber.

2. The apparatus of claim 1, wherein the continuous substrate is a ceramic fiber
tow and wherein at least one of the plurality of process chambers is a chemical

vapor deposition or a chemical vapor infiltration chamber.

3. The apparatus of any of claims 1 to 2, further comprising a third chamber,
coupled to the first chamber, and having a third volume fluidly coupled to the first

chamber, wherein the third chamber is selectively sealable from the first chamber.

4. The apparatus of any of claims 1 to 2, wherein each process volume of the
plurality of process chambers is positioned linearly between the first chamber and

the second chamber.

. The apparatus of claim 4, wherein the plurality of process chambers are
stacked atop the first chamber and the second chamber is stacked atop the plurality

of process chambers.

6. The apparatus of claim 4, wherein each process chamber is separated by a
fourth chamber having a fourth volume fluidly coupled to the process volume of each

adjacent process chamber.

11
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7. The apparatus of claim 6, wherein the fourth chamber contains multiple

actuated rollers.

8. The apparatus of any of claims 1 to 2, wherein each process volume is

positioned parallel to each other.

9. The apparatus of claim 8, wherein the processing path from the first chamber
to the second chamber through the plurality of process chambers is serpentine, or
wherein the processing path from the first chamber to the second chamber through

the plurality of process chambers is non-linear.

10. The apparatus of any of claims 1 to 2, wherein each process volume is

positioned at an angle to each other.

11.  The apparatus of claim 10, wherein the angle and the direction of change of
the angle is the same between each successive process volume of the plurality of

process chambers.

12.  The apparatus of any of claims 1 to 2, further comprising:

a moveable first carriage within the first volume of the first chamber;

a first robot assembly movably disposed within the first volume;

a transfer assembly movably disposed through the plurality of process
chambers;

an second robot assembly movably disposed within the second volume; and

a moveable second carriage within the second volume of the second
chamber, wherein the first robot assembly, the transfer assembly, and the second
robot assembly operate to transfer an initial portion of a continuous substrate on a
first spool rotatably disposed on the first carriage through the plurality of process

chambers and to a rotatable spool disposed on the second carriage.

13.  The apparatus of claim 12, wherein the first robot assembly comprises:

12
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a first support beam coupled to an inner sidewall of the first chamber; and

a first actuating arm having a first end movably coupled to the first support

beam, wherein the first actuating arm is movable between a first position and a

second position, wherein at the second position a second end of the first actuating

arm having a first groove defined by first sidewalls and a first bottom of the first

actuating arm is within the process volume of the process chamber, and wherein the

first groove is configured to hold a rod having a first end of the continuous substrate

attached to the rod;

14.

wherein the transfer assembly comprises:

a second support beam coupled to an inner sidewall of the process
chamber; and

a second actuating arm having a first end movably coupled to the
second support beam and a second end having a second groove defined by
second sidewalls and a second bottom of the second actuating arm, wherein
the second groove is configured to receive the rod from the first actuating
arm, and wherein the second actuating arm is moveable from a first position
within the process chamber proximate the first chamber to a second position
within the process chamber proximate the second chamber;
and wherein the second robot assembly comprises:

a third support beam coupled to an inner sidewall of the second
chamber; and

a third actuating arm having a first end movably coupled to the third
support beam and a second end having a third groove defined by third
sidewalls and a third bottom of the third actuating arm, wherein the third
actuating arm is moveable from a first position to a second position within the
second volume, and wherein the second end of the third actuating arm is
within the process volume at the first position to receive the rod from the

second actuating arm.

A method of processing a continuous substrate, comprising:

feeding a continuous substrate from a first chamber through a plurality of

process chambers to a second chamber, wherein the continuous substrate is

13
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unwound from a first spool within the first chamber and wound onto a second spool
within the second chamber; and
depositing a ceramic or metal material onto the continuous substrate in the

plurality of process chambers.
15. The method of claim 14, wherein the continuous substrate is a bundle of

fibers and wherein the deposition process includes a chemical vapor deposition or a

chemical vapor infiltration process.

14



WO 2017/210583 PCT/US2017/035728

116 —

FIG. 1A

e 110

114 —17

116

L 112

110

100

A s A s
T RENZEZZEZ.

7\ AN

J Lol om ||

102 110 110 110 106

100
M

106 —— 108

AN
;

FIG. 1C 114 7 10

NN
A
> )\\

102 — 1




WO 2017/210583 PCT/US2017/035728

214

\
1 C\N
7 Z

10— -

—n
_—
/C}

e
—~
N

AN
NN\
NN

e 106

\C
2 T

FIG. 1D

100
110 ‘2

(7
2}
“ o .

|

102 110

FIG. 1E




WO 2017/210583 PCT/US2017/035728

3/4

116

\
4
e VA
112 el

116 KW/\\

RN

el 112

AN
e )
AN

FIG. 1F

12

116 % 116
= 11\4
///A/ AN »

j_(-}ff% - a

. 110 s
177 9%
‘302/ 112 1\ 112 \ \\-106

110 10




WO 2017/210583 PCT/US2017/035728
4/4 100
M-‘.
200
G SIpiiid

i i

262~ LI AT 264

245-‘”"”“%:{ _;__‘___‘____________l g # ”i’, \‘\.\ \

245+ L\ e 106
256 i AR 5%

V5 it f i Y e o 266
{ 4 e A

260118 £ N 4 -

g4 I 26 T 068
248 e K T 9L
258] |
| Ry
i u_iz:”."_i"_"_”_"_"_i","_“::_u A 244
@
) 112
. 270

226~
208

210 —

224
214 —




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2017/035728

A. CLASSIFICATION OF SUBJECT MATTER
C04B 35/628(2006.01)i, C04B 35/80(2006.01)i, C23C 16/54(2006.01)i, C23C 16/04(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)
C04B 35/628; HOSH 1/24; C23C 16/54; C23C 16/44; CO3C 25/02; C23C 14/56; C23C 11/08; C23C 16/00; C04B 35/80; C23C 16/04

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)
eKOMPASS(KIPO internal) & keywords: ceramic matrix composite, continuous substrate, ceramic fiber,

first chamber, second chamber, process chamber, chemical vapor deposition, chemical vapor infiltration

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 4343836 A (NEWKIRK et al.) 10 August 1982 1-11,14-15
See column 4, lines 51-52; column 5, line 12 - column 6, line 14; claim 1 and
figure 1.
A 12-13
X US 2007-0148346 A1 (KIM et al.) 28 June 2007 1,3-11

See claims 14, 33-36 and figure 1.

X US 2015-0218692 A1 (IHI CORPORATION) 06 August 2015 1-3
See paragraph [0014]; claim 1 and figure 1.

A EP 0226651 Bl (HEWLETT-PACKARD COMPANY) 24 April 1991 1-15
See claims 1, 9 and figure 2.

A EP 0518318 B1 (SUMITOMO ELECTRIC INDUSTRIES, LIMITED) 13 November 1996 1-15
See claims 1, 6 and figure 1.

. . . . 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
28 August 2017 (28.08.2017) 29 August 2017 (29.08.2017)
Name and mailing address of the [SA/KR Authorized officer

International Application Division

Korean Intellectual Property Office LEE GYONG CHEOL
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8611

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



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2017/035728
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 4343836 A 10/08/1982 CA 1153637 A 13/09/1983
DE 3028313 Al 12/02/1981
FR 2462486 Al 13/02/1981
FR 2462486 Bl 26/07/1985
GB 2057018 A 25/03/1981
GB 2057018 B 06/07/1983
JP 56-049040 A 02/05/1981
US 2007-0148346 Al 28/06/2007 TW 200801221 A 01/01/2008
WO 2007-117294 A2 18/10/2007
WO 2007-117294 A3 10/01/2008
US 2015-0218692 Al 06/08/2015 CA 2887725 Al 24/04/2014
CA 2887725 C 06/06/2017
CN 104755654 A 01/07/2015
CN 104755654 B 08/03/2017
EP 2907892 Al 19/08/2015
JP 2014-080307 A 08/05/2014
JP 6003513 B2 05/10/2016
US 2016-0333466 Al 17/11/2016
US 9695504 B2 04/07/2017
WO 2014-061433 Al 24/04/2014
EP 0226651 Bl 24/04/1991 EP 0226651 Al 01/07/1987
EP 0518318 B1 13/11/1996 AU 1811092 A 17/12/1992
AU 653406 B2 29/09/1994
CA 2070753 Al 13/12/1992
DE 69215145 T2 10/04/1997
EP 0518318 Al 16/12/1992
JP 05-124841 A 21/05/1993
KR 10-0123027 Bl 21/11/1997
US 5296011 A 22/03/1994
US 5338328 A 16/08/1994

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 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report

