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used to precisely etch and transfer the desired patterns.
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METHOD OF QUASI ATOMIC LAYER ETCHING

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of U.8. Provisional Patent
Application No. 62/384,161, filed on September 6, 2016, entitled “Method of Quasi

Atomic Layer Etching,” which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] This disclosure relates to semiconductor fabrication including etching of
substrates such as wafers.

10003} Fabrication of integrated circuits (IC) in the semiconductor industry
typically employs plasma processing to create and assist surface chemistry
necessary to remove material from, and deposit material o, a subsirate within a
plasma processing chamber. Examples of plasma processing apparatus include a
plasma CVD {Chemical Vapor Deposition) apparatus configured to deposit a thin film
on a substrate, and a plasma etching apparatus configured to remove material from
a substrate, which can include using an etch mask to defing locations for removing
material. In general, such plasma processing systemas form plasma under vacuum
conditions by flowing a process gas into a processing chamber and heating electrons
to energies sufficient 1o sustain ionizing collisions. Moreover, the heated electrons
can have energy sufficient to sustain dissociative collisions and, therefore, a specific
set of gases under predetermined conditions {e.g., chamber pressure, gas flow rate,
gtc.) are chosen to produce a population of charged species and/or chemically
reactive species suitable to a particular process being performed within the chamber
(e.g., elching processes where materials are removed from the substrate or

deposition processes where materials are added to the subsirate).
SUMMARY
100047 Continued pitch scaling requires advanced circuitry designs to meet

diverse applications and product requirements. Complex circuit designs need to be

fransferred precisely into a final product for circuits and devices to function properly.
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Conventional dry plasma etching, when used for patiern transfer, has challenges in
maintaining CDs of various features in relief patterns. Maintaining CDs during etch
is difficult because such etch processes tend to suffer from pattern density
dependent etching in which transport of reactive and charged species varies, as well
as micro-icading and aspect ratio dependenceas. As pattern density and pitch scaling
increases, there is a strong need for etch processes to eliminate iso-dense ioading
and pattern density effects.

[0005] Technigues herein include a novel etch process employing a quasi-
atomic layer etching (Q-ALE) during softmask open. Mask materials can include, but
are not limited to, carbon, Si0OC, SION and other mask materials. Techniques herein
enable precise transfer of a given mask pattern into an underlying layer.
Embodiments herein include maintaining critical feature dimensions for complicated
mask designs, such as slliptical contact minor vs major axis critical dimension (CD)
ratio, short bar end length, and T- bar bend curvatures.

100086] The Q-ALE process herein carefully controls polymer deposition with
respact to polymer-assisted etching through a temporal cycle. For example, a
relatively thin layer of conformal polymer (nm thickness range) can be used to
precisaly etch and transfer the desired relief pattern to an underlying layer. Through
precise control of the process temporal cycle, plasma chemistry and process
temperature, critical features can be transferred into a substrate with a wide range of
CD tuning capabilities based on product requirements.

10007} Of course, the order of discussion of the different steps as described
herein has been presented for clarity sake. In general, these steps can be
performed in any suitable order. Additionally, although each of the different features,
techniques, configurations, etc. herein may be discussed in different places of this
disclosure, it is intended that each of the concepts can be executed independenily of
each other or in combination with each other. Accordingly, the present invention can
be embodied and viewed in many different ways.

[0008] Note that this summary section does not specify every embodiment
and/or incrementally novel aspect of the present disclosure or claimed invention.
Instead, this summary only provides a preliminary discussion of different
embodiments and corresponding points of novelty over conventional techniques.

For additional details and/or possibie perspectives of the invention and embodiments,
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the reader is directed {o the Detailed Description section and corresponding figures

of the present disclosure as further discussed below.

BRIEF DESCRIPTION OF THE DRAWINGS

100609] A more complete appreciation of various embodiments of the invention
and many of the attendant advantages thereof will become readily apparent with
reference o the following detailed description considered in conjunction with the
accompanying drawings. The drawings are not necessarily to scale, with emphasis
instead being placed upon illustrating the features, principles and concepts.

10010} FIG. 1 is a cross-sectional schematic view of an example subsirate
segment showing a process flow according to embodiments disclosed herein.
10011} FIG. 2 is a cross-sectional schematic view of an example substrate
segment showing a process flow according to embodiments disclosed herein.
10012} FIG. 3 is a cross-sectional schematic view of an example subsirate
segment showing a process flow according to embodiments disclosed herein.
10013} FIG. 4 is a cross-sectional schematic view of an example substrate
segment showing a proceass flow according to embodiments disclosed herein.
10014} FIG. 5 is a cross-sectional schematic view of an example subsirate
segment showing a process flow according to embodiments disclosed herein.
[0015] FIG. 6 is a cross-sectional schematic view of an example substrate
segment showing a process flow according to embodiments disclosed herein.
10016} FIG. 7 is a table of magnified images of substrate segments processed
according to embodiments disclosed herein.

(00177 FIG. 8 is a table of magnified images of substrate segments processed

according to embodiments disclosed heregin.

DETAILED DESCRIPTION

10018} Technigues herein include an elch process that etches a layer of
material incrementally, similar to mono-layer etching of atomic layer etching (ALE),
but ot necessarily including self-limiting, mono-layer action of ALE. Such
technigues can be considerad as quasi-atomic layer etching (Q-ALE). Techniques

herein are beneficial to precision etching applications such as during soft-mask open.
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Technigues herein enable precise transfer of a given mask patiern into an underlying
layer. By carefully controiling the polymer deposition relative to polymer assistied
gtching through its temporal cycle, a very thin layer of conformal polymer can be
activated and used {0 precisely elch and transfer the desired patterns.

[0019] The guasi-atomic layer etching (Q-ALE) process herein carefully
controls polymer deposition with respect to polymer-assisted etching through a
temporal cycle. For example, a relatively thin layer of conformal polymer (thin
meaning in the nanometer thickness range such as single digit nanometers) can be
used to precisely etch and transfer the desired relief pattern {0 an underlying layer.
Through precise control of the process temporal cycle, plasma chemistry and
process temperature, critical features can be transferred into a substrate with a wide
range of CD tuning capabilities based on product requirements.

100207 Technigues herein include a novel etch process employing a quasi-
atomic layer etching (Q-ALE) during soft-mask open. Such soft-mask materials can
include, but are not limited to, carbon, Si0C, SION and other mask materials.
Technigues herein enable precise transfer of a given mask pattern into an underlying
layer. Embodiments herein include maintaining critical feature dimensions for
complicated mask designs, such as elliptical contact minor vs major axis critical
dimension {(CD) ratio, short bar end length, and T- bar bend curvatures.

[0021] C.HF; chemistries are employed along with Argon and oxygen-
containing chemistries in the Q-ALE process herein to produce a uniform, thin layer
of polymer. This thin layer of polymer is used {o etch the soft-mask material. The
conformal polymer deposition is beneficial o maintain pattemn fidelity of a given relief
pattern being used as an etch mask. Through the precision depo-etch cycie herein,
only the deposited polymer is being consumed during etch. Incoming photorasist is
untouched after the process reaches its depo-etch equilibrium. Consequently, sich
selectivity of the photoresist is greatly improved as compared {o conventional
continuous wave plasma eich. For EUV resist, a given seleclivity is improved by two
to three times, which is important to EUV lithography implementation in high volume
manufacturing because EUV resists are generally very thin and can be etched away
gasily. Photoresist selectivity improvement herein also provides a benefit that can
be extended to other conventional chemically amplified resists, such as 193 nm

rasist.
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[0022] Through precise control of the process temporal cycle, plasma
chemistry, and process temperature, critical features can be transferred into an
underlying layer with a tunable etch to photo CD bias. The process can provide a
wide range of CD bias where positive CD growth, zero CD bias, or a CD reduction
(shrink} of close to 50% of the incoming CD can be achieved while still maintaining a
given CD aspect ratio.

[0023] By using a direct current superposition {DCS) technology, chemically
amplified resist (CAR) photoresist { EUV or 193nm) can be treated 1o further improve
its elch resistance, contact edge roughness (CER), line edge roughness {(LER), and
line width roughness (LWR). With DCS, a negative direct current is applied to an
upper electrode to cause a Tlux of ballistic electrons directed toward a substrate held
below. DCS can also cause a sputtering of silicon onto the given substrate.

10024} Technigues herein can include methods for processing substrates.
Referring now to FIG. 1, a substrate 105 can be received in a processing system,
such as a plasma processing system. Conventional plasma processing sysiems are
known. The substrate 105 has a working surface. The working surface has a relief
pattern 114 formed on an underlying layer 113 such that portions of the underlying
laver are uncoveared. The relief pattern of photoresist can be optionally cured or
hardened using various curing fechniques including direct current superposition to
axpose the substrate to ballistic electrons. In other words, an etch mask is formed
on a given tayer (which may itself become an etch mask). The underlying layer can
be comprised of a soft-mask material. With some photolithography processes, such
as EUV, the EUV photoresist is too thin or not sufficiently resistive for subsequent,
conventional patierning eiches, and so the initial EUV relief paltern can be
fransferred into a soft mask layer prior to etching further into target layers. Note that
techniques herein are not limited to EUV but are aiso applicable to microfabrication
techniques that are actually used for high volume manufacturing including front-end-
of-ling micro fabrication. The subsirate 105 can include one or more base layers 107,
as well as other layers such as planarization layers, etch stop layers, anti-reflective
coatings, et cetera. The relief pattern 114 can be comprised of a photoresist
material including EUV photoresist materials.

[0025] Referring now to FIG. 2, a conformal film deposition process is
axecuied that conformally deposits a polymer film 121-1 on the substrate 105, With

a conformal deposition, material is more or less deposited with a same thickness on
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all surfaces (horizontal and vertical). In this deposition, polymer is deposited at a
single-digit nanometer thickness, including a thickness of less than three nanometers.
[0026] Next, an activation elch process is executed that etches the underlying
layer 113 using the conformal film 121-1 until the conformal film is removed from
horizontal surfaces of the underlying layer 113 that are parallel {o the working
surface of the substrate. Such an eich technique activates the conformally
deposited polymer to react with material of the underlying layer 1o remove a portion
of the underlying layer 113. The portion removed can be greater that a mono layer
of molecules but can etch many layers of molecules to several nanometers. The
polymer film can also be removed from the relief pattern 114, but without removing
material from the relief pattern or without removing substantial material. An example
result is illustrated in FIG. 3. Note that relief pattern 114 remains intact with the initial
conformal film 121-1 having been removed. Also note that underlying layer 113 has
had a portion of material removed where uncovered by the relief pattern 114,

10027] The steps of conformally depositing a thin polymer film, and etching the
underlying layer by activating the polymer film are cycled/repeated until removing a
predetermined amount of the underlying layer (in areas/regions uncovered by the
relief pattern). For example, FIG. 4 illustrates conformal film 121-2 (as a second or
subseqguent conformal film) having been deposited on the subsirate. The conformal
film 121-2 covers the relief pattern 114 as previously deposited, but also covers the
underlying layer 113, extending deeper into the openings. The activating etch is
executed again, which in turn removes more material from underlying layer 113. FIG.
5 jilustrate an example result. Such cycling can continue untll reaching a
predetermined depth such as uncovering lower layers. FIG. 8 illustrates how the
refief pattern 114 has been fully transferred into underlying lving layer 113, The relief
pattern can then be removed and subseguent processing continued, such as using
the soft mask efch mask for conventional etching.

10028] Executing the conformal film deposition can includes maintaining
plasma at a first ion energy, while the activation etch process includes maintaining
plasma at a second ion energy, wherein the second ion energy is greater than the
first ion energy. In alternative embodiments, plasma used during the activation efch
can have a greater plasma density as compared to the deposition step. Processing
can be executed in a same plasma processing chamber and so chamber parameters

can be modified when switching between processes. Executing the conformat film



10

15

20

25

30

WO 2018/048925 PCT/US2017/050310
7

deposition can include using a CxFy process gas. Executing the activation etch
process includes stopping flow of the CxFy process gas. Executing the conformal
film deposition process can include using an isotropic deposition process. Thus,
ions and neutrals can flow toward the substrate without directionality. Executing the
activation elch process, however, can include using an anisotropic etch process to
accelerate ions toward the substrate at an angle normal to the working surface of the
substrate. Executing the conformal film deposition can include controlling a degree
of conformality by selectively using continuous wave plasma or pulsed plasma based
on iso-dense characteristics of a working surface of the substrate. For example, to
compensate for deposition or etching lag, pulsing or continuous wave plasma can be
used. A given subsirate can have features formed thereon with different spatial
densities. In other words, some areas can be isolated from surround structures
(open areas), while other areas have a density of structures such as an array of lines
or fins. Accordingly, plasma deposition as well as polymer eiching can selectively
use different plasma properties 0 result in accurate etching of both isolated and
dense areas on a substrate.

[0029] During the conformal deposition process, ion energy is maintained
below a thrashold aclivation energy that causes activated efching of the polymer film.
ion energy is then at or above this threshold activation energy during the activation
gtch process. If ion energy is (oo high during the deposition step, then some etching
can occur. The threshold energy sufficient for activating etching depends on a
particular polymer selected as well as a particular ion being used. By way of a non-
fimiting example, ion energy of approximately 15 eV can cause activating etching of
silicon oxide in the presence of a fluorine plasma. Also, as disclosed herein,
activated etching can be further controlied by selection of ion mass. For example,
argon, helium, and xenon have different masses. Accordingly, a sputter rate of an
activated etch can be controlled based on a particular ion used to control ion flux.
Executing the activation etch process can include coupling low-frequency bias power
to a plasma proceassing chamber used to process the substrate. Executing the
conformai film deposition includes depositing the polymer film for 1-9 seconds, while
executing the activation etch process includes anisotropically etching the underlying
tayer for 3-8 seconds.

(00307 Thus, with microfabrication techniques herein, a first plasma-based

deposition step is executed which deposits a thin, conformal polymer film. Following
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this deposition step is an etch step or activation step. The activation step removes
underiying material (such as a soft-mask) without removing the relief pattern. During
this activation step, the thin polymer film can be removed/consumed, but the thin
conformal polymer protects the photoresist relief pattern. These steps of depositing
a thin conformal film and executing an activation eich are repeated until the
underlying layer is eiched through or until a predetermined depth of the underlying
tayer has been removed. Although most embodiments are not self-imiting (as with
atomic layer etching), techniques herein can be controlled to deposit relatively thin
films and use these thin films 1o remove underlying matenal such as with an
anisctropic etch. One benefit of techniques herein is that both the deposition and the
etch process can be completed in situ.

[0031] The conformal film deposition process can include flowing a process
gas mix that includes a flucrocarbon (such as C4Fs or C4Fs, and so forth) as well as a
carrier gas such as Argon. Oxygen can also be included in the first process gas
mixture. Plasma can be maintained using high frequency power without fow
frequency (bias) power. Flow of plasma products is isotropic. This conformal film
deposition process can be continued for 1-8 seconds, including 3-6 seconds. This
conformal film deposition process is continued until a thin polymer film 1s deposited
on the substrate. The film is 3 nanometers or less.

[0032] After conformal thin film deposition is complete, an activation etch
proceass is executed that etches the underlying layer using the conformal film until
the conformal film is removed from horizontal surfaces of the underlying layer. For
this activation etch process, a greater ion energy is used. Flow of a particular
fluorocarbon from the deposition step is ceased, and the second process gas
mixture can include just a carrier gas, such as argon. Optionally, oxygen can be
included. The activation etch step applies low frequency power to a subsirate holder
to energize the second process gas mixture and draw ions toward the substrate.
The energy in the ions is transferred to the deposited polymer which in turm removes
part of the underlying layer. This efch step can be continued for 3-9 saeconds or until
the conformal film on the underlying laver is removed, which removes some of the
underlying layer.

[0033] These two process steps—deposition of thin conformal film and etch
activation—are repeated/cycled until a desired amount of underlying layer is

removed. Plasma can remain in the processing chamber during the process step
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cycling. Note that conformal film will also be removed from horizontal surfaces of the
relief pattern, and the relief pattern can be partially etched. Sidewall depositions of
the conformal film can also be removed. Optionally, the etch actlivation step can be
continued until all polymer depositions are removed (horizontal and vertical surfaces),
or until only horizontal surface depositions are removed, thereby leaving sidewall
depositions. Such a technigue can be beneficial for shrink applications in which a
given opening needs to shrink uniformly. This can be difficult with slot openings that
have a long axis and short axis because with prolonged deposition, the y-axis can
shrink more than the x-axis. With technigues herein, however, the successive small
depositions of only a few nanometers {(which can be etched back slightly) are added
to each other yvielding a uniform shrink ratio technigue. Adding more oxygen 1o the
second process gas mixture can assist with complete polymer removal, while
reducing or eliminating oxygen from the second process gas mixture enables leaving
sidewall depositions.

10034] Techniques herein have many beneficial applications. One application
is patiern transfer of EUV resists. EUV resists are typically not as robust as
conventional photoresists. To increase sensitivity of EUV resist, metals are being
added, but such metal additives bring a contamination risk {o etch equipment.
Technigues herein can enable pattern transfer of metal-free EUV resists as
technigues herain can carefully transfer patterns in a layer-by-layer removal process
without destroying EUV resists. Another benefit is shrink control of pattern transfer
for transferring contact openings using conventional photoresists. Oval and slot
openings can be transferred keeping their ratios, and openings can be shrunk while
still maintaining dimensional ratios of openings.

[0035] FIGS. 7 and 8 are magnified images of substrate segments showing
example results of technigues herein realized and the benefits thergof.

[00386] Accordingly, technigues herein present an unique etch process
employing a Q-ALE technique during soft-mask open where dry plasma deposited
conformal polymer is used to eich the mask layer. By consuming only the uniformly
deposited thin polymer layer after reaching depo-eich equilibrium, this process is
able to maintain complex pattern fidelity while provide a wide range of etch CD bias
[0037] in the preceding description, specific details have been set forth, such
as a particular geometry of a processing system and descriptions of various

components and processes used therein. It should be understood, however, that
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technigues herein may be practiced in other embodiments that depart from these
specific details, and that such details are for purposes of explanation and not
imitation. Embodiments disclosed herein have been described with reference to the
accompanying drawings. Similarly, for purposes of explanation, specific numbers,
materials, and configurations have been sat forth in order o provide a thorough
understanding. Nevertheless, embodiments may be practiced without such specific
details. Components having substantially the same functional constructions are
denoted by like reference characters, and thus any redundant descriptions may be
omitted.

[0038] Various technigues have been described as multiple discrete
operations o assist in understanding the various embodiments. The order of
description should not be construed as to imply that these operations are necessarily
order dependent. Indeed, these operations need not be performed in the order of
presentation. Operations described may be performed in a different order than the
described embodiment. Various additional operations may be performed andfor
described operations may be omitted in additional embodiments.

10039] “Substraie” or “target substrate” as used herein generically refers to an
ohject being processed in accordance with the invention. The substrate may include
any material portion or structure of a device, particularly a semiconductor or other
glectronics device, and may, for example, be a base substrate structure, such as a
semiconductor wafer, reticle, or a layer on or overlying a base substrate structure
such as a thin film. Thus, substrate is not limited to any particular base structure,
underlying layer or overlying layer, patierned or un-patterned, but rather, is
contemplated to include any such layer or base structure, and any combination of
layers and/or base structures. The description may reference particular types of
substrates, but this is for illusirative purposes only.

100407 Those skilled in the art will also understand that there can be many
variations made 1o the operations of the techniques explained above while still
achieving the same objectives of tha invention. Such variations are intended to be
covered by the scope of this disclosure. As such, the foregoing descriptions of
embodiments of the invention are not intended {0 be limiting. Rather, any imitations

to embodiments of the invention are presented in the foliowing claims.
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CLAIMS

1. A method of processing a substrate, the method comprising:

receiving a substrate having a working surface, the working surface having a
relief pattern formed on an underlying layver such that portions of the underlying layer
are uncovered;

executing a conformal film deposition process that conformally deposits a
polymer film on the substrate, wherein the polymer film has a thickness of less than
three nanometers;

executing an activation etch process that etches the underlying layer using
the conformal film until the conformal film is removed from horizontal surfaces of the
underlying layer that are parallel to the working surface; and

cycling steps of conformal film deposition and activation etch until removing a

predetermined amount of the underlying layer that is uncovered by the relief pattern.

2. The method of claim 1, wherein the relief pattern is comprised of photoresist

material.

3. The method of claim 2, wherein the photoresist material is EUV photoresist.

4. The method of claim 1, wherein the underlying layer is a soft-mask material.

5. The method of claim 1, wherein executing the conformal film deposition includes
maintaining plasma at a first ion energy, and whereain executing the activation etch
proceass includes maintaining plasma at a second ion energy, wherein the second ion

energy is greater than the first ion energy.

6. The method of claim 5, wherein the first ion energy is below a threshold energy
sufficient for activating etching of a particular deposition material and ion

combination.

7. The method of claim 1, wherein executing the conformal film deposition includes
using a CiFy process gas, and wherein executing the activation etch process

includes stopping flow of the C.Fy process gas.
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8. The method of claim 1, wherein executing the conformal film deposition process
includes using an isotropic deposition process, and wherein executing the activation

gtch process includes using an anisotropic etch process.

9. The method of claim 1, wherein executing the activation etch process includes

coupling low-freguency bias power {0 a plasma processing chamber.

10. The method of claim 1, wherein executing the conformal film deposition includes
depositing the polymer film for 1-8 seconds, and wherein executing the activation

etch process includes anisotropically etching the underlying layer for 3-9 seconds.

11. The method of claim 1, wherein executing the conformal film deposition includes
controlling a degree of conformality by selectively using continuous wave plasma or
pulsed plasma based on iso-dense characteristics of a working surface of the

substraie.

12. A method of processing a substrate, the method comprising:

receiving a substrate having a working surface, the working surface having a
relief pattern formed on an underlying layer such that portions of the underlying layer
are uncoverad;

executing a conformal film deposition process that conformally deposits a
polymer film on the substrate, wherein the conformal film deposition process is
executed for 1-9 seconds:

executing an activation etch process that eiches the underlying layer for 3-8
seconds using the conformal film; and

cycling steps of conformal film deposition and activation etch until removing a

predetermined amount of the underlying layer.

13. The method of claim 12, wherein relief pattern is a soft-mask material.

14. The method of claim 12, wherein executing the conformal film deposition
includes maintaining plasma at a first plasma density, and wherein executing the
activation eich process includes maintaining plasma at a second plasma density,

wherein the first plasma density is greater than the second plasma density.
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15. The method of claim 12, wherein executing the conformal film deposition
includes using a C.Fy process gas, and wherein executing the activation etch

process includes stopping flow of the CxFy process gas.

16. The method of claim 12, wherein executing the conformal film deposition
process includes using an isotropic deposition process, and wherein executing the

activation etch process includes using an anisotropic etch process.

17. The method of claim 12, wherein executing the activation etch process includes

coupling low-frequency bias power to g plasma proceassing chamber.
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2017/050310

A. CLASSIFICATION OF SUBJECT MATTER

HO1L 21/3065(2006.01)i, HO1L 21/02(2006.01)i, HO1L 21/3213(2006.01)i, GO3F 7/20(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO1L 21/3065; GO3F 7/32; GO3F 7/40; HO1L 21/28, GO3F 7/004; HO1L 21/316; GO3F 7/20, HOIL 21/02; HOIL 21/3213

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electromnic data base consulted during the international search (name of data base and, where practicable, search terms used)
¢KOMPASS(KIPO internal) & Keywords:extreme ultraviolet, patterning, polymer, quasi atomic layer etch

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

ISSN: 0734-211X
See page 2768.

A YANNICK FEURPRIER et al., Trench and hole patterning with EUV resists using
dual frequency capacitively coupled plasma (CCP), PROCEEDINGS OF SPIE,
October 2007, Vol. 9428, pages 94280F-1 - 94280F-10, doi: 10.1117/12.2086519
See pages 94280F-5 - 942B80F-9 and figures 6-10.

A CHANGWOONG CHU et al., Effects of fluorocarbon polymer deposition on the
selective etching of Si0 2 /photoresist SiO2/photoresist in high density
plasma, JVSTB, December 2000, Vol. 18, No. 6, pages 2763-2768,

A US 2016-0109804 A1 (TOKYO ELECTRON LIMITED) 21 April 2016
See paragraphs [0019]-[0036] and figures 1A-1G.

A US 2012-0219902 A1 (YOUNG CHEOL BAE et al.) 30 August 2012
See paragraphs [0044]-[0059] and figures 1A-1E.

A KR 10-2013-0102504 A (TOKYO ELECTRON LIMITED) 17 September 2013
See paragraphs [00421-[0046] and figures 4a—4f.
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|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"0" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theoty undetlying the invention

"X" document of particular re¢levance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent famity

Date of the actual completion of the international search
15 December 2017 (15.12.2017)

Date of mailing of the international search report

15 December 2017 (15.12.2017)

Name and mailing address of the ISA/KR

International Application Division

Korean Intellectual Property Office

189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

LEE, Dong Wook

Telephone No. +82-42-481-8163

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




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2017/050310
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2016-0109804 A1l 21/04/2016 EP 3010035 Al 20/04/2016
JP 2016-081065 A 16/05/2016
KR 10-2016-0045036 A 26/04/2016
TW 201626438 A 16/07/2016
TW 1582830 B 11/05/2017
US 9791779 B2 17/10/2017
US 2012-0219902 A1l 30/08/2012 CN 102681348 A 19/09/2012
CN 102681348 B 12/11/2014
EP 2492750 Al 29/08/2012
JP 2012-181524 A 20/09/2012
JP 5952029 B2 13/07/2016
KR 10-2012-0098541 A 05/09/2012
TW 201245247 A 16/11/2012
TW 1461447 B 21/11/2014
KR 10-2013-0102504 A 17/09/2013 TW 201401435 A 01/01/2014
TW 1514516 B 21/12/2015
US 2013-0237060 Al 12/09/2013
US 8592327 B2 26/11/2013

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




	Page 1 - front-page
	Page 2 - description
	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 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report

