w0 20177205714 A1 | 0K 0000 O OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
30 November 2017 (30.11.2017)

(10) International Publication Number

WO 2017/205714 A1

WIPO I PCT

(51) International Patent Classification:
HOIL 21/02 (2006.01) HO11 21/683 (2006.01)
C23C 16/56 (2006.01)

(21) International Application Number:
PCT/US2017/034622

(22) International Filing Date:
26 May 2017 (26.05.2017)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

15/165,930 26 May 2016 (26.05.2016) US

(71) Applicant: APPLIED MATERIALS, INC. [US/US];
3050 Bowers Avenue, Santa Clara, California 95054 (US).

(72) Imventors: TREJO, Orlando; 360 W. Olive, Apt. 8, Sun-
nyvale, California 94086 (US). SANKARAKRISHNAN,
Ramprakash; 111 Saratoga Avenue, Apt. 2218, Santa
Clara, California 95051 (US). GUNG, Tza-Jing; 933 Sun-
bonnet Loop, San Jose, California 95125 (US).

Agent: PATTERSON, B. Todd et al.; Patterson & Sheri-
dan, L.L.P., 24 Greenway Plaza, Suite 1600, Houston,
Texas 77046 (US).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,

(54) Title: PROCESSING CHAMBER WITH IRRADIANCE CURING LENS

100
122 10 12 e
120 ) 124 > 124
( ? [
7 7 1 7
\ [ | U [} L 104
(102
1
112\ 108 /\__/126
b . 128
0
P o T o ol e 5 s R v o B NG e Y
7 /
106~ )
116
118
114/ - 101
FIG. 1

(57) Abstract: Embodiments disclosed herein relate to a processing chamber having a lens disposed therein. In one embodiment, the
processing chamber includes a chamber body, a substrate support assembly, a light source, and a lens. The chamber body defines an
interior volume of the processing chamber. The interior volume has a first area and a second area. The substrate support assembly is
disposed in the second area. The substrate support assembly is configured to support a substrate. The light source is disposed above the
substrate support assembly in the first area. The lens is disposed between the light source and the substrate support assembly. The lens
includes a plurality of features formed therein. The plurality of features is contigured to preferentially direct light from the light source
to an area of interest on the substrate when disposed on the substrate support assembly.
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PROCESSING CHAMBER WITH IRRADIANCE CURING LENS

BACKGROUND

Field

[0001] Embodiments described herein generally relate to a processing chamber, and
more specifically, to an ultra-violet (UV) curing chamber for UV curing of thin films on

a substrate.
Description of the Related Art

[0002] Silicon containing materials such as silicon oxide, silicon carbide and carbon
doped silicon oxide films are frequently used in the fabrication of semiconductor
devices. Silicon-containing films can be deposited on a semiconductor substrate
through various deposition processes, one example of which is chemical vapor
deposition (CVD). For example, a semiconductor substrate may be positioned within
a CVD chamber, and a silicon containing compound may be supplied along with an
oxygen source to react and deposit a silicon oxide film on the substrate. In other
examples, organosilicon sources may be used to deposit a film having Si—C bond.
Film layers made by CVD processes may also be stacked to form composite films.
In some processes, ultraviolet (UV) radiation can be used to cure, densify, and/or
relieve internal stresses of films or film layers created by the deposition process.
Additionally, byproducts such as water, organic fragments, or undesired bonds may
be reduced or eliminated. The use of UV radiation for curing and densifying CVD
films can also reduce the overall thermal budget of an individual wafer and speed up

the fabrication process.

[0003] UV curing of thin films oftentimes results in radial non-uniformities on the
surface of the substrate. Characteristics such as thickness, density, and shrinkage
may differ across the substrate. Currently, control of processing parameters is used
to optimize on-substrate uniformity without having the change hardware
components. Unfortunately, these controls cannot address all uniformity issues

present during UV curing.

[0004] Thus, there is a need for an improved UV curing chamber.
1
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SUMMARY

[0005] Embodiments disclosed herein relate to a processing chamber having a lens
for enhancing UV curing. In one embodiment, the processing chamber includes a
chamber body, a substrate support assembly, a light source, and a lens. The
chamber body defines an interior volume of the processing chamber. The interior
volume has a first area and a second area. The substrate support assembly is
disposed in the second area. The substrate support assembly is configured to
support a substrate. The light source is disposed above the substrate support
assembly in the first area. The lens includes a plurality of features formed therein.
The plurality of features is configured to direct light from the light source to an area of

interest on the substrate when positioned on the substrate support assembly.

[0006] In another embodiment, a processing chamber is disclosed herein. The
processing chamber includes a chamber body, a substrate support assembly, a light
source, a primary reflector, a secondary reflector, and a lens. The chamber body
defines an interior volume of the processing chamber. The interior volume has a first
area and a second area. The substrate support assembly is disposed in the second
area. The substrate support assembly is configured to support a substrate. The
light source is disposed above the substrate support assembly in the first area. The
primary reflector is disposed in the first area. The primary reflector at least partially
surrounds the light source. The secondary reflector is disposed in the first area
below the primary reflector and above the substrate support assembly. The
secondary reflector is configured to channel light from the light source to a surface of
the substrate. The lens is disposed in the interior volume. The lens has a plurality of
features formed therein. The features are configured to direct the channeled light

from the secondary reflector to an area of interest on the substrate.

[0007] In another embodiment, a method of UV processing a substrate is disclosed
herein. The method includes channeling UV light using a reflector. The channeled
UV light is directed with a lens having a plurality of features formed therein towards
an area of interest on the substrate positioned in a UV processing chamber. The
method further includes changing a property of the film by exposure to the directed
UV light.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited features of the present
disclosure can be understood in detail, a more particular description of the
disclosure, briefly summarized above, may be had by reference to embodiments,
some of which are illustrated in the appended drawings. It is to be noted, however,
that the appended drawings illustrate only typical embodiments of this disclosure and
are therefore not to be considered limiting of its scope, for the disclosure may admit

to other equally effective embodiments.

[0009] Figure 1 is a cross-sectional view of a curing chamber, according to one
embodiment.

[0010] Figure 2 is a top view of a lens of Figure 1, according to one embodiment.

[0011] Figure 3 is a cross-sectional view of the lens of Figure 2, taken across the B-B

line, according to one embodiment.

[0012] Figure 4 is a cross-sectional view of a UV curing chamber, according to

another embodiment.

[0013] For clarity, identical reference numerals have been used, where applicable, to
designate identical elements that are common between figures. Additionally,
elements of one embodiment may be advantageously adapted for utilization in other

embodiments described herein.

DETAILED DESCRIPTION

[0014] Figure 1 illustrates a cross-sectional view of a UV processing chamber 100
with a lens 128 configured to direct UV light within the chamber 100, according to
one embodiment. The UV processing chamber 100 includes a chamber body 102.
The chamber body 102 includes an upper housing 104 and a lower housing 106.
The upper housing 104 defines an upper area 108. The lower housing 106 defines a
lower area 110 below the upper area 108. The upper area 108 and the lower area

110 collectively define an interior volume 112 of the UV processing chamber 100.

[0015] The UV processing chamber 100 further includes a substrate support

assembly 114 disposed in the lower area 110. The substrate support assembly 114

3
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includes a support plate 116 and a stem 118 coupled to the support plate 116. The

support plate 116 is configured to support a substrate 101 during processing.

[0016] The UV processing chamber 100 may further include a light source 120
and a primary reflector 124 disposed in the upper area 108. The light source 120
may be, for example, a UV lamp. The light source 120 includes a bulb 122. The
bulb 122 may be at least partially surrounded by the primary reflector 124. The
primary reflector 124 is configured to reflect the light radiation towards the substrate
support assembly 114. In one embodiment, the UV processing chamber 100 further
includes a secondary reflector 126 disposed in the upper area 108. The secondary
reflector 126 is positioned beneath the primary reflector 124 and above the substrate
support assembly 114. The secondary reflector 126 has a diameter that is smaller
than a diameter of the substrate. This ensures that there is no gap between the
secondary reflector 126 and the outside diameter of the substrate 101 as viewed
from the direction of the light source 120. The secondary reflector 126 functions to
channel the light generated by the bulb 122, reflecting the light that would otherwise
fall outside on the boundary of the primary reflectors’ flood pattern such that the
radiation impinges upon the substrate 101, thus allowing the substrate 101 to be UV

processed.

[0017] Conventionally, several variable process control parameters (i.e., knobs)
are used to adjust process uniformity without the need to change hardware
components. For example, these knobs may include controlling the spacing
between the substrate 101 and the light source 120, controlling the intensity of the
bulb 122, position and shape of the primary reflectors 124, and the position and
shape of the secondary reflector 126. However, these knobs may be difficult to
optimize the uniformity of substrate processing results across the entire width of the
substrate 101. However, a knob to control the intensity near the edge of the

substrate 101 is not currently available.

[0018] The UV processing chamber 100 further includes a lens 128 disposed
between the upper housing 104 and the lower housing 106. The lens 128 functions
as an additional knob to control substrate processing uniformity in specific zones of
the substrate. In one embodiment, the lens 128 may act as a knob to control the

substrate uniformity near the edge of the substrate 101. The lens 128 may be

4
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formed from a transparent material, such as quartz. The lens 128 is configured to
direct the light from the secondary reflector 126 to a region of interest (or zone) on
the substrate. For example, light rays may be lost to the chamber body and walls
during curing. The lens 128 may be configured to redirect the light that would be
otherwise lost to the chamber body to the surface of the substrate 101. This allows
for better uniformity along the surface of the substrate 101 due to additional light rays

contacting the surface of the substrate 101.

[0019] Figure 4 illustrates a UV processing chamber 400, according to another
example. The UV processing chamber 400 is substantially similar to UV processing
chamber 100. The location of the lens 128 in Figure 1 is replaced with a quartz
window 402, positioned between the upper housing 104 and the lower housing 106
in UV processing chamber 400. The UV processing chamber 400 further includes
one or more lenses 128. In one embodiment, the one or more lenses 128 may be
positioned beneath the primary reflectors 124. In another embodiment, the one or
more lenses 128 may be positioned near the secondary reflector 126. As illustrated
in Figure 4, one or more lenses 128 are positioned beneath the primary reflectors

124 and near the secondary reflector 126.

[0020] Figure 2 and 3 illustrate the lens 128, according to one embodiment.
Figure 2 illustrates a top view of the lens 128. Figure 3 illustrate a cross-sectional
view of the lens 128, taken across the B-B line. The lens 128 includes body 202
having a top surface 201 and a bottom surface 203. The body 202 may have a
diameter 209 that is greater than the diameter of the secondary reflector 126. In one
embodiment, the diameter 209 of the lens 128 is greater than the diameter of the

substrate 101. The body may have a thickness of about 1 inch.

[0021] The body includes a plurality of features 204 formed in a bottom surface
203 of the body 202. In one embodiment, the features 204 may be formed in a lens
128 having a thickness of about 1 inch. The features 204 may extend at least
partially into the body 202. The features 204 may be formed from concentric circles
formed into the body 202 of the lens 128. In one embodiment, the features 204 may
be etched, ground, or engraved into the lens 128. In another embodiment, the

features 204 may be machined into the lens 128. In another embodiment, the
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features 204 may be formed exterior to the body 202, such that the features 204
extend out from the body 202.

[0022] The features 204 may be etched such that the features 204 have a
specific depth 208, spacing 210, and angle 212 to direct the incoming light from the
bulb to a specific area on the substrate 101. The depth 208, spacing 210, and angle
212 may be selected to preferentially direct light to an outer region or an inner region
of the substrate when the substrate is disposed on the substrate support assembly
For example, given a depth S, a spacing D, and an angle 8. The lens 128 may direct
the incoming light to an outer edge of the substrate 101 when disposed on the
substrate support assembly 114. In another example, given a depth D,, spacing S,
and angle 0,, the lens 128 may be configured to direct the incoming light to a center
of the substrate 101. In another example, modulating the valleys (areas between the
center edge) may be used to direct the incoming light towards an area of interest on
the substrate 101. In addition to the depth 208, spacing 210, and angle 212 of the
features 204, the positioning of the features 204 formed in the body 202 aid in
adjusting where the light is directed on the substrate 101. Moreover, the position of
the lens with respect to the sources impacts the overall irradiance profile. For
example, the closer the lens is to the source, the greater impact the lens 128 will
have on the overall irradiance profile. Additionally, the closer the lens 128 is to the
substrate 101, the stronger the correlation between the positions of the features 204
on the lens 128 with the intensity changes on the substrate 101. For example, when
the features 204 are formed near the periphery of the lens 128, there will be intensity
changes towards the edge of the substrate 101. However, as the lens 128 may be
moved closer to the light source, 120 the correlation between the position of the
features 204 on the lens 128 and the intensity of changes on the substrate 101 is not
as clear. For example, as shown, the features 204 are formed near a periphery of
the lens 128, and are configured to direct light to the outer edge of the substrate 101.
For example, the features 204 may be formed such that the features fall outside the
diameter of the secondary reflector 126. In another example, the features 204 may
be formed closer to a center of the lens 128, and be angled such that that the
features 204 direct light just about the center of the lens 128. Additional features
204 are illustrated in phantom in Figure 2A, corresponding to different areas of

interests on the substrate 101.
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[0023] In operation, the UV light is channeled using a reflector (either primary or
secondary). The channeled UV light is directed with a lens having a plurality of
features formed therein. The channeled UV light is directed to an area of interest on
a substrate positioned in a UV processing chamber. In one embodiment, a property

of a film formed on a substrate is changed by exposure to the direct UV light.

[0024] Thus, the lens 128 provides an additional knob for controlling substrate

uniformity without the need for replacing additional chamber 100 components.

[0025] While the foregoing is directed to specific embodiments, other and further
embodiments may be devised without departing from the basic scope thereof, and

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

1. A processing chamber comprising:

a chamber body defining an interior volume of the processing chamber, the
interior volume having a first area and a second area;

a substrate support assembly disposed in the second area, the substrate
support assembly configured to support a substrate;

a light source disposed above the substrate support assembly in the first area;
and

a lens disposed between the light source and the substrate support assembly
the lens having a plurality of features formed therein that are configured to direct light
from the light source preferentially to an area of interest on the substrate when

disposed on the substrate support assembly.

2. The processing chamber of claim 1, wherein the plurality of features exterior

to a body of the lens.

3. The processing chamber of claim 1, wherein the plurality of features include a
depth, spacing, and angle are selected to preferentially direct light to an outer region
or an inner region of the substrate when the substrate is disposed on the substrate

support assembly.

4. The processing chamber of claim 1, wherein the plurality of features are

engraved in the lens.

. The processing chamber of claim 1, wherein the lens has a thickness of about
1 inch.

6. The processing chamber of claim 1, wherein the features are concentric.

7. The processing chamber of claim 1 wherein the lens includes a body, and

wherein the features of the lens are formed at least partially into the body.
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8. A processing chamber, comprising:

a chamber body defining an interior volume of the processing chamber, the
interior volume having a first area and a second area;

a substrate support assembly disposed in the second area, the substrate
support assembly configured to support a substrate;

a light source disposed above the substrate support assembly in the first area;

a primary reflector disposed in the first area, the primary reflector at least
partially surrounding the light source;

a secondary reflector disposed in the first area below the primary reflector and
above the substrate support assembly, the secondary reflector configured to channel
light from the light source to a surface of the substrate; and

a lens disposed between the light source and the substrate support assembly,
the lens having a plurality of features formed therein, the features configured to
preferentially direct light from the secondary reflector to an area of interest on the

substrate when disposed on the substrate support assembly.

9. The processing chamber of claim 8, wherein the plurality of features are

formed exterior to a body of the lens.

10.  The processing chamber of claim 8, wherein the plurality of features include a
depth, spacing, and angle selected to preferentially direct light to an outer region or

an inner region of the substrate when disposed on the substrate support assembly.

11.  The processing chamber of claim 8, wherein the plurality of features are

engraved in the lens.

12.  The processing chamber of claim 8, wherein the lens is positioned adjacent

the secondary reflector.

13.  The processing chamber of claim 8, wherein the lens is positioned beneath

the primary reflector.
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14. The processing chamber of claim 8, wherein the lens includes a body, and

wherein the features of the lens are formed at least partially into the body.

15.  The processing chamber of claim 8, wherein the secondary reflector has a

diameter that is shorter than a diameter of the substrate.

16.  The processing chamber of claim 15, wherein the lens has a diameter that is

longer than the diameter of the secondary reflector.

17.  The processing chamber of claim 16, wherein the diameter of the lens is

longer than the diameter of the substrate.

18. The processing chamber of claim 15, wherein the plurality of features are

formed in an area outside of the diameter of the secondary reflector.

19. A method of curing a substrate, comprising:

providing an ultra-violet (UV) light to an interior volume of a processing
chamber;

channeling the UV light with a reflector; and

directing the channeled UV light with a lens having a plurality of features

formed therein towards an area of interest on a substrate.
20.  The method of claim 19, further comprising:

changing a property of a film formed on the substrate by exposure to the
directed UV light.

10



l "Old

PCT/US2017/034622

1/4

WO 2017/205714

vLl
L0l 8L TN \\ 9Ll
( >~ 901
(L L L LA L
R S T T R il TR e A e o
oLl
2NN NN ~
(N N
N
\ //N:
N
AN
< 7 7 r \ /
/] %
\ \
\v 7V 7 K 7 7 7 7
N 7A A //
vel A ozl ozl
rdd) acl



PCT/US2017/034622

WO 2017/205714

2/4

8¢l

¢ Old




WO 2017/205714

/—128

202

201

3/4

PCT/US2017/034622

210

FIG. 3




PCT/US2017/034622

WO 2017/205714

4/4

¥ OId

142
\\ oLl

~ 90l

Lol 8L\
(L L el Ll Ll £
B PN TV T R I T e o TR ey
0Ll
%520 AN NN A
2op 3 C N
\] 82 N 8T
0zL | > 80l i
N
/| 821~ 82~ N
ZIN 77 | 7 7
4
201 7 N
yOL — \ \
\v 7V 7 A 7T
vzl A N vel A //oﬁ



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2017/034622

A. CLASSIFICATION OF SUBJECT MATTER

HO1L 21/02(2006.01)i, C23C 16/56(2006.01)i, HO1L 21/683(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)
HOIL 21/02; HO1L 21/324; HO1L 21/67, HO5B 37/02; C23C 16/56; G21K 5/08; HO1L 21/26; B01J 19/12; HO1L 21/683

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)
e KOMPASS(KIPO internal) & Keywords: UV-radiation, curing, quartz, uniformity

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

Y US 2013-0122611 A1 (YAO-HUNG YANG et al.) 16 May 2013 1-3,5,7-10,12-17
See paragraphs [0005], [0019]-[0021] and figure 2A. ,19,20

A 4,6,11,18

Y US 2013-0320235 A1 (MING HUEI LIEN et al.) 05 December 2013 1-3,5,7-10,12-17
See paragraphs [0079]-[0082] and figures 12, 13. ,19,20

A US 2015-0114292 A1 (NOVELLUS SYSTEMS, INC.) 30 April 2015 1-20
See paragraphs [0070]-[0080] and figures 3A-3B.

A JP 2007-229682 A (HARISON TOSHIBA LIGHTING CORP.) 13 September 2007 1-20
See paragraphs [0013]-[0026] and figure 1.

A KR 10-2013-0112549 A (HEUNG-GYUN PARK) 14 October 2013 1-20

See the whole document .

|:| 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

carlier application or patent but published on or after the international
filing date

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)

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

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

i

K

nQr

npr

e

'

myn

ng"

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 theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

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 family

Date of the actual completion of the international search
22 August 2017 (22.08.2017)

Date of mailing of the international search report

23 August 2017 (23.08. 2017)

Name and mailing address of the [SA/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

CHOI, Sang Won

Telephone No.

+82-42-481-8291

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




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2017/034622
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2013-0122611 Al 16/05/2013 CN 103222033 A 24/07/2013
JP 2014-507064 A 20/03/2014
KR 10-2013-0116294 A 23/10/2013
TW 201230876 A 16/07/2012
US 2012-0129275 Al 24/05/2012
US 8309421 B2 13/11/2012
WO 2012-071130 A2 31/05/2012
WO 2012-071130 A3 16/08/2012
US 2013-0320235 Al 05/12/2013 CN 103456661 A 18/12/2013
CN 103456661 B 17/08/2016
KR 10-1483823 B1 16/01/2015
KR 10-2013-0135708 A 11/12/2013
US 9287154 B2 15/03/2016
US 2015-0114292 A1l 30/04/2015 US 2014-0080324 Al 20/03/2014
US 8454750 B1 04/06/2013
US 8629068 Bl 14/01/2014
US 8980769 Bl 17/03/2015
JP 2007-229682 A 13/09/2007 CN 101030043 A 05/09/2007
KR 10-2007-0090790 A 06/09/2007
TW 200736536 A 01/10/2007
KR 10-2013-0112549 A 14/10/2013 None

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 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - wo-search-report
	Page 18 - wo-search-report

