wO 2009/069858 A 1 |00 0 OO0 0 O OO A0

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

(19) World Intellectual Property Organization Vd”Ij

International Bureau ) I 0 0 O

(10) International Publication Number

WO 2009/069858 Al

(43) International Publication Date
4 June 2009 (04.06.2009)

(51) International Patent Classification: 3-dong, Sangnok-gu, Ansan-si, Gyeonggido 426-735
HOIL 21/00 (2006.01) HOIL 21/027 (2006.01) (KR).
(21) International Application Number: (74) Agent: LEE, Un Cheol; 11E, Yeosam Bldg., 648-23,
PCT/KR2008/001138 Yeoksam-dong, Gangnam-gu, Seoul 135-080 (KR).
(22) International Filing Date: (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, BR, BW,BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL,IN, IS, JP, KE, KG, KM, KN, KP,KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,
RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.

27 February 2008 (27.02.2008)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

10-2007-0121547
27 November 2007 (27.11.2007) KR

(84) Designated States (unless otherwise indicated, for every

(71) Applicant (for all designated States except US): kind of regional protection available): ARIPO (BW, GH,
INHA-INDUSTRY PARTNERSHIP INSTITUTE GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
[KR/KR]; Inha Univ., 253, Yonghyeon-dong, Nam-gu, ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
Incheon 402-751 (KR). European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,

(72) Inventors; and NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,

(75) Inventors/Applicants (for US only): PARK, Se Geun CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[KR/KR]; #A-1004, Hyundai ESA 2cha Apt., 1542-6,
Seocho 3-dong, Seocho-gu, Seoul 137-872 (KR). KIM, Published:
Han Hyoung [KR/KR]; #205-1101, Taeyeong Apt., Bono —  with international search report

(54) Title: METHOD OF FABRICATING THREE-DIMENSIONAL PATTERNED STRUCTURE USING IMPRINTING
LITHOGRAPHY PROCESS AND PHOTO LITHOGRAPHY PROCESS

(57) Abstract: Disclosed herein is a method of

FIQ 1 START fabricating a three-dimensional patterned structure using
* an imprint lithography process and a photolithography

1 process, in which the height of a residual photoresist
layer, which is problematic to control, is controlled

DEPOSITING PHOTORESIST ON S110 }a'yh contr}cl)lling only a Iziroc;:lss time hin ?nh impri}?t
SUBSTRATE THROUGH SPIN COATING | rocos s aaditionslly performed, s fbrcating

process is additionally performed, thus fabricating
a new three-dimensional patterned structure without
performing an additional process for removing the
residual photoresist layer. The method of fabricating
a three-dimensional patterned structure includes: (a)
IMPRINTING PHOTORESIST L3120 depositing a photoresist on a substrate through spin
U SING MOLD coating; (b) imprinting the deposited photoresist using a
mold having a predetermined pattern at a predetermined
temperature and pressure to fabricated a structure; and

¥

Y (c¢) providing a photo mask having a predetermined
pattern on the fabricated structure and then exposing and
EXPOSING AND DEVELOPING developing the structure to form a three-dimensional

PHOTORESIST USING PHOTO MASK ~— S130 patterned structure having a specific pattern.
HAVING PREDETERMINED PATTERN

\
( END )




10

15

20

WO 2009/069858 PCT/KR2008/001138

[DESCRIPTION]

[Invention Titlel

METHOD OF FABRICATING THREE-DIMENSIONAL PATTERNED
STRUCTURE USING IMPRINTING LITHOGRAPHY PROCESS AND PHOTO

LITHOGRAPHY PROCESS

[Technical Field]

The present invention relates to a method of fabricating a
three-dimensional patterned structure, which can fabricate an
uneven photoresist having various heights from an even
photoresist, can be fabricated by controlling process conditions
such as temperature, pressure, time, etc. which are applied in
an imprint lithography process, and, wmore particularly, to a
method of fabricating a three-dimensional pattermed structure,
in which an imprint 1lithography process 1is performed by
controlling only the process time, and then..the height of a.
residual photoresist layer, which is problematic to control, is
controlled, thus fabricating a three-dimensional patterned
structure without requiring that .an additional process for

removing the residual photoresist layer be performed.

[Background Art]

Currently, research in the industrial fields of
microelectromechanical systems (MEMS) , microoptomechanical
systems (MOMS) , Sensors, and semiconductor, using . a

semiconductor process, 1is progressing. In these industrial
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fields, a three-dimensional patterned structure is increasingly
required in order to fabricate complicated and highly functional
devices.

However, generally, the three-dimensional patterned
structure is fabricated using various materials through many
processes. In order to solve this problem, research on gray mask
photolithography, imprint lithography, etc. is widely conducted.
Among them, imprint lithography is a next-generation process,
and is intensively researched. Imprint Ilithography has more
_adv&ﬁﬁages than conventional photolithography, but also has a
problem in that, since a residual photoresist layer is left
after an imprint lithography process is performed, an additional

process for removing the residual photoresist layer using O,

plasma is required.

[Disclosure]
[Technical Problem]

Accordingly, the present invention has been made keeping
in Amind the above problems occurring in the prior art, and an
object of the present invention is to provide a method of
fabricating a three-dimensional patterned structure using an
imprint lithography process and a photolithography process, in
which the height of a residual photoresist layer, which is
problematic to control, is controlled by controlling only the
process time in an imprint lithography process, and then a

photolithography process is additionally performed, thus

fabricating a new three-dimensional patterned structure without
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requiring that an additional process for removing the residual

photoresist layer be performed.

[Technical Solution]

In order to accomplish the above object, the present
invention provides a method of fabricating a three-dimensional
patterned structure using imprint lithography and
photolithography, including: (a) depositing a photoresist on a
substrate through spin coating; (b) imprinting the deposited

—photoresist using a mold having a predetermined pattern at a
predetermined temperature and pressure to fabricated a
structure; and (c¢) providing a photo mask having a predetermined
pattern on the fabricated structure and then exposing and
developing the structure to form a three-dimensional patterned

structure having a specific pattern.-

LAdyantageous Effects]

The method of fabricating a three-dimensional patterned
structure according to the present invention is advantageous in
that a complicated three-dimensional pattern of a photoresist
can be easily fabricated through an imprint lithography process
as well as through a photolithography process, and an additional
process for removing a residual photoresist layer is not
required, thus ultimately increasing the reliability of the

entire process.

[Description of Drawings]
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FIG. 1 is a flow <chart illustrating a method of
fabricating a three-dimensional patterned structure using an
imprint lithography process and a photolithography process
according to the present invention;

FIG. 2A is a state view corresponding to FIG. 1 according
to the present invention;

FIG. 2B is a state view corresponding to FIG. 1 according
to the present invention;

FIG. 3 is a photograph showing a photoresist imprinted
Ehrough a mold according to the present invention; and

FIG. 4 1is a graph showing the change in height of a
residual photoresist layer depending on imprint process time

according to the present invention.

[Best Mode]

The specific features and advantages of the present
invention will be more clearly understood from the following
detailed description taken in conjunction with the accompanying
drawings. Here, when it is determined that the detailed
description on commonly known functions and constitutions
related to the present invention made the essential elements of
the present invention obscure, it is to be noted that the
detailed description thereon may be omitted.

Hereinafter, the present invention will be described in
detail with reference to the attached drawings.

A method of fabricating a three-dimensional patterned

structure using an imprint lithogréphy process and a
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photolithography process will be described as follows with
reference to FIGS. 1 to 4.

FIG. 1 is a flow chart illustrating a wmethod of
fabricating a three-dimensional patterned structure using an
imprint lithography process and a photolithography process
according to the present invention, and FIGS. 2A and 2B are
state views corresponding to FIG. 1.

[First process] Deposition of photoresist

As shown in FIG. 1 and (a) of FIG. 2A, a photoresist is
—deposited on a silicon substrate through spin coating (S110).
Here, the photoresist, which is a novolak-based photoresist -(AZ-
9260, AZ Electronic Materials), is layered on the silicon
substrate at a thickness of 20 um, and then soft-baked at a:
temperature of 95T. In this case, in addition to the
photoresist, polymers, which can Dbe patterned  through

photclithography, may be used.

[Second process] Imprint lithography

As shown in (b) of FIG. 2A, the photoresist deposited on
the silicon substrate in the first process is imprinted at a
predetermined temperature and pressure using a mold having a
predetermined pattern (S120). Here, the imprinting temperature
may range from 80T to 100TC, and is preferably 90T, but the
present invention is not limited thereto. Further, the
imprinting pressure mway range from 5 bar to 10 bar, and  is
preferably 8 bar, but the present invention is not limited

thereto.
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Here, as shown in (b) of FIG. 2A, the mold has a three-
dimensional intaglio structure, in which gold (Au) is deposited
on a silicon substrate using chromium (Cr) as an adhesion layer.

Further, as shown in (b) of FIG. 2A, the mold has a length
of 8 cm, an upper width of 60 pm, a lower width of 50 pm, a
section height of 60 um and a gradient of 5° between the upper
width and lower width. Since the photoresist is imprinted by the
mold, the upper portion of the photoresist, as shown in FIG. 3,
has the same length, upper width, lower width, section height
~and gradient between upper with and lower width as the mold.

Here, the thickness of a residual photoresist layer is
controlled by adjusting imprint process time. Further, the
thickness of a residual photoresist layer can be predicted using
a squeeze flow equation. The height of the residual photoresist
layer depending on the imprint process time was determined based
on process variables in this equation.

FIG. 4 is a graph showing the change in the height of the
residual photoresist layer depending on the imprint process
time. As shown in FIG. 4, it was found that the height of the
residual photoresist layer was decreased in proportion to the
imprint process time during the period from 0 to 30 seconds, and
was further slowly decreased during the period from 30 to 50
seconds. That is, from the result, it can be seen that the
height of the residual photoresist layer can be simply
controlled merely by adjusting the imprint process time. Here,
the imprint process time is set within the range of 1 to 60, but

is not limited thereto.
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[Third process] Photolithography

As shown in (c¢) of FIG. 2B, a photo mask having a
predetermined pattern is provided on the patterned structure
fabricated through the second process, and then the patterned

5 structure is exposed and developed to form a three-dimensional
patterned structure having a specific pattern, as shown in (d)
of FIG. 2B (8130).

As described above, the method of fabricating a three-

dimensional patterned structure according to the present

10 _invention is advantageous in that an additional process of
removing a residual photoresist layer is not required because
part of the three-dimensional patterned structure is fabricated
through an imprinting process, and the «reliability of
fabrication of the three-dimensional patterned structure can be

15 improved because the height of the residual photoresist layer is
changed linearly depending on the imprint process time.

As described above, although the preferred embodiments of
the present invention have been disclosed for illustrative
purposes, those skilled in the art will appreciate that various

20 modifications, additions and substitutions are possible, without
departing from the scope and spirit of the invention as

disclosed in the accompanying claims.
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[craTms]
[claim 1]
A method of fabricating a three-dimensional patterned
structure wusing imprint lithography and photolithography,
5 comprising:
(a) depositing a photoresist on a substrate through spin
coating; ‘
(b) imprinting the deposited photoresist using a wmold
having a predetermined pattern at a predetermined temperature
10 " and pressure to fabricate a structure; and
(c) providing a photo mask having a predetermined pattern
on the fabricated structure and then exposing and developing the

structure to form a three-dimensional patterned structure having

a specific pattern.

15 [claim 2]
The method according to c¢laim 1, wherein, in (b), the
imprinting of the deposited photoresist, a thickness of a
residual photoresist layer is controlled by an imprint process
time, and the imprint process time is set within a range from 1

20 to 60 seconds.

[claim 3]

The method according to claim 1, wherein the imprinting

temperature ranges from 80T to 1007T.

[Claim 4]
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The method according to claim 1, wherein the imprinting

pressure ranges from 5 bar to 10 bar.

[claim 5]

The method according to claim 1, wherein the mold has a
three-dimensional intaglio structure, in which gold (Au) is
deposited on a silicon substrate using chromium (Cr) as an

adhesion layer.

[Claim 6]
The method according to claim 1, wherein the mold has a
length of 8 cm, an upper width of 60 um, a lower width of 50

im, a section height of 60 pum and a gradient of 5 between the

upper width and lower width.

[Claim 7]
The method according to claim 1, wherein the substrate is

made of silicon.
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