US 20130100386A1
a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2013/0100386 A1

KIM et al. 43) Pub. Date: Apr. 25,2013
(54) METHOD OF MANUFACTURING DISPLAY Publication Classification
APPARATUS
(51) Int.CL
(75) Tnventors: Gwan-Soo KIM, Asan-si (KR); flzzli ;21/335 %g?gg})
Dong-Uk KANG, Suwon-si (KR); Chul (2010.01)
HUH, Yongin-si (KR) (2) US.ClL
USPC oo 349/110; 438/30; 257/E33.012
(73) Assignee: SAMSUNG ELECTRONICS CO., (57) ABSTRACT

LTD., Suwon-si (KR) In a method of manufacturing a display apparatus, a first

substrate including a plurality of pixels is formed, and a black

(21) Appl. No.: 13/439,505 column spacer is formed on the first substrate. A second
substrate is formed, and a liquid crystal layer is formed
(22) Filed: Apr. 4,2012 between the first substrate and the second substrate. The black
column spacer is formed by coating a photoresist on the first
(30) Foreign Application Priority Data substrate, exposing the photoresist to a first light, developing
the exposed photoresist and exposing the developed photore-
Oct. 24,2011 (KR) weeovvvereieicnee 10-2011-0108909 sist to a second light.
DLm PX DLm+1
7 N
SPX1 SPX2
) )
r—————— - —(' —— r— —( ————— al
SLn : : :
I | |
| | |
| I |
| Clct Cst1== | | CCP==
| I |
| Tr1 —|_ | |
_'_| . | |
I |
[
]
I

|
GLn I_:F __________ N

GLn+1

SLn+1




US 2013/0100386 A1

'i,\/SLn

r—~—RSLn

| —~DM3

I —

Apr. 25,2013 Sheet 1 of 5

Publication

atent Application

\\N& %%\\//NN\\\A
= o JE ¢ rm




Patent Application Publication  Apr. 25,2013 Sheet 2 of 5 US 2013/0100386 A1

Fig. 2A

[

1\/300
\) \) L1 110

BM SE1 GE?1 SM DE1 PE1

Fig. 2B
4Vmo}zoo
~—CF
300
= 3120100
VARENEN e
NN R v
DLm BM CS LSLn+1 PE2
H/_/

BCS



Patent Application Publication  Apr. 25,2013 Sheet 3 of 5 US 2013/0100386 A1

DLm j PX § DLm+1
SPX1 SRXZ
r— - —(___| |’_l _____ A
SLn | I |
| | |
| L |
: - :
| Clct Cst1== | I CCP= 1|
| | |
| Tr —I_ ] |
= o |
GLn L_:F: __________ N ! I
e : :
| A Tr3 |
| Tr2 _L- L] |
|
| Clc2 Cst2==
|
| ! |
L §
GLn+1
SLn+1




Patent Application Publication  Apr. 25,2013 Sheet 4 of 5 US 2013/0100386 A1

Fig. 4

( Start )

Y

Yy Y

Forming a first substrate j~—S10 |Forming a second substratej~—S20

Y

Forming a black column spacer

on the first substrate 530

A 4

Forming a liquid crystal layer between

the first and second substrates ~—540

End



Patent Application Publication  Apr. 25,2013 Sheet 5 of 5 US 2013/0100386 A1

Fig. 5

Coating a photoresist on a substrate —~—S31
\ 4
Performing a first exposure on the | 333
photoresist with a first |ight
\ 4
Developing the exposed photoresist —~—S35
Performing a second exposure on the | 537
photoresist with a second |ight
\ 4
Hard-baking the exposed photoresist L 539
through the second exposure




US 2013/0100386 Al

METHOD OF MANUFACTURING DISPLAY
APPARATUS

[0001] This application claims priority to Korean Patent
Application No. 10-2011-0108909 filed on Oct. 24,2011, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
contents of which are herein incorporated by reference in its
entirety.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The invention relates to a method of manufacturing

a display apparatus.

[0004] 2. Description of the Related Art

[0005] Ingeneral, aliquid crystal display includes two sub-
strates and a liquid crystal layer disposed between the two
substrates. The liquid crystal display drives the liquid crystal
layer to control a transmittance of light passing through the
liquid crystal layer, thereby displaying desired images.
[0006] The liquid crystal display includes a spacer formed
between the two substrates to maintain a distance between the
two substrates, e.g., a cell gap. However, a separate process,
such as a photolithography process, an exposure process
using a transfer film, etc., is commonly used to form the
spacer, which complicates a manufacturing process and
increases a manufacturing cost of the display apparatus.

SUMMARY

[0007] Exemplary embodiments of the invention provide a
method of manufacturing a display apparatus to simplify a
manufacturing process and improve a display quality.
[0008] According to the exemplary embodiments, a
method of manufacturing a display apparatus includes form-
ing a first substrate including a plurality of pixels, forming a
black column spacer on the first substrate, forming a second
substrate and forming a liquid crystal layer between the first
substrate and the second substrate.

[0009] The forming of the black column spacer includes
coating a photoresist on the first substrate, exposing the pho-
toresist to a first light, developing the exposed photoresist and
exposing the photoresist to a second light.

[0010] The black column spacer includes a black matrix
covering a portion of the pixels, and a column spacer disposed
on the black matrix to maintain a distance between the first
substrate and the second substrate. The black matrix and the
column spacer are integrally formed with each other.

[0011] The photoresist includes at least two initiators hav-
ing different maximum energy absorption wavelengths from
each other, and the at least two initiators include a first initia-
tor and a second initiator. The first and second initiators have
different maximum energy absorption wavelengths from
each other. The maximum energy absorption wavelength of
the firstinitiator is longer than (i.e., at alower energy than) the
maximum energy absorption wavelength of the second ini-
tiator. The second initiator includes at least one of an ester-
based initiator, an oxime-based initiator, an imidazole-based
initiator or a mercaptan-based initiator.

[0012] According to the above, a manufacturing process of
the display apparatus is simplified and a manufacturing cost
of the display apparatus is reduced. In addition, the elution of
impurity ions and defects caused by the elution of the impu-
rity ions may be reduced or effectively prevented, thereby
improving a display quality of the display apparatus.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other advantages of the invention
will become readily apparent by reference to the following
detailed description when considered in conjunction with the
accompanying drawings wherein:

[0014] FIG.1isaplanview showing an exemplary embodi-
ment of a layout of a pixel according to the invention;

[0015] FIG. 2A is a cross-sectional view taken along line
I-I' of FIG. 1;

[0016] FIG. 2B is a cross-sectional view taken along line
II-IT' of FIG. 2;

[0017] FIG. 3 is an equivalent circuit diagram showing the
pixel of FIG. 1;

[0018] FIG.4isaflowchart showing an exemplary embodi-

ment of a method of manufacturing a display apparatus
according to the invention; and

[0019] FIG.Sisaflowchart showing an exemplary embodi-
ment of a method of forming a black column spacer.

DETAILED DESCRIPTION

[0020] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. This
invention may, however, be embodied in many different
forms and should not be construed as limited to the exemplary
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art. In the drawings, the size and relative sizes of
layers and regions may be exaggerated for clarity.

[0021] It will be understood that when an element or layer
is referred to as being “on,” or “connected to” another element
or layer, it can be directly on or connected to the other element
or layer or intervening elements or layers may be present. In
contrast, when an element is referred to as being “directly on”
or “directly connected to” another element or layer, there are
no intervening elements or layers present. As used herein,
“connected” includes physically and/or electrically con-
nected. Like numbers refer to like elements throughout. As
used herein, the term “and/or” includes any and all combina-
tions of one or more of the associated listed items.

[0022] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the invention.
[0023] Spatially relative terms, such as “lower,” “upper”
and the like, may be used herein for ease of description to
describe one element or feature’s relationship to another ele-
ment(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms are intended to
encompass different orientations of the device in use or
operation in addition to the orientation depicted in the figures.
For example, if the device in the figures is turned over, ele-
ments described as “lower” relative to other elements or fea-
tures would then be oriented “upper” relative to the other
elements or features. Thus, the exemplary term “lower” can
encompass both an orientation of above and below. The
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device may be otherwise oriented (rotated 90 degrees or at
other orientations) and the spatially relative descriptors used
herein interpreted accordingly.

[0024] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms, “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “includes” and/or
“including,” when used in this specification, specify the pres-
ence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

[0025] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0026] All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

[0027] Hereinafter, the invention will be explained in detail
with reference to the accompanying drawings.

[0028] FIG.1isaplan view showing an exemplary embodi-
ment ofa layout of a pixel according to the invention, FIG. 2A
is a cross-sectional view taken along line I-I' of FIG. 1, and
FIG. 2B is a cross-sectional view taken along line II-II' of
FIG. 2. The pixel shown in FIG. 1 may have various layouts.
Different from the layout of the pixel shown in FIG. 1, one
pixel may be connected to one gate line and one data line, or
one pixel may be connected to one gate line and two data lines
according to embodiments.

[0029] Referring to FIGS. 1, 2A, and 2B, the display appa-
ratus includes a first substrate 100, a second substrate 200
facing the first substrate 100, a black column spacer BCS
disposed between the first substrate 100 and the second sub-
strate 200 to maintain a distance between the first substrate
100 and the second substrate 200, and a liquid crystal layer
300 disposed between the first substrate 100 and the second
substrate 200.

[0030] The first substrate 100 includes a first base substrate
110, a plurality of gate lines disposed on the first base sub-
strate 110, a plurality of data lines and a plurality of pixels PX
each of which is connected to a corresponding gate line of the
gate lines and a corresponding data line of the data lines.

[0031] In FIGS. 1, 2A, and 2B, for the convenience of
explanation, an n-th gate line GLn, an (n+1)th gate line GLn+
1, an m-th data line DLm, an (m+1)th data line DLm+1, and
one pixel PX have been shown. Hereinafter, the n-th gate line
GLn and the (n+1)th gate line GLn+1 are respectively
referred to as a first gate line and a second gate line, and the
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m-th data line DLm and the (m+1)th data line DLm+1 are
respectively referred to as a first data line and a second data
line.

[0032] The first and second gate lines GLn and GLn+1 are
disposed on the first base substrate 110 and extended in a
direction D1 to be substantially parallel to each other. The first
and second data lines DLm and DLm+1 are disposed on the
first and second gate lines GLn and GLn+1 while interposing
a gate insulating layer 120 therebetween. The first and second
data lines DLm and DLm+1 are longitudinally extended in a
second direction D2 crossing the first direction D1 to be
substantially parallel to each other. The gate insulating layer
120 is disposed on the first base substrate 110 to cover the first
and second gate lines GLn and GLn+1.

[0033] Each pixel PX includes a first sub-pixel and a second
sub-pixel. The first sub-pixel includes a first thin transistor
Trl, a first sub-pixel electrode PE1 and a first storage elec-
trode part, and the second sub-pixel includes a second thin
film transistor Tr2, a second storage electrode part, a third thin
film transistor Tr3, a second sub-pixel electrode PE2 and a
coupling capacitor CCP. The first and second sub-pixels are
disposed between the first data line DL.m, and the second data
line DLm+1 adjacent to the first data line DLm.

[0034] The first thin film transistor Tr1 of the first sub-pixel
is connected to the first data line DL.m and the first gate line
GLn.

[0035] The first thin film transistor Trl includes a first gate
electrode GE1 branched from the first gate line GLn, a first
source electrode SE1 branched from the first data line DLm,
and a first drain electrode DE1 electrically connected to the
first sub-pixel electrode PE1.

[0036] The first storage electrode part includes a first stor-
age line SLn longitudinally extended in the first direction D1,
and first and second branch electrodes LSLn and RSLn
branched from the first storage line SLn and longitudinally
extended in the second direction D2.

[0037] The first sub-pixel electrode PE1 is partially over-
lapped with the first storage line SLn, the first branch elec-
trode LSLn and the second branch electrode RSLn to form a
first storage capacitor.

[0038] The first sub-pixel electrode PE1 includes a trunk
portion PEla, and a plurality of branch portions PE15 pro-
truded from the trunk portion PEla and extended in radial
directions with respect to the trunk portion PEla.

[0039] The trunk portion PEla may have a cross shape as
shown in FIG. 1, and thus the first sub-pixel is divided into
plural regions by the trunk portion PE1a. The first sub-pixel
may be divided into plural domains by the trunk portion
PEla. The branch portions PE15 are extended in different
directions according to the domains. In the exemplary
embodiment, the first sub-pixel has been shown to include
first, second, third, and fourth domains DM1, DM2, DM3 and
DM4. The branch portions PE15 are spaced apart from each
other not to make contact with each other and are substan-
tially parallel to each other in each domain DM1, DM2, DM3
and DM4. The distance between two adjacent branch portions
PE1b to each other is measured in terms of a micrometer and
taken perpendicular to a direction in which the respective
branch portions PE15 are extended. The above configuration
is to align liquid crystal molecules of the liquid crystal layer
300 in a specific angle on a plane substantially parallel to the
first base substrate 110.

[0040] The second thin film transistor Tr2 includes a sec-
ond gate electrode GE2 branched from the first gate line GLn,
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a second source electrode SE2 branched from the first data
line DLm and a second drain electrode DE2 electrically con-
nected to the second sub-pixel electrode PE2.

[0041] The second storage electrode part includes a second
storage line SL.n+1 longitudinally extended in the first direc-
tion D1, and third and fourth branch electrodes LSLn+1 and
RSLn+1 branched from the second storage line SL.n+1 and
longitudinally extended in the second direction D2.

[0042] The second sub-pixel electrode PE2 is partially
overlapped with the second storage line SLn+1, the third
branch electrode LSLn+1 and the fourth branch electrode
RSLn+1 to form a second storage capacitor.

[0043] Thesecond sub-pixel electrode PE2 includes a trunk
portion PE2a, and a plurality of branch portions PE24 pro-
truded from the trunk portion PE2a and extended in radial
directions with respect to the trunk portion PE2a.

[0044] The trunk portion PE2a may have a cross shape as
shown in FIG. 1, and thus the second sub-pixel is divided into
plural regions by the trunk portion PE2a. The second sub-
pixel may be divided into plural domains by the trunk portion
PE2a. The branch portions PE2b are extended in different
directions according to the domains. In the exemplary
embodiment, the second sub-pixel has been shown to include
fifth, sixth, seventh, and eighth domains DM5, DM6, DM7
and DM8. The branch portions PE25 are spaced apart from
each other not to make contact with each other and are sub-
stantially parallel to each other in each domain DMS5, DM6,
DM?7 and DMS8. The distance between two adjacent branch
portions PE2b to each other is measured in terms of a
micrometer and taken perpendicular to a direction in which
the respective branch portions PE2b are extended. The above
configuration is to align liquid crystal molecules of the liquid
crystal layer 300 in a specific angle on a plane substantially
parallel to the first base substrate 110.

[0045] The third thin film transistor Tr3 includes a third
gate electrode GE3 branched from the second gate line GLn+
1, a third source electrode SE3 branched from the second
drain electrode DE2 and a third drain electrode DE3 con-
nected to a coupling capacitor electrode CE1 of the coupling
capacitor CCP. The third source electrode SE3 and the second
drain electrode DE2 may be a single, unitary, indivisible
member. The coupling capacitor electrode CE1 and the third
drain electrode DE3 may be a single, unitary, indivisible
member. The coupling capacitor CCP includes the coupling
capacitor electrode CEl, and an opposite electrode CE2
extended from the second branch electrode RSLn to form the
coupling capacitor CCP with the coupling capacitor electrode
CE1. The second branch electrode RSLn and the opposite
electrode CE2 may form a single, unitary, indivisible mem-
ber. However, the structure of the coupling capacitor CCP
should not be limited thereto or thereby.

[0046] Referring to FIGS. 1, 2A, and 2B, the first substrate
100 further includes the gate insulating layer 120, a protective
layer 130 and color filters CF.

[0047] The gate insulating layer 120 covers the first and
second gate lines GLn and GLn+1 and the first to third gate
electrodes GE1, GE2 and GE3.

[0048] The protective layer 130 covers the first and second
data lines DLm and DLm+1, the first to third source elec-
trodes SE1, SE2 and SE3, and the first to third drain elec-
trodes DE1, DE2 and DE3. The protective layer 130 is pro-
vided with contact holes CH which extend therethrough to
expose a portion of the drain electrodes DE1 and DE2.
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[0049] The color filters CF are disposed on the protective
layer 130. The color filters CF respectively correspond to the
pixels PX, and each of the color filters CF has red, green or
blue colors R, G or B. Although not shown in figures, a
passivation layer including an inorganic or organic material
may be disposed on the color filters CF.

[0050] The black column spacer BCS has a black color, and
includes a black matrix BM to cover a portion of the first
substrate 100 and a column spacer CS.

[0051] When viewed in a plan view, the black matrix BM is
disposed between the color filters CF and overlapped with an
end portion of the color filters CF. In detail, the black matrix
BM covers areas between adjacent color filters CF, which
correspond to the first and second gate lines GLn and GLn+1
and the first and second data lines DLm and DLm+1, and
channel portions of the first, second and third thin film tran-
sistors Trl, Tr2 and Tr3 to block unnecessary lights.

[0052] The column spacer CS is disposed on the black
matrix BM to maintain the distance, e.g., the cell gap,
between the first substrate 100 and the second substrate 200.
The column spacer CS may be disposed on portions of the
black matrix BM, which correspond to and overlap the first
and second data lines DLLm and DL.m+1 and/or the first and
second gate lines GLn and GLn+1.

[0053] The black matrix BM and the column spacer CS are
integrally formed with each other, such that the black matrix
BM and the column spacer CS form a single, unitary, indi-
visible member, and thus the black column spacer BCS may
substantially simultaneously perform the function of the
black matrix BM to block the light and the function of the
column spacer CS to maintain the cell gap. In this case, the
distance between the first substrate 100 and the second sub-
strate 200 may be maintained in a range of about 2.0
micrometers to about 4.0 micrometers by the column spacer
CS.

[0054] The second substrate 200 includes a second base
substrate 210 and a common electrode CE.

[0055] The common electrode CE is disposed on the sec-
ond base substrate 210. The liquid crystal layer 300 is dis-
posed between the first substrate 100 and the second substrate
200. The liquid crystal layer 300 includes the liquid crystal
molecules aligned in a vertical direction with respect to the
first substrate 100 and the second substrate 200 when no
electric field is formed between the pixel electrode PE and the
common electrode CE. That is, the liquid crystal layer 300
may be a vertical electric field mode liquid crystal layer.

[0056] FIG. 3 is an equivalent circuit diagram showing the
pixel of FIG. 1.

[0057] Referring to FIG. 3, each pixel PX includes the first
sub-pixel SPX1 and the second sub-pixel SPX2. The first
sub-pixel SPX1 includes the first thin film transistor Tr1, the
first liquid crystal capacitor Clc1 and the first storage capaci-
tor Cstl, and the second sub-pixel SPx2 includes the second
thin film transistor Tr2, the second liquid crystal capacitor
C1c2, the second storage capacitor Cst2, the third thin film
transistor Tr3 and the coupling capacitor CCP. The first and
second sub-pixels SPX1 and SPX2 are disposed between two
adjacent data lines, e.g., the first data line DLm and the second
data line DLm+1. In addition, the first thin film transistor Tr1
of the first sub-pixel SPX1 is connected to the first data line
DLm and the first gate line GLn, and the second thin film
transistor Tr2 of the second sub-pixel SPX2 is connected to
the first data line DLm and the first gate line GLn.
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[0058] Indetail, the first thin film transistor Tr1 includes the
first source electrode connected to the first data line Dm, the
first gate electrode connected to the first gate line GL.n and the
first drain electrode connected to the first liquid crystal
capacitor Clel. The first storage capacitor Cstl is disposed
between the first drain electrode and the first storage line SLn
and connected to the first liquid crystal capacitor Clcl in
parallel. The second thin film transistor Tr2 includes the sec-
ond source electrode connected to the first data line DLm, the
second gate electrode connected to the first gate line GLn and
the drain electrode connected to the second liquid crystal
capacitor Clc2. The second storage capacitor Cst2 is dis-
posed between the second drain electrode and the second
storage line SLn+1 and connected to the second liquid crystal
capacitor C1c2.

[0059] When a first gate signal is applied to the first gate
line GLn, the first and second thin film transistors Trl and Tr2
are substantially simultaneously turned on. A data voltage
applied to the first data line DLm is applied to the first and
second liquid crystal capacitors Clcl and Clc2 through the
turned-on first and second thin film transistors Trl and Tr2.
Thus, the first and second liquid crystal capacitors Clc1 and
C1c2 are charged with the same pixel voltage during a high
period of the first gate signal.

[0060] The third thin film transistor Tr3 includes the third
source electrode connected to the second drain electrode of
the second thin film transistor Tr2, the third gate electrode
connected to the second gate line GLn+1 and the third drain
electrode connected to the coupling capacitor CCP. The sec-
ond gate line GLn+1 receives a second gate signal that rises
after the first gate signal falls. When the third thin film tran-
sistor Tr3 is turned on in response to the second gate signal, a
voltage division occurs between the second liquid crystal
capacitor Cl¢2 and the coupling capacitor CCP, thereby low-
ering the pixel voltage charged in the second liquid crystal
capacitor Clc2. The lowered level of the pixel voltage
charged in the second liquid crystal capacitor C1¢2 may be
varied according to the charge rate of the coupling capacitor
CCP. Consequently, after the second gate signal is generated,
the first liquid crystal capacitor Clcl is charged with the first
pixel voltage and the second liquid crystal capacitor C1¢2 is
charged with the second pixel voltage lower than the first
pixel voltage.

[0061] Accordingly, the liquid crystal molecules in the area
corresponding to the first sub-pixel electrode PE1 are inclined
at an angle different from that of the liquid crystal molecules
in the area corresponding to the second sub-pixel electrode
PE2 since the liquid crystal molecules in the area correspond-
ing to the first sub-pixel electrode PE1 are influenced from the
electric field having an intensity different from that of the
electric field exerting influence on the liquid crystal mol-
ecules in the area corresponding to the second sub-pixel elec-
trode PE2. As a result, the liquid crystal molecules in the area
corresponding to the first sub-pixel electrode PE1 have the
inclination angle different from that of the liquid crystal mol-
ecules in the area corresponding to the second sub-pixel elec-
trode PE2, and thus a phase retardation of the light may be
compensated, thereby improving a side visibility. In other
words, the liquid crystal molecules in the two areas form the
domains having different alignment degrees toward the ver-
tical direction, so the side visibility may be improved.
[0062] In the exemplary embodiment, the pixel including
two sub-pixel electrodes has been described, but it should not
be limited thereto or thereby. That is, the number of the
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sub-pixel electrodes of the pixel may be varied depending on
the layout of the pixel according to embodiments. For
instance, each pixel may be divided into plural sub-pixels and
at least one sub-pixel electrode may be disposed correspond-
ing to each pixel.

[0063] Hereinafter, a method of manufacturing the display
apparatus will be described in detail with reference to FIG. 4.

[0064] FIG.4isaflowchart showing an exemplary embodi-
ment of method of manufacturing a display apparatus accord-
ing to the invention.

[0065] Referring to FIG. 4, the first substrate is formed
(S10), and then the second substrate is formed (S20). Then,
the black column spacer is formed on the first substrate (S30).
After that, the liquid crystal layer is formed between the first
substrate and the second substrate (S40).

[0066] Theprocess of forming the first substrate 100 will be
described with reference to FIGS. 1 and 2.

[0067] A gate pattern is formed on the first base substrate
110. The gate pattern includes the first and second gate lines
GLn and GL+1, the first, second and third gate electrodes
GE1, GE2 and GE3, and the storage electrode part. The gate
pattern may be formed using a photolithography process.

[0068] The gate insulating layer 120 is formed on the first
base substrate 110 to cover the gate pattern.

[0069] A semiconductor layer SM is formed on the gate
insulating layer 120. The semiconductor layer SM may
include an active pattern, and an ohmic contact layer formed
on the active pattern. The semiconductor layer SM may be
formed using a photolithography process.

[0070] A data pattern is formed on the semiconductor layer
SM. The data pattern includes the first and second data lines
DLm and DLm+1, the first, second and third source elec-
trodes SE1, SE2 and SE3, and the first, second and third drain
electrodes DE1, DE2 and DE3. The data pattern may be
formed using a photolithography process. In this case, the
semiconductor layer SM and the data pattern may be formed
by using a single half-mask or a diffraction mask.

[0071] The protective layer 130 is formed on the data pat-
tern. The protective layer 130 includes the contact holes CH
formed extending completely therethrough to expose the por-
tions of the first and second drain electrodes DE1 and DE2.
The protective layer 130 may be formed by the photolithog-
raphy process.

[0072] The color filters CF are formed on the protective
layer 130. The color filters CF correspond to the pixels PX,
respectively, and each color filter CF may have the red, green
or blue color R, G or B. The color filters CF may be formed
through various methods, such as a deposition method, a
coating method, an inkjet method, etc. Although not shown in
figures, the passivation layer including the organic material or
the inorganic material may be further formed on the color
filters CF.

[0073] The pixel electrode PE is formed on the color filters
CF to be connected to the first and second drain electrodes
DE1 and DE2 through the contact holes CH. The pixel elec-
trode PE includes the first sub-pixel electrode PE1 and the
second sub-pixel electrode PE2, and the first and second
sub-pixel electrodes PE1 and PE2 are connected to the first
and second drain electrodes DE1 and DE2, respectively. The
pixel electrode PE may be formed using a photolithography
process.
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[0074] The second substrate 200 is prepared by forming the
common electrode CE on the second base substrate 210. The
common electrode CE is formed by a photolithography pro-
cess.

[0075] The black column spacer BCS is formed on the first
substrate 100. The black column spaces BCS may be consid-
ered part of the first substrate 100 or a member separate from
the first substrate 100.

[0076] FIG.5is aflowchart showing an exemplary embodi-
ment of a method of forming a black column spacer.

[0077] As shown in FIG. 5, a photoresist is coated on the
first substrate 100 (S31). The photoresist includes a photo-
sensitive organic material having the black color. The photo-
sensitive organic material causes a polymerization reaction or
a degradation reaction when it is exposed to the light. In the
exemplary embodiment, the photoresist may include carbon
black, organic/inorganic pigment or colored mixture pigment
to represent the black color.

[0078] The photoresist may be a negative photoresist. In the
case of the negative photoresist, a portion not exposed to the
light is removed through a development process.

[0079] The photoresist includes two or more initiators
reacting to different maximum energy absorption wave-
lengths from each other. In detail, the photoresist includes a
first initiator, and a second initiator having the maximum
energy absorption wavelength (Amax) different from that of
the first initiator. The first and second initiators make the
reaction degrees of the photoresist appear to be different from
each other according to the wavelength of the light irradiated
to the photoresist.

[0080] The first initiator has the maximum energy absorp-
tion wavelength (Amax) greater than about 300 nanometers
(nm) and equal to or smaller than about 600 nm.

[0081] The first initiator should not be limited to a material
having the above-mentioned maximum energy absorption
wavelength (Amax), and thus the first initiator may be a
titanocene-based initiator or an acetophenone-based initiator.
The titanocene-based initiator may be a compound repre-
sented by Formulas 1, and the acetophenone-based initiator
may be a compound represented by Formulas 2A or 2B.

Formula 1

Formula 2A
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Formula 2B

[0082] Table 1 shows the maximum energy absorption
wavelength (Amax) of the first initiator according to the
exemplary embodiment.

TABLE 1

First Amax
Structural formula (nm)

B
C __/

OO
\__/ \

[0083] The second initiator may have the maximum energy
absorption wavelength (Amax) from about 200 nm to about
300 nm.

[0084] The second initiator should not be limited to a mate-
rial having the above-mentioned maximum energy absorp-
tion wavelength (Amax), and thus the second initiator may
include at least one of an ester-based initiator, an oxime-based
initiator, an imidazole-based initiator, or a mercaptan-based
initiator.

[0085] The ester-based initiator, the oxime-based initiator,
the imidazole-based initiator and the mercaptan-based initia-
tor may be a compound respectively represented by the fol-
lowing Formulas 3 to 6.

initiator
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Formula 3 K
O OH
Formula 4
-0 ,
2 I\|I \“/ Formula 5
(6]
O/w/\o O 0 N O Q al Q
)V © K /Ni ; ~ O
N
\N =N
O Cl

Formula 6

N
A\
S>— SH

[0086] Table 2 shows the maximum energy absorption
wavelength (Amax) of the second initiator according to the

exemplary embodiment.

TABLE 2

Second initiator Structural formula Amax (nm)

1 O OH 240~250
320~335
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TABLE 2-continued
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Second initiator Structural formula

Amax (nm)

3

v

N
A\
S>—SH

Cl

240
326

260
298
337

269

250
321

[0087] The photoresist may be pre-baked (e.g., a soft bake)
before the next exposure process is carried out.

[0088] Then, a mask is disposed on the first substrate 100
and a first light is irradiated on a predetermined area of the
photoresist through the mask to perform a first exposure
process (S33). The first light has a wavelength greater than
about 300 nm and equal to or smaller than about 600 nm to
correspond to the maximum energy absorption wavelength
(Amax) of the first initiator. When the first light is irradiated
on the photoresist, the polymerization reaction or the degra-
dation reaction occurs on the photoresist by the first initiator.

[0089] The predetermined area corresponds to the area in
which the black column spacer BCS is formed. In the first
exposure process, the slit mask or the diffraction mask may be
used as the mask such that the amount of the light irradiated
on the area in which the black matrix BM is formed becomes
different from the amount of the light irradiated on the area in
which the column spacer CS is formed. In one exemplary

embodiment, for instance, when the diffraction mask or the
slit mask is used on the assumption that the area in which the
black column spacer BCS is not formed, the area in which the
black matrix BM is formed, and the area in which the column
spacer CS is formed are respectively referred to as first, sec-
ond, and third areas, the light does not pass through the first
area. In addition, a portion of the light passes through the
second area or is diffracted, and all the light passes through
the third area.

[0090] Then, the photoresist exposed through the first
exposure process is developed (S35). Accordingly, a portion
of the photoresist remains and the other portion of the pho-
toresist is removed according to the exposure amount in the
first exposure process. In one exemplary embodiment, for
instance, the photoresist in the first area is completely
removed, the photoresist in the second area is partially
removed and the photoresist in the third area is not removed.
Thus, the photoresist in the second area has a height greater
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than a height of the photoresist in the first area, and the
photoresist in the third area has a height greater than the
height of the photoresist in the first area.

[0091] After that, a second light is irradiated on the devel-
oped photoresist through a second exposure process (S37).
The second light has a wavelength from about 200 nm to
about 300 nm corresponding to the maximum energy absorp-
tion wavelength (Amax) of the second initiator. When the
second light is irradiated on the developed photoresist, the
polymerization reaction or the degradation reaction further
occurs on the photoresist by the second initiator.

[0092] The exposure amount of the photoresist by the sec-
ond light during the second exposure process is smaller than
the exposure amount of the photoresist by the first light during
the first exposure process. The polymerization reaction or the
degradation reaction further occurs by the second exposure
process, and thus the profile of the column spacer CS may be
controlled. That is, when an angle between the side surface of
the column spacer CS and the upper surface of the first sub-
strate 100 or the first base substrate 110 is referred to as a taper
angle, the taper angle may be controlled according to the
exposure amount during the second exposure process.
[0093] Table 3 shows the value of the taper angle according
to the exposure amount of the second exposure process. As
shown in Table 3, as the exposure amount in millijoules (mJ)
increases, the value of the taper angle in degrees)(°) increases.

TABLE 3

Exposure amount during second exposure process (ml)
Exposure amount

No
exposure 5 10 20 30 50 100
Taper 10 16 34 40 47 51 55
angle
©
[0094] The exposure amount of the photoresist during the

second exposure process may be controlled according to the
value of the taper angle. For instance, the second exposure
process may be performed to irradiate the second light on the
photoresist in the exposure amount from about 2 mJ to about
25 mlJ since the liquid crystal molecules are mis-operated
when the taper angle is too large.

[0095] The second exposure process is performed to cause
the additional reactions of the second initiator after the first
exposure process and the main pattern is formed by the first
exposure process, and thus a separate mask for the second
exposure process is not needed.

[0096] Then, the photoresist applied with the second expo-
sure process is post-baked (e.g., ahard bake), thereby forming
the black column spacer BCS (S39).

[0097] When the photoresist is post-baked without per-
forming the second exposure process on the photoresist, a
flow phenomenon in which the photoresist is flown by the
heat during the post-bake process, may occur. Thus, the width
of the column spacer CS is rapidly increased by the flow
phenomenon. In addition, due to the flow phenomenon, a
compression property of the column spacer CS is deteriorated
and a boundary ofthe black matrix BM is indistinct. However,
in the exemplary embodiment, the photoresist is further
exposed through the second exposure process, thereby pre-
venting the occurrence of the flow phenomenon.
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[0098] Next, the liquid crystal layer is formed between the
first substrate on which the black column spacer is formed and
the second substrate (S40).

[0099] In the exemplary embodiment of the method of
manufacturing the display apparatus according to the inven-
tion, the black matrix and the column spacer, which are inte-
grally formed with each other, may be formed by using one
mask. Accordingly, the elution of impurity ions and defects
caused by the elution of the impurity ions, which are gener-
ated when two masks are applied to form the black matrix and
the column spacer, may be reduced or effectively prevented.
In addition, since one mask is used to form the black matrix
and the column spacer, a manufacturing process of the display
apparatus is simplified and a manufacturing cost of the dis-
play apparatus is reduced. Further, since the column spacer is
formed in the area in which the black matrix is formed and the
column spacer and the black matrix are integrally formed
with each other, the transmittance of the display apparatus
may be improved.

[0100] A display apparatus structure including an integral
column spacer and black matrix which overlap each other
may be formed by forming a photoresist including two ini-
tiators having different maximum energy absorption wave-
lengths (Amax) from each other. The integral column spacer
and black matrix which overlap each other is considered a
structural characteristic of the final display apparatus. Since
the integral column spacer and black matrix which overlap
each other is imparted by the photoresist having specific
material characteristics, e.g., the two initiators, during a
manufacturing process, such manufacturing process of form-
ing the photoresist is considered to impart the distinct char-
acteristic of the integral column spacer and black matrix
which overlap each other.

[0101] Although the exemplary embodiments of the inven-
tion have been described, it is understood that the invention
should not be limited to these exemplary embodiments but
various changes and modifications can be made by one ordi-
nary skilled in the art within the spirit and scope of the
invention as hereinafter claimed.

[0102] For instance, in the exemplary embodiment, the
negative photoresist has been described, but it should not be
limited thereto or thereby. That is, a positive photoresist may
be used instead of the negative photoresist.

[0103] In addition, the method of forming the column
spacer may be used to form an organic layer having a step
difference in a predetermined area. As an example, the
method of forming the column spacer may be applied to form
a barrier wall of a pixel in an organic light emitting display
apparatus.

[0104] Further, in the exemplary embodiment, the display
apparatus employing the liquid crystal layer has been
described as a representative example, but the display appa-
ratus should not be limited thereto or thereby. That is, the
display apparatus may employ an organic light emitting layer,
an electrophoretic layer, an electrowetting layer, or a micro-
electromechanical system shutter layer instead of the liquid
crystal layer.

What is claimed is:

1. A method of manufacturing a display apparatus, the
method comprising:

forming a first substrate including a plurality of pixels;

forming a black column spacer on the first substrate;

forming a second substrate; and
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forming a liquid crystal layer between the first substrate

and the second substrate,

wherein the forming of the black column spacer comprises:

coating a photoresist on the first substrate;

exposing the photoresist to a first light;

developing the exposed photoresist; and

exposing the developed photoresist to a second light.

2. The method of claim 1, wherein the black column spacer
comprises:

a black matrix which overlaps a portion of the pixels; and

a column spacer on the black matrix, wherein the column

spacer maintains a distance between the first substrate
and the second substrate.

3. The method of claim 2, wherein the black matrix and the
column spacer are a single, unitary, indivisible member.

4. The method of claim 3, wherein the forming the first
substrate comprises:

forming a thin film transistor on a first insulating substrate;

forming a protective layer which overlaps the thin film

transistor;

forming a color filter on the protective layer; and

forming a pixel electrode which is connected to the thin

film transistor.

5. The method of claim 4, wherein the color filter is pro-
vided in a plural number and the color filters respectively
correspond to the pixels such that the pixels display different
colors from each other.

6. The method of claim 5, wherein the black column spacer
is between adjacent color filters.

7. The method of claim 1, wherein the photoresist com-
prises at least two initiators having different maximum
energy absorption wavelengths from each other.

8. The method of claim 7, wherein

the at least two initiators comprise a first initiator and a

second initiator, and

the first and second initiators have different maximum

energy absorption wavelengths from each other.

9. The method of claim 8, wherein the maximum energy
absorption wavelength of the first initiator is longer than the
maximum energy absorption wavelength of the second ini-
tiator.

10. The method of claim 9, wherein the first light has a
wavelength corresponding to the maximum energy absorp-
tion wavelength of the first initiator and the second light has
a wavelength corresponding to the maximum energy absorp-
tion wavelength of the second initiator.

11. The method of claim 10, wherein the second initiator
comprises at least one of an ester initiator, an oxime initiator,
an imidazole initiator or a mercaptan initiator.

12. The method of claim 11, wherein the second initiator is
at least one compound of the following formulas,
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13. The method of claim 1, wherein an amount of the first
light is greater than an amount of the second light.

14. The method of claim 1, wherein the photoresist is a
negative photoresist.

15. The method of claim 1, further comprising baking the
photoresist after the developed photoresist is exposed to the
second light.

16. The method of claim 1, wherein the liquid crystal layer
is a vertical electric field mode liquid crystal layer.

17. A display apparatus comprising:

a first substrate including a plurality of pixels;

a second substrate which faces the first substrate; and

a single, unitary, indivisible light-blocking column spacer

between the first substrate and the second substrate,
wherein the single, unitary, indivisible light-blocking
column spacer includes:

/N

o
9
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a column spacer which overlaps a light blocking mem-
ber, and

a photoresist material including at least two initiators
having different maximum energy absorption wave-
lengths from each other;

wherein the light-blocking column spacer including the

column spacer which overlaps the light blocking mem-

ber is formed by first exposing the photoresist material to

a first light and second exposing the photoresist material

after the first exposing, to a second light.

* * * #* %
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