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DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 13/861,002 filed on Apr. 11, 2013, which claims
priority under 35 U.S.C. §119 to Korean Patent Application
No. 10-2012-0142972 filed on Dec. 10, 2012 in the Korean
Intellectual Property Office, the disclosure of which is incor-
porated by reference herein in its entirety.

TECHNICAL FIELD

[0002] Exemplary embodiments of the present invention
relate to a display device, and particularly, to a display device
and a method of manufacturing the same.

DISCUSSION OF THE RELATED ART

[0003] A liquid crystal display includes two panels on
which pixel electrodes and a common electrode are formed
and a liquid crystal layer disposed between the panels. A
voltage is applied to a pixel electrode and the common elec-
trode to generate an electric field across the liquid crystal
layer. By the electric field, liquid crystal molecules in the
liquid crystal layer are aligned to control the polarization of
incoming light, thus displaying an image.

[0004] The two display panels of the liquid crystal display
are also referred to as a thin film transistor array panel and an
opposing display panel, respectively. The thin film transistor
array panel includes gate lines through which gate signals are
transmitted and data lines through which data signals are
transmitted, and thin film transistors connected to the gate
lines and the data lines. Pixel electrodes are connected to the
thin film transistors. The opposing display panel may include
light blocking members, color filters, a common electrode,
etc. The light blocking members, the color filters, and the
common electrodes may also be formed on the thin film
transistor array panel.

[0005] Sometimes, moisture may penetrate into the liquid
crystal display.

SUMMARY
[0006] A display device according to an exemplary

embodiment of the present invention includes a substrate. The
substrate includes a pixel area. A thin film transistor is formed
on thesubstrate. A pixel electrode is connected to the thin film
transistor and is formed in the pixel area. A roof layer is
formed on the pixel electrode. The roof layer is separated
from the pixel electrode via a microcavity. A liquid crystal
layer fills the microcavity. A liquid crystal injection hole is
formed in the roof layer and exposes a portion of the micro-
cavity. Anencapsulation layer is formed on the rooflayer. The
encapsulation layer covers the liquid crystal injection hole
and seals the microcavity for the pixel area. The encapsula-
tion layer includes a multilayer structure.

[0007] The encapsulation layer may include a first sub-
encapsulation layer including an organic insulating material
and a second sub-encapsulation layer including an inorganic
insulating material.

[0008] The first sub-encapsulation layer may include
perylene, silicone, and/or an ultraviolet (UV) sheet.

[0009] The second sub-encapsulation layer may include
silicon oxide (SiOx) or silicon nitride (SiNx).
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[0010] The first sub-encapsulation layer may have a thick-
ness in a range of from substantially 0.5 um to substantially 1

[0011] The second sub-encapsulation layer may have a
thickness in a range of from substantially 20 nm to substan-
tially 50 nm.

[0012] The second sub-encapsulation layer may be formed
on the first sub-encapsulation layer.

[0013] The first sub-encapsulation layer may be formed on
the second sub-encapsulation layer.

[0014] The encapsulation layer may include a plurality of
first sub-encapsulation layers and a plurality of second sub-
encapsulation layers. The first sub-encapsulation layers and
the second sub-encapsulation layers may be alternately
formed.

[0015] The encapsulation layer may further include a third
sub-encapsulation layer including a metal oxide.

[0016] The third sub-encapsulation layer may include alu-
minum oxide (Al,0;).

[0017] The second sub-encapsulation layer may be formed
on the first sub-encapsulation layer, and the third sub-encap-
sulation layer may be formed on the second sub-encapsula-
tion layer.

[0018] The third sub-encapsulation layer may be formed
between the first sub-encapsulation layer and the second sub-
encapsulation layer.

[0019] The encapsulation layer may include a plurality of
first sub-encapsulation layers, a plurality of second sub-en-
capsulation layers, and a plurality of third sub-encapsulation
layers.

[0020] The encapsulation layer may include a first sub-
encapsulation layer including an organic insulating material
and a third sub-encapsulation layer including a metal oxide.

[0021] The encapsulation layer may include a plurality of
first sub-encapsulation layers and a plurality of third sub-
encapsulation layers. The first sub-encapsulation layer and
the third sub-encapsulation layer may be alternately formed.
[0022] A self-assembled monolayer (SAM) may be formed
on the encapsulation layer.

[0023] A buffer layer may be formed on the encapsulation
layer. The buffer layer may include an organic insulating
material.

[0024] A self-assembled monolayer (SAM) may be formed
on the buffer layer.

[0025] A method of manufacturing a display device
according to an exemplary embodiment of the present inven-
tion includes forming a thin film transistor on a substrate. The
substrate includes a pixel area. A pixel electrode is connected
to the thin film transistor in the pixel area. A sacrificial layer
is formed on the pixel electrode. A roof layer is formed on the
sacrificial layer. A liquid crystal injection hole is formed in
the roof layer and exposes a portion of the sacrificial layer.
The sacrificial layer is removed forming a microcavity
between the pixel electrode and the roof layer. Liquid crystal
is injected through the liquid crystal injection hole. An encap-
sulation layer is formed on the rooflayer and seals the micro-
cavity for each pixel area. The encapsulation layer includes a
multilayer structure.

[0026] Forming the encapsulation layer may include form-
ing a first sub-encapsulation layer including an organic insu-
lating material and forming a second sub-encapsulation layer
including an inorganic insulating material.

[0027] The encapsulation layer may include a plurality of
first sub-encapsulation layers and a plurality of second sub-
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encapsulation layers. The first sub-encapsulation layers and
the second sub-encapsulation layers may be alternately
formed.

[0028] Forming the encapsulation layer may further
include forming a third sub-encapsulation layer including a
metal oxide.

[0029] Forming the encapsulation layer may include form-
ing a first sub-encapsulation layer including an organic insu-
lating material and forming a third sub-encapsulation layer
including a metal oxide.

[0030] According to an exemplary embodiment of the
present invention, a display device includes a first electrode
and a second electrode. The second electrode at least partially
overlaps the first electrode. A liquid crystal layer is formed
between the first electrode and the second electrode. A roof
layer is formed on the second electrode. A liquid crystal
injection hole is formed through the second electrode, the
liquid crystal layer, and the roof layer. At least two encapsu-
lation layers are formed on the liquid crystal injection hole
and the roof layer. The two encapsulation layers respectively
include different materials from each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The above and other features of the inventive con-
cept will become more apparent by describing in detail exem-
plary embodiments thereof with reference to the accompany-
ing drawings, in which:

[0032] FIG. 1is a top plan view illustrating one pixel of a
display device according to an exemplary embodiment of the
present invention;

[0033] FIG. 21isa cross-sectional view taken along the line
II-1I of FIG. 1;

[0034] FIG. 3isa cross-sectional view taken along the line
of FIG. 1;

[0035] FIG. 4 to FIG. 7 are cross-sectional views illustrat-
ing a display device according to an exemplary embodiment
the present invention; and

[0036] FIG.8toFIG.27 are cross-sectional views illustrat-
ing a method of manufacturing a display device according to
an exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0037] Hereinafter, exemplary embodiments of the present
invention will be described in further detail with reference to
the accompanying drawings. The present invention may,
however, be embodied in many different forms and should not
be construed as being limited to the embodiments set forth
herein.

[0038] Like reference numerals may designate like or simi-
lar elements throughout the specification and the drawings. It
will be understood that when an element is referred to as
being “on,” “connected to,” or “coupled to” another element,
it can be directly on, connected to or coupled to the other
element or intervening elements may also be present.

[0039] 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.

[0040] FIG. 1is a top plan view illustrating one pixel of a
display device according to an exemplary embodiment of the
present invention, FIG. 2 is a cross-sectional view takenalong
the line I1-1I of FIG. 1, and FIG. 3 is a cross-sectional view
taken along the line ITI-I1I of FIG. 1.
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[0041] A display device according to an exemplary
embodiment of the present invention includes gate lines
including a gate line 121 formed on a substrate 110 in a first
direction, which is a transverse direction, and data lines
including a data line 171 formed on the substrate 110 in a
second direction substantially perpendicular to the first direc-
tion. The substrate 110 may be made of glass or plastic. The
gate line 121 and the data line 171 may cross each other.
[0042] The substrate 110 includes a plurality of pixel areas
that may be defined by the gate line 121 and the data line 171.
[0043] The gateline 121 extends in the transverse direction
of the pixel. A gate signal is transmitted through the gate line
121. The gate line 121 includes a gate electrode 124 protruded
therefrom. The gate electrode 124 is applied with a gate signal
through the gate line 121.

[0044] A storage electrode 133 is not connected to the gate
line 121 or the gate electrode 124. The storage electrode 133
may be formed in the pixel area. As shown in FIG. 1, the
storage electrode 133 may be formed in a direction substan-
tially parallel to the data line 171. For example, the storage
electrode 133 may be extended in the second direction. Alter-
nately, the storage electrode 133 may be formed in a direction
substantially parallel to the gate line 121. For example, the
storage electrode 133 may be extended in the first direction. A
plurality of storage electrodes including the storage electrode
133 formed in neighboring pixel areas may be connected to
each other. The storage electrode 133 may be applied with a
predetermined voltage such as a common voltage.

[0045] A gateinsulating layer 140 is formed on the gate line
121, the gate electrode 124, and the storage electrode 133.
The gate insulating layer 140 may be made of an inorganic
insulating material such as silicon nitride (SiNx) and/or sili-
con oxide (SiOx). Also, the gate insulating layer 140 may
include a single layer or a multilayer structure.

[0046] A semiconductor layer 150 is formed on the gate
insulating layer 140. The semiconductor layer 150 may be
positioned on the gate electrode 124. The semiconductor
layer 150 may be extended under the data line 171. The
semiconductor layer 150 may be made of amorphous silicon,
polycrystalline silicon, or a metal oxide.

[0047] A source electrode 173 protruded from the data line
171 and a drain electrode 175 separated from the source
electrode 173 are formed on the semiconductor layer 150.
[0048] The dataline 171 extends substantially in a longitu-
dinal direction. A data signal is transmitted through the data
line 171 to the source electrode 173.

[0049] The gate electrode 124, the semiconductor layer
150, the source electrode 173, and the drain electrode 175
form one thin film transistor. When the thin film transistor is
in an ON state, a data signal applied to the source electrode
173 is transmitted to the drain electrode 175.

[0050] A passivation layer 180 is formed on the data line
171, the source electrode 173, the drain electrode 175, and the
exposed semiconductor layer 150 between the drain electrode
175 and the drain electrode 173. The passivation layer 180
may be made of an organic insulating material or an inorganic
insulating material and may havea single layer or amultilayer
structure.

[0051] Color filters including a color filter 230 are formed
in each pixel area on the passivation layer 180. The color filter
230 may be formed of an organic material. The color filter 230
may display one of the primary colors such as red, green, and
blue. The color filter 230 is not limited to representing the
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three primary colors of red, green, and blue, and may also
represent other colors such as cyan, magenta, yellow, and a
white-containing color.

[0052] A light blocking member 220 is formed in a region
between neighboring color filters 230. The light blocking
member 220 is formed at the boundary of a pixel area P on the
thin film transistor, thereby preventing light leakage.

[0053] A first insulating layer 240 may be further formed
on thecolor filter 230 and the light blocking member 220. The
first insulating layer 240 may be made of an inorganic insu-
lating material such as silicon nitride (SiNx) and/or silicon
oxide (SiOx). The first insulating layer 240 protects the color
filter 230 and the light blocking member 220. The first insu-
lating layer 240 may be alternatively omitted.

[0054] The first insulating layer 240, the light blocking
member 220, and the passivation layer 180 have a contact
hole 181 exposing a portion of the drain electrode 175. The
contact hole 181 may be formed in the color filter 230 instead
of the light blocking member 220.

[0055] A pixel electrode 191 connected to the drain elec-
trode 175 through the contact hole 181 is formed on the first
insulating layer 240. The pixel electrode 191 is formed in
each pixel area and is connected to the drain electrode 175
thereby receiving a data signal from the drain electrode 175
when the thin film transistor is in the ON state. The pixel
electrode 191 may be made of a transparent metal material
such as indium-tin oxide (ITO) and/or indium-zinc oxide
(120).

[0056] The pixel electrode 191 includes a transverse stem
193, alongitudinal stem 192 crossing the transverse stem 193,
and a plurality of first to fourth minute branches 194a, 1945,
194c¢, and 1944.

[0057] The transverse stem 193 may be formed in a direc-
tion substantially parallel to the gate line 121, and the longi-
tudinal stem 192 may be formed in a direction substantially
parallel to the data line 171. The transverse stem 193 may be
positioned substantially at the center between the two neigh-
boring gate lines 121, and the longitudinal stem 192 may be
positioned substantially at the center between the two neigh-
boring data lines 171.

[0058] One pixel area is divided into a first sub-pixel area,
a second sub-pixel area, a third sub-pixel area, and a fourth
sub-pixel area by the transverse stem 193 and the longitudinal
stem 192. The first sub-pixel area is positioned at the left side
of the transverse stem 193 and at an upper side of the longi-
tudinal stem 192, and the second sub-pixel area is positioned
at the right side of the transverse stem 193 and at the upper
side of the longitudinal stem 192. The third sub-pixel area is
positioned at the left side of the transverse stem 193 and at the
lower side of the longitudinal stem 192, and the fourth sub-
pixel area is positioned at the right side of the transverse stem
193 and at the lower side of the longitudinal stem 192.
[0059] The first minute branches 194a are formed in the
first sub-pixel area, and the second minute branches 1945 are
formed in the second sub-pixel area. The third minute
branches 194¢ are formed in the third sub-pixel area, and the
fourth minute branches 194d are formed in the fourth sub-
pixel area.

[0060] The first minute branches 194a are obliquely
extended from the transverse stem 193 or the longitudinal
stem 192 in the left-upper direction, and the second minute
branches 19456 are obliquely extended from the transverse
stem 193 or the longitudinal stem 192 in the right-upper
direction. The third minute branches 194¢ are obliquely

Mar. 3, 2016

extended from the transverse stem 193 or the longitudinal
stem 192 in the left-lower direction, and the fourth minute
branches 194d are obliquely extended from the transverse
stem 193 or the longitudinal stem 192 in the right-lower
direction.

[0061] The first to fourth minute branches 194a-194d may
form an angle of about 45 degrees or about 135 degrees with
respect to the gate line 121 or the transverse stem 193. The
first to fourth minute branches 1944-1944 in neighboring
sub-pixel areas form substantially right angles to one another.
[0062] The shape of the pixel electrode 191 is not limited
thereto and various variations may be made thereto. Although
one pixel area is divided into four sub-pixel areas as an
example, the pixel area may be divided into five or more
sub-pixel areas or the pixel area need not be divided into a
plurality of sub-pixel areas.

[0063] A common electrode 270 separated from the pixel
electrode 191 by a predetermined distance is formed on the
pixel electrode 191. A microcavity 200 is formed between the
pixel electrode 191 and the common electrode 270. The width
and the area of the microcavity 200 may vary according to the
resolution of the display device.

[0064] A liquid crystal layer including liquid crystal 3 is
positioned in the microcavity 200. A plurality ofliquid crystal
molecules in the liquid crystal layer may be aligned in a
direction substantially perpendicular to the substrate 110
when no electric field is applied to the liquid crystal layer. For
example, “vertical alignment” may be realized. Alternatively,
the liquid crystal molecules may be aligned in a direction
substantially parallel to the substrate 110 when no electric
field is applied to the liquid crystal layer. For example, “hori-
zontal alignment” may be formed.

[0065] Theliquid crystal layer may include nematic, smec-
tic, cholesteric, and/or chiral liquid crystal materials. Further,
the liquid crystal layer may include a negative liquid crystal
material or a positive liquid crystal material.

[0066] The pixel electrode 191 is formed below the micro-
cavity 200 and the common electrode 270 is formed above the
microcavity 200, for example. However, exemplary embodi-
ments of the present invention are not limited thereto. Alter-
natively, both the pixel electrode 191 and the common elec-
trode 270 may be formed below the microcavity 200. In this
case, the pixel electrode 191 and the common electrode 270
may be formed on the same or substantially the same layer or
may be formed on different layers with an insulating layer
therebetween. The liquid crystal layer may be formed in the
microcavity 200, and the liquid crystal molecules may lieina
direction substantially parallel with the substrate 110.
[0067] A first alignment layer 11 is formed on the pixel
electrode 191. The first alignment layer 11 may be formed on
the first insulating layer 240 which is not covered by the pixel
electrode 191.

[0068] A second alignment layer 21 is formed below the
common electrode 270 and faces the first alignment layer 11.
[0069] The first alignment layer 11 and the second align-
ment layer 21 may be formed as vertical alignment layers and
may be made of a material such as polyamic acid, polysilox-
ane, and polyimide. The first and second alignment layers 11
and 12 may be connected with each other at an edge of the
pixel area.

[0070] The microcavity 200 is surrounded by the first insu-
lating layer 240, the pixel electrode 191, and the common
electrode 270. The common electrode 270 directly contacts
the first insulating layer 240 at a portion overlapping the data
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line 171 and covers the left side and the right side of the
microcavity 200 at a portion adjacent to the data line 171.
Accordingly, the common electrode 270 is formed along
adjacent pixel areas in a row direction.

[0071] The common electrode 270 is not formed at a por-
tion overlapping the gate line 121 and does not cover the
upper side and the lower side of the microcavity 200 at a
portion adjacent to the gate line 121. Accordingly, a liquid
crystal injection hole 201 is formed through the microcavity
200, and the microcavity 200 is exposed through the liquid
crystal injection hole 201. The liquid crystal injection hole
201 is formed along the gate line 121, and the liquid crystal 3
is injected into the microcavity 200 through the liquid crystal
injection hole 201.

[0072] For example, the common electrode 270 covers the
left side and the right side ofthe microcavity 200 and does not
cover the upper side and the lower side thereof. However,
exemplary embodiments of the present invention are not lim-
ited thereto, and the common electrode 270 may also cover
other sides of the microcavity 200. For example, the common
electrode 270 covers the upper side and the lower side of the
microcavity 200 and does not cover the left side and the right
side thereof. In this case, the liquid crystal injection hole 201
may be formed along the data line 171.

[0073] A second insulating layer 280 may be further
formed on the common electrode 270. The second insulating
layer 280 may be made of an inorganic insulating material
such as silicon nitride (SiNx) and/or silicon oxide (SiOx).
Alternatively, the second insulating layer 280 may be omit-
ted.

[0074] A rooflayer 285 is formed on the second insulating
layer 280. The roof layer 285 may be made of an organic
material. The microcavity 200 is formed below the roof layer
285, and a shape of the microcavity 200 may be maintained by
the roof layer 285. To expose a portion of the microcavity 200
outside therooflayer 285, the liquid crystal injection hole 201
may also be formed at the roof layer 285.

[0075] A third insulating layer 290 may be further formed
on the roof layer 285. The third insulating layer 290 may be
made of an inorganic insulating material such as silicon
nitride (SiNx) or silicon oxide (SiOx). The third insulating
layer 290 may cover the upper surface and the side surface of
the roof layer 285. The third insulating layer 290 protects the
roof layer 285 made of an organic material. Alternatively, the
third insulating layer 20 may be omitted.

[0076] An encapsulation layer 295 may be formed on the
third insulating layer 290. The encapsulation layer 295 covers
the liquid crystal injection hole 201 through which the micro-
cavity 200 is exposed. The third insulating layer 290 may seal
the liquid crystal injection hole 201, thus preventing leakage
of the liquid crystal 3 formed in the microcavity 200. The
encapsulation layer 295 contacts the liquid crystal 3. The
encapsulation layer 295 may be made of a material which
does not react with the liquid crystal 3.

[0077] The encapsulation layer 295 may include a multi-
layer structure such as a dual layer structure or a triple layer
structure. The dual layer includes two layers made of different
materials from each other. The triple layer includes three
layers, and two adjacent layers of the three layers are different
from each other.

[0078] Theencapsulation layer 295, as shown in FI1G. 2 and
FIG. 3, includes a first sub-encapsulation layer 295a made of
an organic insulating material and a second sub-encapsula-
tion layer 29556 made of an inorganic insulating material.
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[0079] The first sub-encapsulation layer 295a is made of an
organic insulating material such as parylene and/or silicone.
The first sub-encapsulation layer 294 may include an ultra
violet (UV) sheet. The first sub-encapsulation layer 2954 may
have a thickness of more than about 0.5 um to less than about
1 pum.

[0080] Thesecond sub-encapsulation layer 2955 is made of
the inorganic insulating material such as silicon oxide (Si0x)
or silicon nitride (SiNx). The second sub-encapsulation layer
295h may have a thickness of more than about 20 nm to less
than about 50 nm.

[0081] The first sub-encapsulation layer 295¢ may be
formed on the third insulating layer 290, and the second
sub-encapsulation layer 2955 may be formed on the first
sub-encapsulation layer 295a. Exemplary embodiments of
the present invention are not limited thereto. For example, the
second sub-encapsulation layer 2955 may be formed on the
third insulating layer 290 and the first sub-encapsulation layer
295a may be formed on the second sub-encapsulation layer
2955.

[0082] An example of forming the encapsulation layer 295
of the single layer and an example of forming the encapsula-
tion layer 295 of the multilayer structure are described.
[0083] As shown in Table 1, when the encapsulation layer
295 is made of an organic material such as perylene and/or
silicone or the encapsulation layer 2954 includes a UV sheet,
a water vapor transmission rate is relatively high, and thus,
moisture may penetrate into the microcavity 200 through the
encapsulation layer 295. Accordingly, the liquid crystal 3 in
the microcavity 200 may be influenced by the moisture.
[0084] Table 1 represents water vapor transmission rates
according to materials and measuring conditions.

TABLE 1

Water vapor transmission

Material rate (WVTR, g/m?/day)  Condition
Polarizer (TAC, PVA, 10to 35 60° C., 40% RH
protection film)

silicon nitride 100 nm 7 * 1073 38°C.,85% RH
perylene (5 pm) 8* 102 to5 40° C.,90% RH
UV sheet 13.9 37°C.,90% RH
silicon 1.7to 47.5 37°C.,90% RH
alignment layer 0.4t021 40°C.,37.8% RH
sealant 20 38°C.,85% RH
substrate 10605 %107 85° C., 85% RH
[0085] The inorganic material such as silicon nitride

includes particles that are densely distributed compared with
the organic material and thus has relatively low water vapor
transmission rate. [n an exemplary embodiment of the present
invention, since the encapsulation layer 250 includes the first
sub-encapsulation layer 2950 made of an organic material
such as perylene or silicone or including a UV sheet and the
second sub-encapsulation layer 2955 made of an inorganic
material such as silicon nitride, the water vapor transmission
rate may be reduced by the second sub-encapsulation layer
295b.

[0086] The encapsulation layer 295 includes the first sub-
encapsulation layer 2954 made of an organic insulating mate-
rial and the second sub-encapsulation layer 2955 made of an
inorganic insulating material, for example. However, the
exemplary embodiments of the present invention are not lim-
ited thereto. For example, the encapsulation layer 295 may
include a third sub-encapsulation layer made of a metal oxide
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instead of the second sub-encapsulation layer 2955. The third
sub-encapsulation layer may be made of a metal oxide such as
aluminum oxide (Al,Q,). The encapsulation layer 295
includes a layer made of the metal oxide, thereby further
decreasing the water vapor transmission rate.

[0087] A buffer layer 300 made of an organic material may
be further formed on the encapsulation layer 295, and a self-
assembled monolayer (SAM) 310 may be further formed on
the buffer layer 300.

[0088] The buffer layer 300 may be made of the same or
substantially the same material as the first sub-encapsulation
layer 295a. For example, the buffer layer 300 may be formed
of an organic material such as perylene, a UV sheet, and/or
silicone. Alternatively, the buffer layer 300 may be omitted,
and the self-assembled monolayer 310 may be formed on the
encapsulation layer 295.

[0089] The self-assembled monolayer 310 refers to an
organic molecule layer formed on a surface in which organic
molecules are orderly arranged. A surfactant molecule used
for manufacturing the self-assembled monolayer 310 is made
of three parts. The three parts of the surfactant molecule
includes a reactive group of a head part coupled to a base
material, an alkane chain of a long body part that may form a
molecule layer, and a functional group of a tail part determin-
ing a function of the molecule layer. An example of the
functional group is an alkyl group. Other groups (for
example, NH,, OH, COOH, etc.) may provide predetermined
functions to the molecule layer.

[0090] A surface of the self-assembled monolayer 310 is
hydrophobic and thus the water vapor transmission rate by
which moisture penetrates into the microcavity 200 may be
further decreased.

[0091] Polarizers 12 and 22 may be further attached on
lower and upper surfaces of the display device. The polarizers
12 and 22 may include the first polarizer 12 and the second
polarizer 22. The first polarizer 12 may be attached on the
lower surface of the substrate 110, and the second polarizer 22
may be attached on amember that is finally formed among the
members formed on the substrate 110.

[0092] For example, when the member that is finally
formed on the substrate 110 is the encapsulation layer 295,
the second polarizer 22 may be attached on the encapsulation
layer 295. In this case, when detaching the second polarizer
22 from the encapsulation layer 295, the encapsulation layer
295 may also be detached.

[0093] When forming the encapsulation layer 295 on the
substrate 110 and forming the self-assembled monolayer 310
on the encapsulation layer 295, the second polarizer 22 may
be attached to the self-assembled monolayer 310. In this case,
when detaching the second polarizer 22 from the self-as-
sembled monolayer 310, the second polarizer 22 may be
easily separated from the self-assembled monolayer 310. As
such, the display device according to an exemplary embodi-
ment of the present invention further includes the self-as-
sembled monolayer 310 and thus a process of reattaching the
polarizer may be easily performed.

[0094] FIG.4and FIG.5 are different cross-sectional views
illustrating a display device according to an exemplary
embodiment of the present invention.

[0095] In the display device according to an exemplary
embodiment of the present invention, a thin film transistor
and a pixel electrode 191 connected to the thin film transistor
are formed on the substrate 110. A rooflayer 285 is formed on
the pixel electrode 191, with a microcavity 200 positioned
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between the roof layer 285 and the pixel electrode 191. The
roof layer 285 has the liquid crystal injection hole 201 that
exposes the microcavity 200. The microcavity 200 is filled
with liquid crystal 3. The encapsulation layer 295 covering
the liquid crystal injection hole 201 is formed on the roof
layer 285, and the encapsulation layer 295 seals the micro-
cavity 200 for each pixel area.

[0096] In the exemplary embodiment described above in
connection with FIGS. 1 to 3, the encapsulation layer 295
includes one first sub-encapsulation layer 295« and one sec-
ond sub-encapsulation layer 2955. However in the exemplary
embodiment described in connection with FIGS. 4 and 5, the
encapsulation layer 295 includes two first sub-encapsulation
layers 2954 and 295¢ and two second sub-encapsulation lay-
ers 2956 and 2954.

[0097] The first sub-encapsulation layers 295a and 295¢
and the second sub-encapsulation layers 2955 and 295d are
alternately formed. The first sub-encapsulation layer 2954 is
formed on the third insulating layer 290 and the second sub-
encapsulation layer 2955 is formed on the first sub-encapsu-
lation layer 295a. The first sub-encapsulation layer 295¢ is
formed on the second sub-encapsulation layer 2955 and the
second sub-encapsulation layer 2954 is formed on the first
sub-encapsulation layer 295¢.

[0098] A plurality of the first sub-encapsulation layers
295a and 295¢ and the second sub-encapsulation layers 2955
and 2954 are alternately formed, and thus, the moisture may
be prevented from penetrating into the microcavity 200
through the encapsulation layer 295.

[0099] As shown in FIG. 4 and FIG. 5, the encapsulation
layer 295 includes two first sub-encapsulation layers 295a
and 295¢ and two second sub-encapsulation layers 2955 and
295d, for example. However, exemplary embodiments of the
present invention are not limited thereto. For example, the
encapsulation layer 295 may include three or more first sub-
encapsulation layers and three or more second sub-encapsu-
lation layers.

[0100] After forming the encapsulation layer 295, an
annealing process may be additionally performed. When the
annealing process is additionally performed, the penetration
of the moisture may be further prevented.

[0101] Referring to Table 2, the water vapor transmission
rates according to materials of the first sub-encapsulation
layer and the second sub-encapsulation layer, the number of
pairs of the first sub-encapsulation layer and the second sub-
encapsulation layer, and whether an annealing process is
performed are described.

TABLE 2

Number of pairs

of the first and ‘Water vapor transmission rate
second sub- (WVTR, g/m?/day)
encapsulation No annealing Annealing
Material layer process process
silicon nitride/ 1 (6£21)*%107% (3z1.0)*1073
perylene 2 (6£25%10%  (1=03)*107*
3 (6+0.6)%10™  (7=50)*10°8
4 (5+28)%10°  (7=51)*10°
silicon oxide/ 3 (7£3.0)%10%  (7=3.1)*107°
perylene
[0102] As the number of pairs of the first sub-encapsulation

layer and the second sub-encapsulation layer is increased, the
water vapor transmission rate is decreased. Also, the water
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vapor transmission rate is further decreased when an anneal-
ing process is performed as compared with when no anneal-
ing process is carried out.

[0103] In Table 2 above, the encapsulation layer includes a
plurality of the first sub-encapsulation layers of an organic
insulating material and a plurality of the second sub-encap-
sulation layers of an inorganic insulating material. However,
exemplary embodiments of the present invention are not lim-
ited thereto. For example, the encapsulation layer may
include a plurality of the third sub-encapsulation layers made
of a metal oxide instead of the plurality of the second sub-
encapsulation layers. The third sub-encapsulation layer may
be made of a metal oxide such as aluminum oxide (Al,0;).
[0104] The first sub-encapsulation layer and the third sub-
encapsulation layer may be alternately formed.

[0105] The encapsulation layer may have a structure in
which the second sub-encapsulation layer is formed on the
first sub-encapsulation layer, the first sub-encapsulation layer
is again formed on the second sub-encapsulation layer, and
the third sub-encapsulation layer is formed on the first sub-
encapsulation layer.

[0106] FIG. 6 and FIG. 7 are cross-sectional views illus-
trating a display device according to an exemplary embodi-
ment of the present invention as taken along different lines
from each other.

[0107] 1In the display device according to an exemplary
embodiment of the present invention, a thin film transistor
and a pixel electrode 191 connected to the thin film transistor
are formed on a substrate 110. A roof layer 285 is formed on
the pixel electrode 191, with a microcavity 200 positioned
between the roof layer 285 and the pixel electrode 191. The
roof layer 285 has a liquid crystal injection hole 201 that
exposes the microcavity 200. The microcavity 200 is filled
with liquid crystal 3. The encapsulation layer 295 covering
the liquid crystal injection hole 201 is formed on the roof
layer 285, and the encapsulation layer 295 seals the micro-
cavity 200 for each pixel area.

[0108] In the exemplary embodiment described above in
connection with FIGS. 1 to 3, the encapsulation layer 295
includes the first sub-encapsulation layer 295¢ made of an
organic insulating material and the second sub-encapsulation
layer 2955 made of an inorganic insulating material. How-
ever, in the exemplary embodiment described in connection
with FIGS. 6 and 7, the encapsulation layer 295 includes the
first sub-encapsulation layer 295a, the second sub-encapsu-
lation layer 2955, and a third sub-encapsulation layer 295e.
[0109] The first sub-encapsulation layer 2954 is made of an
organic insulating material, the second sub-encapsulation
layer 2955 is made of an inorganic insulating material, and the
third sub-encapsulation layer 295¢ is made of a metal oxide
such as aluminum oxide (Al,O5).

[0110] The encapsulation layer 295 further includes the
third sub-encapsulation layer 295¢ made of a metal oxide and
thus the moisture may be further prevented from penetrating
into the microcavity 200 through the encapsulation layer 295.
[0111] As shown in FIG. 6 and FIG. 7, the first sub-encap-
sulation layer 295a is formed on the third insulating layer
290, the second sub-encapsulation layer 2955 is formed on
the first sub-encapsulation layer 2954, and the third sub-
encapsulation layer 295¢ is formed on the second sub-encap-
sulation layer 2955. However, exemplary embodiments of the
present invention are not limited thereto, and the sequence of
the first sub-encapsulation layer 295a, the second sub-encap-
sulation layer 2955, and the third sub-encapsulation layer
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295¢ may be changed. For example, the third sub-encapsula-
tion layer 295¢ may be formed on the first sub-encapsulation
layer 2954, and the second sub-encapsulation layer 2955 may
be formed on the third sub-encapsulation layer 295e.

[0112] As shown in FIG. 6 and FIG. 7, the third insulating
layer 290 includes one first sub-encapsulation layer 2954, one
second sub-encapsulation layer 2955, and one third sub-en-
capsulation layer 295e¢, for example. However, exemplary
embodiments of the present invention are not limited thereto.
The third insulating layer 290 may include a plurality of first
sub-encapsulation layers 2954, a plurality of second sub-
encapsulation layers 2955, and a plurality of third sub-encap-
sulation layers 295e. In this case, the first sub-encapsulation
layers 295a, the second sub-encapsulation layers 2955, and
the third sub-encapsulation layers 295¢ may be repeatedly
formed, e.g., in the order of a first sub-encapsulation layer
2954, a second sub-encapsulation layer 2955, and a third
sub-encapsulation layer 295e.

[0113] FIG. 8to FIG. 27 are cross-sectional views illustrat-
ing a method of manufacturing a display device according to
an exemplary embodiment of the present invention. FIG. 8,
FIG. 10,FIG. 12, F1G. 14, FIG. 16, FIG. 18, FIG. 20, F1G. 22,
FIG. 24,and F1G. 26 are cross-sectional views taken along the
same line. F1G. 9, FIG. 11, FIG. 13, FIG. 15, FIG. 17,F1G.19,
FIG. 21, FIG. 23, FIG. 25, and FIG. 27 are cross-sectional
views taken along the same line.

[0114] AsshowninFIG. 8 and FIG. 9, a gate line extending
in adirection and a gate electrode 124 protruded from the gate
line are formed on a substrate 110 made of glass or plastic. A
storage electrode 133 separated from the gate line 121 and the
gate electrode 124 is formed. The storage electrode 133 may
be formed of the same material as the gate line and the gate
electrode 124.

[0115] A gateinsulating layer 140 is formed of an inorganic
insulating material, such as silicon oxide or silicon nitride, on
an entire surface of the substrate 110 including the gate line
121, the gate electrode 124, and the storage electrode 133.
The gate insulating layer 140 may include a single layer or a
multilayer structure.

[0116] As shown in FIG. 11 and FIG. 12, a semiconductor
material such as amorphous silicon, polycrystalline silicon,
or a metal oxide is deposited on the gate insulating layer 140
and is patterned to thus form a semiconductor layer 150. The
semiconductor layer 150 may be positioned on the gate elec-
trode 124.

[0117] A metal layer is deposited on the gate insulating
layer 140 and is patterned to thus form a data line 171 extend-
ing in another direction. A source electrode 173 protruded
from the data line 171 on the semiconductor layer 150 and a
drain electrode 175 separated from the source electrode 173
are formed. The metal layer may include a single layer or a
multilayer structure.

[0118] A semiconductor material layer and a metal layer
may be sequentially deposited on the gate insulating layer
140 and may be simultaneously patterned to thus form the
semiconductor layer 150, the data line 171, the source elec-
trode 173, and the drain electrode 175. The semiconductor
layer 150 is extended under the data line 171.

[0119] The gate electrode 124, the semiconductor layer
150, the source electrode 173, and the drain electrode 175
form one thin film transistor. The gate line 121 and the data
line 171 may cross each other. A plurality of pixel areas may
be defined by gate lines including the gate line 121 and data
lines including the data line 171.
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[0120] As shown in FIG. 12 and as FIG. 13, a passivation
layer 180 is formed on the data line 171, the source electrode
173, the drain electrode 175, and the semiconductor layer 150
exposed between the source electrode 173 and the drain elec-
trode 173. The passivation layer 180 may be made of an
organic insulating material or an inorganic insulating mate-
rial. The passivation layer 180 may include a single layer or a
multilayer structure.

[0121] A color filter 230 is formed in each pixel area on the
passivation layer 180. Color filters 230 of the same color may
be formed along a colunm direction of a plurality of pixel
areas. For example, when forming the color filters 230 of
three colors including first, second, and third colors, the color
filter 230 of the first color is formed and then the color filter
230 of the second color is formed by shifting a mask. After
forming the color filter 230 of the second color, the color filter
230 of the third color may be formed by shifting the mask.

[0122] A light blocking member 220 is formed on the thin
film transistor. The light blocking member 220 is formed at

the boundary portion of the pixel areas on the passivation
layer 180.

[0123] After forming the color filter 230, the light blocking
member 220 is formed, for example. However, exemplary
embodiments of the present invention are not limited thereto,
and the color filter 230 may be formed after forming the light
blocking member 220.

[0124] The first insulating layer 240 is formed of an inor-
ganic insulating material such as silicon nitride (SiNx) or
silicon oxide (SiOx) on the color filter 230 and the light
blocking member 220.

[0125] The first insulating layer 240, the light blocking
member 220, and the passivation layer 180 are etched form-
ing a contact hole 181 exposing a portion of the drain elec-
trode 175.

[0126] As shown in FIG. 14 and FIG. 15, a transparent
metal layer including a metal such as indium-tin oxide (ITO)
or indium-zinc oxide (IZ0) is deposited and is patterned on
the first insulating layer 240 to thus form a pixel electrode 191
in the pixel area. The pixel electrode 191 is connected to the
drain electrode 175 through the contact hole 181.

[0127] As shown in FIG. 16 and FIG. 17, a sacrificial layer
210 is formed of an organic insulating material on the pixel
electrode 191 and the first insulating layer 240. The sacrificial
layer 210 is patterned and thus the sacrificial layer 210 is
divided between pixel areas adjacent to each other in a direc-
tion and is continuous between pixel areas adjacent to each
other in another direction. For example, the sacrificial layer
210 may be separated between pixel areas adjacent to each
other in the row direction and may be continuous between
pixel areas adjacent to each other in the column direction. The
sacrificial layer 210 formed on the data line 171 may be
removed.

[0128] The sacrificial layer 210 may be made of a photo-
sensitive polymer material, and the sacrificial layer 210 is
patterned by a photo-process.

[0129] As shown in FIG. 18 and F1G. 19, a metal layer is
deposited on the sacrificial layer 210 to thus form a common
electrode 270.

[0130] The second insulating layer 280 is formed of an
inorganic insulating material, such as silicon oxide or silicon
nitride, on the common electrode 270.
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[0131] Theorganic layer 285 is formed of an organic mate-
rial on the second insulating layer 280. The roof layer 285
formed on the gate line may be removed by patterning the roof
layer 285.

[0132] As shown in FIG. 20 and FIG. 21, the third insulat-
ing layer 290 may be formed of an inorganic insulating mate-
rial, such as silicon nitride (SiNx) or silicon oxide (SiOx), on
the rooflayer 285. The third insulating layer 290 is formed on
the patterned roof layer 285 and thus covers and protects the
side surface of the roof layer 285.

[0133] As shown in FIG. 22 and FIG. 23, the third insulat-
ing layer 290, the second insulating layer 280, and common
electrode 270 are patterned to thus remove the third insulating
layer 290, the second insulating layer 280, and the common
electrode 270 overlapping the gate line. Accordingly, the
sacrificial layer 210 positioned under a portion where the
common electrode 270 is removed is exposed.

[0134] Oxygen plasma for ashing or a developer is supplied
onto the substrate 110 exposed by the sacrificial layer 210,
entirely removing the sacrificial layer 210. The sacrificial
layer 210 is removed, thus leaving a microcavity 200. The
pixel electrode 191 and the roof layer 285 are separated via
the microcavity 200 interposed therebetween. The microcav-
ity 200 is exposed through the portion where the roof layer
285 is not formed. For example, the microcavity 200 is
exposed through a liquid crystal injection hole 201. The lig-
uid crystal injection hole 201 is formed along the gate line.
Alternately, the liquid crystal injection hole 201 may be
formed along the data line 171.

[0135] An aligning agent including an alignment material
1s deposited on the substrate 110 by a spin coating method or
an inkjet method. The aligning agent is injected into the
microcavity 200 through the liquid crystal injection hole 201.
After injecting the aligning agent into the microcavity 200, a
hardening process is performed evaporating a solution com-
ponent and leaving the alignment material on the inner wall of
the microcavity 200.

[0136] Accordingly, the first alignment layer 11 may be
formed on the pixel electrode 191, and the second alignment
layer 21 may be formed under the common electrode 270. The
first alignment layer 11 and the second alignment layer 21
face each other with the microcavity 200 disposed therebe-
tween. The first and second alignment layers 11 and 12 are
connected to each other at the edge of the pixel area. For
example, the common electrode 270 forms a side wall cover-
ing the side surface of the microcavity 200 in a direction
substantially parallel to the data line 171 in a portion near the
data line 171, and the alignment material is left on the inner
surface of the side wall.

[0137] The first and second alignment layers 11 and 21
perform alignment in a direction substantially perpendicular
to the first substrate 110 except for the side surface of the
microcavity 200. By performing a process of irradiating ultra-
violet rays to the first and second alignment layers 11 and 21,
the alignment may be performed in the direction substantially
parallel to the substrate 110.

[0138] Liquid crystal 3 including liquid crystal molecules
is deposited by an inkjet method or a dispensing method on
the substrate 110, and thus, the liquid crystal 3 is injected into
the microcavity 200 through the liquid crystal injection hole
201. The liquid crystal 3 may be deposited to theliquid crystal
injection holes 201 formed along odd-numbered gate lines
121, but not to the liquid crystal injection holes 201 formed
along even-numbered gate lines 121. Alternatively, the liquid
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crystal 3 may be deposited to the liquid crystal injection holes
201 formed along the even-numbered gate lines 121, but not
to the liquid crystal injection holes 201 formed along the
odd-numbered gate lines 121.

[0139] When the liquid crystal 3 is deposited to the liquid
crystal injection holes 201 formed along the odd-numbered
gate lines 121, the liquid crystal 3 is injected into the micro-
cavity 200 through the liquid crystal injection holes 201 by
capillary force. Air flows out of the microcavity 200 through
the liquid crystal injection holes 201 formed along the even-
numbered gate lines 121, and thereby the liquid crystal 3 is
easily injected into the microcavity 200.

[0140] A material that does not react with the liquid crystal
3 is deposited on the second insulating layer 290 forming an
encapsulation layer 295. The encapsulation layer 295 covers
the liquid crystal injection holes 201 where the microcavity
200is exposed outside and seals the microcavity 200 for each
pixel area.

[0141] The encapsulation layer 295 may include a multi-
layer structure such as a dual layer structure or a triple layer
structure.

[0142] The first sub-encapsulation layer 295 is formed on
the third insulating layer 290 by using an organic insulating
material such as perylene, silicone, and/or a UV sheet. The
first sub-encapsulation layer 295 may be thick enough to
flatten the depressed portion near the liquid crystal injection
hole 201. The thickness of the first sub-encapsulation layer
295a may be in a range of about 0.5 um to about 1 um. The
thickness of the first sub-encapsulation layer 295a may
include the thickness of the portion formed on the third insu-
lating layer 290. Accordingly, the thickness of the first sub-
encapsulation layer 2954 formed near the liquid crystal injec-
tion hole 201 may be more than about 1 um.

[0143] The second sub-encapsulation layer 295 is formed
of the inorganic insulating material, such as silicon oxide
(810x) or silicon nitride (SiNx), on the first sub-encapsulation
layer 295. The thickness of the second sub-encapsulation
layer 2956 may be in a range of about 20 nm to about 50 nm.

[0144] As shown in FIG. 24 and FIG. 25, the encapsulation
layer 295 includes one first sub-encapsulation layer 295a and
one second sub-encapsulation layer 2955. However, exem-
plary embodiments of the present invention are not limited
thereto. According to exemplary embodiments of the present
invention, the first sub-encapsulation layer 2954 and the sec-
ond sub-encapsulation layer 2955 may be alternately formed,
or a third sub-encapsulation layer may be formed of a metal
oxide to thus replace the second sub-encapsulation layer
295b. According to an exemplary embodiment of the present
invention, in addition to the first sub-encapsulation layer 295a
and the second sub-encapsulation layer 2955, a third sub-
encapsulation layer may be formed of a metal oxide. The
number of material layers included in the encapsulation layer
295 and the sequence thereof may be changed.

[0145] By performing an annealing process after forming
the encapsulation layer 295, the water vapor transmission rate
in which moisture penetrates into the microcavity 200 may be
further decreased.

[0146] As shown in FIG. 26 and FIG. 27, a buffer layer 300
may be further formed of an organic material on the encap-
sulation layer 295. The buffer layer 300 may be formed of the
same or substantially the same material as the first sub-en-
capsulation layer 295. Alternatively, the buffer layer 300 may
be omitted.
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[0147] A fluoro-silane-based material layer is deposited in
vacuum with a thickness of about 10 A to about 20 A on the
buffer layer 300 to thus form a self-assembled monolayer
310. The surface of the self-assembled monolayer 310 has a
hydrophobic property and thus the water vapor transmission
rate in which moisture penetrates into the microcavity 200
may be further decreased.

[0148] Next, polarizers 12 and 22 may be further attached
on the upper and the lower surfaces of the display device. The
polarizers 12 and 22 may include the first polarizer 12 and the
second polarizer 22. The first polarizer 12 may be further
attached on the lower surface of the substrate 110, and the
second polarizer 22 may be attached on the self-assembled
monolayer 310. When the buffer layer 300 and the self-as-
sembled monolayer 310 are not formed, the second polarizer
22 may be attached on the encapsulation layer 295.

[0149] The second polarizer 22 may be more easily
detached when attaching the second polarizer 22 directly on
the self-assembled monolayer 310 than when attaching the
second polarizer 22 directly on the encapsulation layer 295.
[0150] According to exemplary embodiments of the
present invention, the display device may be manufactured
using one substrate. Thus, the weight, thickness, cost, and
process time thereof may be reduced.

[0151] Theencapsulation layer includes a multilayer struc-
ture that may include an organic insulating material, an inor-
ganic insulating material, and a metal oxide. Thus, moisture
may be prevented from penetrating into the display device.
[0152] The self-assembled monolayer is formed on the
encapsulation layer.

[0153] Accordingly, penetration of moisture into the dis-
play device may be prevented and a reattaching process of the
polarizer may be easily performed.

[0154] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the ¢on-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A display device comprising:

a substrate;

a thin film transistor disposed on the substrate;

a pixel electrode connected to the thin film transistor;

a roof layer disposed on the pixel electrode to be spaced
apart from the pixel electrode by

a plurality of microcavities therebetween;

aliquid crystal layer disposed in the plurality of microcavi-
ties; and

an encapsulation layer disposed on the roof layer,

wherein the encapsulation layer includes a first sub-encap-
sulation layer and a second sub-encapsulation layer, and
the first sub-encapsulation layer is interposed between
the second sub-encapsulation layer and the roof layer.

2. The display device of claim 1, wherein a portion of the
first sub-encapsulation layer is interposed between the second
sub-encapsulation layer and the roof layer.

3. The display device of claim 1, wherein the first sub-
encapsulation layer includes an inorganic material, and the
second sub-encapsulation layer includes an organic insulat-
ing material.
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4. The display device of claim 3, wherein the first sub-
encapsulation layer includes a silicon oxide (SiOx) or a sili-
con nitride (SiNx).

5. The display device of claim 3, wherein the second sub-
encapsulation layer includes perylene, silicone, or an ultra
violet (UV) sheet.

6. The display device of claim 3, wherein the first sub-
encapsulation layer has a thickness in a range of from about
20 nm to about 50 nm.

7. The display device of claim 3, wherein the second sub-
encapsulation layer has a thickness in a range of from about
0.5 um to about 1 um.

8. The display device of claim 3, wherein the encapsulation
layer further includes a third sub-encapsulation layer includ-
ing a metal oxide.

9. The display device of claim 8, wherein the third sub-
encapsulation layer includes aluminum oxide (AL,0;).

10. The display device of claim 8, wherein the third sub-
encapsulation layer is disposed on the second sub-encapsu-
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lation layer or between the first sub-encapsulation layer and
the second sub-encapsulation layer.

11. The display device of claim 1, further comprising a
self-assembled monolayer (SAM) formed on the encapsula-
tion layer.

12. The display device of claim 1, further comprising a
buffer layer formed on the encapsulation layer, the buffer
layer including an organic insulating material.

13. The display device of claim 1, further comprising a
polarizer disposed on the encapsulation layer.

14. The display device of claim 1, further comprising a
light blocking member disposed on the thin film transistor.

15. The display device of claim 1, wherein the light block-
ing member is disposed between the thin film transistor and
the encapsulation layer.

16. The display device of claim 14, the light blocking
member is disposed between a data line connected the thin
film transistor and the roof layer.

* ok %k
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