US 20150048333A1
a9y United States

12) Patent Application Publication (o) Pub. No.: US 2015/0048333 Al

CHOI et al. (43) Pub. Date: Feb. 19, 2015
(54) ORGANIC LIGHT EMITTING DIODE Publication Classification
DISPLAY AND METHOD FOR PREPARING (51) Int.Cl
THE SAME HOIL 27/32 (2006.01)
HOIL 51/52 (2006.01)
(71) Applicant: SAMSUNG DISPLAY CO., LTD., HOIL 51/56 (2006.01)
Yongin-City (KR) (52) US.CL
CPC .....c..... HOIL 27/322 (2013.01); HOIL 51/56
(72) Inventors: Jin Woo CHOI, Seoul (KR); Hae Yun USPC (2013.01); HOIL 51/;25;?4(020413389219)
CHOL Hwascong-si (KR); Min Woo  UOFC s ;
KIM, Hwaseong-si (KR) (7) ABSTRACT

An organic light emitting diode display includes an organic

light emitting panel, a high refractive organic film layer onthe

(21) Appl. No.: 14/327,610 organic light emitting panel, the high refractive organic film
layer including a convex portion having a convex shape with

respect to the organic light emitting panel, a low refractive

(22) Filed: Jul. 10. 2014 organic film layer on the high refractive organic film, the low
) e refractive organic film layer including a concave portion cor-

responding to the convex portion of the high refractive

(30) Foreign Application Priority Data organic film layer, a color filter on the low refractive organic
film layer, and a light blocking member having an opening
Aug. 13,2013 (KR) .ooveevvrcevercee 10-2013-0096047 corresponding to the color filter.
365
361 370 191 185b 270 361
| ) )

\ ]

| — —— \—; 5

! { T 1
Voo VAV
] ] ] ] ] A\ l )

171 180 175b 140 165b)163b) 173b 127 ) 110 )
154b 124b 172 180




Patent Application Publication  Feb. 19,2015 Sheet 1 of 19 US 2015/0048333 Al

FIG. 1
~-230
-301a
+-200
I Ll Ll L i 4
\ 4~100
|

370



Patent Application Publication  Feb. 19,2015 Sheet 2 of 19 US 2015/0048333 Al

FIG. 2
240
123
~301a
240
+-200

i

370a 370c




Patent Application Publication  Feb. 19,2015 Sheet 3 of 19

F1G. 3
230
~ % R
230a 230b 230¢

US 2015/0048333 A1

— — — x I ——+-220
1 ‘ +-302a
1+-301a

200

22777 unga 7 777
\ \

-~-100

370a 370b 370c,
Y
370




Patent Application Publication  Feb. 19,2015 Sheet 4 of 19 US 2015/0048333 Al

FIG. 4
| 230
— R 220
~301a
200
K ( 100
\
)




Patent Application Publication  Feb. 19,2015 Sheet 5 of 19 US 2015/0048333 Al

FIG. 5

~230
220

\ ~302b

~-301b

LL

~200

-~-100

\__/\’

370



Patent Application Publication  Feb. 19,2015 Sheet 6 of 19 US 2015/0048333 Al

FIG. 6

/.—
—
-
.

1 — 1 —1-220
1 A A +-302b
~301b

200

Lz \//l I pANPY| 100

370a 370b 370c,
370




Patent Application Publication  Feb. 19,2015 Sheet 7 of 19 US 2015/0048333 Al

FIG. 7

L 0o

) ) )
230¢ 230b 230a




Patent Application Publication  Feb. 19,2015 Sheet 8 of 19 US 2015/0048333 Al

FIG. &

| ﬂ ﬂ e

) \ )
230c 230b 230a




Patent Application Publication  Feb. 19,2015 Sheet 9 of 19 US 2015/0048333 Al

FIG. 9

1-301

| ﬂ ﬂ e




Patent Application Publication  Feb. 19,2015 Sheet 100f19  US 2015/0048333 Al

FIG. 10

370

-100
200

NN

) \ \
230¢ 230b 2303




Patent Application Publication  Feb. 19,2015 Sheet 110f19  US 2015/0048333 Al

FIG. 11

~-230
! 220

__/\\_«aoza

~301a

~200

[ Z L L L A

~~-100

\__/_‘

370



Patent Application Publication  Feb. 19,2015 Sheet 120f19  US 2015/0048333 A1

FI1G. 12
230
I N ™
230a 2?>0b 230c
\ A ‘// A / [ [
1  E— — —+.220
A A A L_302a
~301a
~200
L ,\//! | /\/,I | /(////I 100
) ) )
370a 370b 370c,




Patent Application Publication  Feb. 19,2015 Sheet 130f19  US 2015/0048333 A1

FIG. 13
= S ——
m\-ma
~301a
1200
yd 24 | 74 pd ]
\ K 100
]



Patent Application Publication  Feb. 19,2015 Sheet 140f19  US 2015/0048333 Al

FIG. 14

230
1220

~302b

LJ
|

~301b

200

[ A LLLL |

+~-100

-

370



Patent Application Publication  Feb. 19,2015 Sheet 150f19  US 2015/0048333 A1

FI1G. 15
230
Vs % D
230a 230b 230c

AT,
=

)v Mj—-xmb
~-301b
1~200
gzzes V77771 sz 100
3;0a 3)0b 3;0C
N J

~
370



Patent Application Publication  Feb. 19,2015 Sheet 16 0f19  US 2015/0048333 A1

FIG. 16
172 172
171 171 .« v . 171
PX
—  Cst
—
+—IC Qd
lILD
Qs LD
{ & TV
121 I *

121




Patent Application Publication  Feb. 19,2015 Sheet 170f19  US 2015/0048333 A1

FIG. 17
82
182~/Eéi]«v179 [éé]
—— ~
X
" ] B
1901 T
A\::>172
oo L 171
L 197
171 <4
124h 73b
IV 175b\\\\\\\ v
]| ssb iinalll
154a | || | “_[}?;‘\\\\“~“1154b
1T N ] N
12)31 L_.__-——--w%;ﬂ gu:__J -
| U] | [
s /T
V11 os J185a)184

121 173a 175 85



Patent Application Publication  Feb. 19,2015 Sheet 180f19  US 2015/0048333 Al

FIG. 18

3?1 173a 185a 5

%—%m

) |
180 171154a)124a )140 1753 180 124b 110 172 140 180
163a 165a




Patent Application Publication  Feb. 19,2015 Sheet 190f19  US 2015/0048333 Al

FIG. 19

365
361/ 370 191 18'\5b 230 361

/— W5

' { — ‘ T\ 1

S R S LN
171 180  175b 140 165b )163b) \173b 127 ) 110 )
154b 124b 172 180




US 2015/0048333 Al

ORGANIC LIGHT EMITTING DIODE
DISPLAY AND METHOD FOR PREPARING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2013-0096047,
filed on Aug. 13, 2013, in the Korean Intellectual Property
Office, and entitled: “Organic Light Emitting Diode Display
and Method For Preparing The Same,” is incorporated by
reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to an organic light emitting
diode display and a method for preparing the same.

[0004] 2. Description of the Related Art

[0005] An organic light emitting diode display is a self-
light emitting display device which forms excitons by recom-
bining electrons and holes injected into an organic material
through an anode and a cathode, and generates light having a
predetermined wavelength by energy from the formed exci-
tons. Accordingly, since the organic light emitting diode dis-
play does not require a separate light source, e.g., does not
require a backlight unit as a LCD, the organic light emitting
diode display may exhibit low power consumption, and a
wide viewing angle and a rapid response speed may be easily
ensured. As a result, the organic light emitting diode display
has received attention as a next-generation display device.
[0006] In the organic light emitting diode display, pixels,
i.e., basic units for image expression, may be arranged in a
pixel area, in which an image is actually displayed on a
substrate, in amatrix form. An organic light emitting element,
in which a first pixel electrode as an anode and a second pixel
electrode as a cathode are sequentially formed with each
organic light emitting layer expressing red R, green G, and
blue B, is disposed for each pixel. In addition, in the case of an
active matrix type organic light emitting diode display, a thin
film transistor (TFT) connected to the organic light emitting
element is formed for each pixel to independently control
each of the pixels.

SUMMARY

[0007] An exemplary embodiment provide an organic light
emitting diode display, including an organic light emitting
panel, a high refractive organic film layer on the organic light
emitting panel, the high refractive organic film layer includ-
ing a convex portion having a convex shape with respect to the
organic light emitting panel, a low refractive organic film
layer on the high refractive organic film, the low refractive
organic film layer including a concave portion corresponding
to the convex portion of the high refractive organic film layer,
a color filter on the low refractive organic film layer, and a
light blocking member having an opening corresponding to
the color filter.

[0008] The organic light emitting panel may include a thin
film transistor substrate including an organic light emitting
layer, and an encapsulation layer formed on the thin film
transistor substrate.

[0009] A thickness of the encapsulation layer may be 1 to
10 pm.
[0010] The high refractive organic film layer may use one

or more kinds selected from a group constituted by TiO,,
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ZrO, and SiN, as a nano high refractive bead, and the low
refractive organic film layer may use a fluorine based material
or air nano bead particles.

[0011] A formation angle of a convex portion of the high
refractive organic film layer and a concave portion of the low
refractive organic film layer corresponding to the convex
portion may be 10° to 80° according to a size of each pixel.

[0012] Heights of the convex portion of the organic film
layer and the concave portion corresponding to the convex
portion may be in a range of 1 to 6 um.

[0013] Widths of the convex portion of the organic film
layer and the concave portion corresponding to the convex
portion may be -5 to +5 pm with respect to the width of each
pixel according to widths of the red, green, and blue pixels.

[0014] A total thickness of the organic film layers may be 5
to 20 pm.
[0015] A refractive index of the high refractive organic film

layer may have a range of 1.7 to 1.9, and a refractive index of
the low refractive organic film layer may have a range of 1.2
to 1.5.

[0016] The high refractive organic film layer and the low
refractive organic film layer may be configured in a mono lens
form or a multi lens form.

[0017] A thickness of the light blocking member may be 1
to 5 um.
[0018] A linear distance in formation position between the

light blocking member and the organic light emitting layer
may be 2 to 6 um.

[0019] A thickness of the color filter may be 1 to 5 pm.
[0020] An adhesive layer may be additionally formed
between the encapsulation layer and the organic film layer or
between the organic film layer and the color filter.

[0021] A thickness of the adhesive layer may be 5 to 50 pm.
[0022] A flat portion having a flat shape may be addition-
ally included at a center of the convex portion of the organic
film layer and a concave portion corresponding to the convex
portion.

[0023] The flat portion may be 50 to 70% of the entire area
of each pixel.
[0024] Another exemplary embodiment provides a method

for preparing an organic light emitting diode display, includ-
ing: forming a light blocking member on a boundary between
pixels of red, green, and blue pixels of a color filter formed on
asubstrate; forming a low refractive organic film layer includ-
ing a concave portion having a concave pattern between the
light blocking members on the color filter with the light
blocking member; adhering a high refractive organic film
layer including a convex portion corresponding to the con-
cave portion on the low refractive organic film layer by using
an adhesive; and bonding a thin film transistor substrate
including an organic light emitting layer on the high refractive
organic film layer.

[0025] The light blocking member may be formed to have
a height of 1 to 5 pum.

[0026] The adhesive may use urethane acrylate resin or
2-hydroxy ethyl acrylate.

[0027] Thebonding ofthe thin film transistor substrate may
use a UV curing method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Features will become apparent to those of ordinary
skill in the art by describing in detail exemplary embodiments
with reference to the attached drawings, in which:
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[0029] FIG. 1 illustrates a diagram of a thin film encapsu-
lation structure of a pixel having a mono lens form of an
organic light emitting diode display according to an exem-
plary embodiment.

[0030] FIG. 2 illustrates a diagram of a thin film encapsu-
lation structure of a pixel having a multi-lens form of the
organic light emitting diode display according to the exem-
plary embodiment.

[0031] FIG. 3 illustrates a diagram of a progress direction
of light depending on a thin film encapsulation structure of the
organic light emitting diode display according to the exem-
plary embodiment.

[0032] FIG. 4 illustrates a diagram of a thin film encapsu-
lation structure of an organic light emitting diode display
according to another exemplary embodiment.

[0033] FIG. Sillustrates a diagram of a thin film encapsu-
lation structure of a pixel of an organic light emitting diode
display according to yet another exemplary embodiment.
[0034] FIG. 6 illustrates a diagram of a progress direction
of light depending on the thin film encapsulation structure of
the organic light emitting diode display according to yet
another exemplary embodiment.

[0035] FIGS. 7 to 10 illustrate stages in a method for pre-
paring an organic light emitting diode display according to an
exemplary embodiment.

[0036] FIGS. 11 to 15 illustrate diagrams of thin film
encapsulation structures of organic light emitting diode dis-
plays according to exemplary embodiments in which a posi-
tion of a light blocking member is opposite to that of the light
blocking member in the structure of FIGS. 1 to 5.

[0037] FIG. 16 illustrates an equivalent circuit diagram of
an organic light emitting diode display according to an exem-
plary embodiment.

[0038] FIG. 17 illustrates a layout view of an organic light
emitting diode display according to an exemplary embodi-
ment.

[0039] FIG. 18 illustrates a cross-sectional view taken
along line of FIG. 16.

[0040] FIG. 19 illustrates a cross-sectional view taken
along line IV-IV of FIG. 16.

DETAILED DESCRIPTION

[0041] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0042] In the drawings, the thickness of layers, films, pan-
els, regions, etc., may be exaggerated for clarity. Like refer-
ence numerals designate like elements throughout the speci-
fication. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be “directly on” the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0043] Hereinafter, an organic light emitting diode display
and a method for preparing the same according to an exem-
plary embodiment will be described in detail with reference
to the drawings. Then, a thin film encapsulation structure of
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the organic light emitting diode display according to the
exemplary embodiment will be described in detail with ref-
erence to FIGS. 1 to 3.

[0044] FIG. 1 illustrates a diagram of a thin film encapsu-
lation structure of one pixel having a mono lens form of an
organic light emitting diode display according to an exem-
plary embodiment, FIG. 2 illustrates a diagram of a thin film
encapsulation structure of one pixel having a multi-lens form,
and FIG. 3 illustrates a diagram illustrating a progress direc-
tion of light depending on a thin film encapsulation structure.
[0045] As illustrated in FIG. 1, a thin film encapsulation
structure of an organic light emitting diode display according
to an exemplary embodiment may include an organic light
emitting panel, a thin lens structure on the organic light emit-
ting panel, and a color filter on the lens structure. In detail, the
organic light emitting panel may include a thin film transistor
substrate 100 with an organic light emitting layer 370, and an
encapsulation layer 200 on the thin film transistor substrate
100. The thin lens structure may include a high refractive
organic film layer 301 a and a low refractive organic film layer
302a on the encapsulation layer 200. A light blocking mem-
ber 220 and a color filter 230 may be on the low refractive
organic film layer 302a.

[0046] Infurther detail, the encapsulation layer 200 formed
on the thin film transistor substrate 100 including the organic
light emitting layer 370, the high refractive organic film layer
301a formed on the encapsulation layer 200, the low refrac-
tive organic film layer 302a formed on the high refractive
organic film layer 301a, the light blocking member 220
formed between respective pixels of red R, green G, and blue
B on the low refractive organic film layer 3024, and the color
filter 230 formed on the low refractive organic film layer 3024
and the light blocking member 220 may be configured, e.g,.,
sequentially laminated on the thin film transistor substrate
100. The high refractive organic film layer 301a¢ and low
refractive organic film layer 3024 have convex and concave
shapes, respectively, that are oriented toward the color filter
230 according to a size of each pixel, as will be described in
more detail below.

[0047] The encapsulation layer 200 for sealing the organic
light emitting layer 370 on the thin film transistor substrate
100 may be made of glass or metal. The encapsulation layer
200 is coated with a sealant along an outermost circumfer-
ence direction, and then a lower side of the encapsulation
layer 200 contacts the thin film transistor substrate 100. The
sealant may be used as various materials, e.g., inorganic or
organic sealants.

[0048] A thickness of the encapsulation layer 200 may be
about 1 um to about 10 pum. When the thickness of the encap-
sulation layer 200 is smaller than about 1 um, moisture and
the like may easily flow into the organic light emitting layer
370 from the outside. When the thickness of the encapsula-
tion layer 200 is larger than about 10 pm, an angle at which
light generated from the organic light emitting layer 370 and
passes through the color filter 230 to be dispersed may be
decreased, thereby reducing the viewing angle and the light
emitting efficiency.

[0049] The high refractive organic film layer 301a and the
low refractive organic film layer 302a may be sequentially
formed on, e.g., directly on, the encapsulation layer 200 to
improve light efficiency of light generated from the organic
light emitting layer 370. For example, as illustrated in FIG. 1,
the high refractive organic film layer 301¢ may be, e.g,
directly, between the low refractive organic film layer 302a
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and the encapsulation layer 200. The high refractive organic
film layer 301a may include, e.g., TiO,, ZrO, and/or SiN, as
nano high refractive beads, and the low refractive organic film
layer 302a may include, e.g., a fluorine based material or air
nano bead particles, but they are not limited thereto.

[0050] Thehigh refractive organic film layer 301a includes
a flat portion on the encapsulation layer 200 and a convex
portion on the flat portion. The convex portion is formed in a
convex lens shape toward the color filter 230, e.g., the convex
portion may be a curved portion protruding from the flat
portion toward the color filter 230. The convex portion of the
high refractive organic film layer 301¢ may be positioned
between the light blocking members 220 among respective
pixels, e.g., the convex portion may be centered between two
adjacent light blocking members 220.

[0051] The low refractive organic film layer 302a includes
a concave portion corresponding to the convex portion of the
high refractive organic film layer 301¢. For example, as illus-
trated in FIG. 1, the concave portion of the low refractive
organic film layer 302a may face and completely overlap,
e.g., may be complementary with respect to, the convex por-
tion of the high refractive organic film layer 301a. The con-
cave portion of the low refractive organic film layer 3024 may
be formed toward the color filter 230 between the light block-
ing members 220 formed on a boundary of each pixel.
[0052] Initial formation angles of the convex portion of the
high refractive organic film layer 301a and the concave por-
tion of the low refractive organic film layer 3024 correspond-
ing thereto may have formation angles of about 10 degrees to
about 80 degrees relative to a corresponding flat portion of the
low or high refractive organic film layer and according to a
size of each pixel. Heights of the convex portion of the high
refractive organic film layer 301¢ and the concave portion of
the low refractive organic film layer 302a corresponding
thereto may be about 1 um to about 6 um, and widths of the
convex portion and the concave portion may be about (-5) um
to about (+5) um of a width of each pixel according to a size
of each pixel.

[0053] Atotal, e.g., combined, thickness of the high refrac-
tive organic film layer 301a and the low refractive organic
film layer 302a may be about 20 wm or less, e.g., about 5 pm
to about 20 um. As the thicknesses of the organic film layers
301a and 302q are decreased, a distance at which light of the
organic light emitting layer 370 is transmitted is decreased,
and a region of light progressing toward the light blocking
member 220 is reduced. As a result, light efficiency of the
organic light emitting diode display may be further improved.
[0054] A refractive index of the high refractive organic film
layer 301a may have a range of about 1.7 to about 1.9. A
refractive index of the low refractive organic film layer 3024
may have a range of about 1.2 to about 1.5.

[0055] For example, the high refractive organic film layer
301a and the low refractive organic film layer 302a may be
configured in a mono lens form, i.e., a structure having a
single convex portion and a single concave portion corre-
sponding thereto formed in one pixel, as illustrated in FIG. 1.
In another example, the high refractive organic film layer
301¢ and the low refractive organic film layer 302a may be
configured in a multi lens form, i.e., a structure having a
plurality of convex portions adjacent to each other along a
horizontal direction and a plurality of concave portions cor-
responding thereto in one pixel, as illustrated in FIG. 2. For
example, as illustrated in FIG. 2, each of the plurality of
convex portions (and corresponding concave portion) over-
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laps a corresponding organic light emitting layer, e.g., corre-
sponding organic light emitting layers 370a and 370c.
[0056] The organic light emitting diode display according
to exemplary embodiments includes the high refractive
organic film layer 301a and the low refractive organic film
layer 302a. As a result, a polarizer which is generally used in
a conventional organic light emitting diode display may be
eliminated.

[0057] The light blocking member 220, i.e., a black matrix
220, may be positioned on the high refractive organic film
layer 301a and the low refractive organic film layer 302a. The
light blocking member 220 is positioned to correspond to the
organic light emitting layer 370, e.g., the light blocking mem-
ber 220 and the organic light emitting layer 370 have a non-
overlapping relationship.

[0058] A thickness of the light blocking member 220 may
be about 1 um to about 5 pm. When the thickness of the light
blocking member 220 is smaller than 1 um, the light blocking
member 220 may insufficiently block light, thereby causing
light leakage. When the thickness of the light blocking mem-
ber 220 is larger than 5 pum, an angle at which light generated
from the organic light emitting layer 370 passes through the
color filter 230 to be dispersed may be decreased, thereby
decreasing the viewing angle.

[0059] A linear distance of a formation position between
the light blocking member 220 and the organic light emitting
layer 370 is about 2 um to about 6 pum, in consideration of a
formation error.

[0060] The color filter 230 may be formed on the light
blocking member 220 and the low refractive organic film
layer 302q, and a thickness of the color filter 230 may be
about 1 um to about 5 pm. When the thickness of the color
filter 230 1s smaller than 1 um, color purity is deteriorated and
it is difficult to implement an accurate color. When the thick-
ness of the color filter 230 is larger than 5 pm, light emission
efficiency is deteriorated and the viewing angle may be
reduced. The thickness of the color filter 230 may be the same
as the thickness of the light blocking member 220. A width of
the color filter 230 may be larger than a width of the organic
light emitting layer 370, so light emitted from the organic
light emitting layer 370 may be more widely dispersed in the
color filter 230 to improve the viewing angle.

[0061] Further, an adhesive layer (not illustrated) may be
additionally formed between the encapsulation layer 200 and
the high and low refractive organic film layers 301a and 3024,
or between the high and low refractive organic film layers
301a and 302a and the color filter 230. The adhesive layer
may be made of a transparent material, and may have a
thickness of about 5 um to about 50 pm. When the adhesive
layer has a thickness smaller than 5 pm, the adhesion between
the layers may be deteriorated. When the adhesive layer has a
thickness larger than 50 pm, an angle at which the light
generated from the organic light emitting layer 370 passes
through the color filter 230 to be dispersed is decreased and
thus the viewing angle may be reduced.

[0062] Referring to FIG. 3, an organic light emitting diode
display may include a plurality of pixels having the structure
illustrated in FIG. 1. As such, the organic light emitting diode
display may include pixels of a red pixel 230a, a green pixel
2304, and a blue pixel 230¢.

[0063] Light emitted from each organic light emitting layer
370 of a red organic light emitting layer 370a, a green organic
light emitting layer 3705, and a blue organic light emitting
layer 370c¢ passes through the encapsulation layer 200, and
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light scattered by passing through the convex portion of the
high refractive organic film layer 3014 and the concave pot-
tion of the low refractive organic film layer 302a correspond-
ing thereto is concentrated at a center of the pixel by the
convex portion and the concave portion corresponding
thereto to be dispersed through each color filter 230 of the red
pixel 230qa, the green pixel 2305, and the blue pixel 230¢
between the light blocking members 220. The light emitted
and scattered from the organic light emitting layer 370 is
concentrated by the convex portion and the concave portion
corresponding thereto to be emitted through the color filter
230 while light blocked by the light blocking member 220 is
minimized.

[0064] Further, as the thicknesses of the high refractive
organic film layer 301a and the low refractive organic film
layer 3024 are increased, a moving distance, e.g., a path, of
the light through the high refractive organic film layer 301a
and the low refractive organic film layer 302q is increased.
Thus, a region where the light is emitted is further increased,
e.g., an area through which light is emitted out of the low
refractive organic film layer 302a toward the color filter 230
may increase to overlap the light blocking member 220. As a
result, to avoid decreased light efficiency of the organic light
emitting diode display, e.g., light loss due to overlap with the
light blocking member 220, a combined thickness of the high
refractive organic film layer 301a and the low refractive
organic film layer 3024 may be 20 um or less.

[0065] Next, a thin film encapsulation structure of an
organic light emitting diode display according to another
exemplary embodiment will be described in detail with ref-
erence to FIG. 4. FIG. 4 illustrates a diagram of a thin film
encapsulation structure of an organic light emitting diode
display according to another exemplary embodiment.

[0066] Referring to FIG. 4, a thin film encapsulation struc-
ture of an organic light emitting diode display may include a
plurality of pixels having different widths. For example, as
illustrated in FIG. 4, the red pixel 230q and the blue pixel 230¢
may have widths different from each other.

[0067] In detail, when the widths of the pixels 230a and
230c are increased, widths of the organic light emitting layers
370a and 370c¢ corresponding to the respective pixels 230a
and 230c are increased. As a result, in order to increase
efficiency of light emitted and scattered from the organic light
emitting layers 370a and 370c¢, widths of the convex portion
of the high refractive organic film layer 301a and the concave
portion of the low refractive organic film layer 302a are
increased respectively.

[0068] Then, referring to FIG. 4, as the width of the pixel is
increased, the widths of the convex portion and the concave
portion corresponding thereto are increased. In order for the
widths of the convex portion and the concave portion corre-
sponding thereto to increase, an initial angle of the convex
portion and the concave portion corresponding thereto is
adjusted to be smaller, e.g., compared to convex and concave
portions in pixels having a smaller width. Similarly, as the
width of the pixel is decreased, the initial angle of the convex
portion and the concave portion corresponding thereto is
increased relatively to convex and concave portions in a pixel
having a larger width.

[0069] Next, athin film encapsulation structure of one pixel
of an organic light emitting diode display according to yet
another exemplary embodiment will be described with refer-
ence to FIGS. 5 and 6. FIG. S illustrates a diagram of a thin
film encapsulation structure of one pixel of an organic light
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emitting diode display according to yet another exemplary
embodiment, and FIG. 6 illustrates a diagram illustrating a
progress direction of light depending on the thin film encap-
sulation structure of the organic light emitting diode display.
[0070] As illustrated in FIG. 5, in a thin film encapsulation
structure of an organic light emitting diode display according
to yet another exemplary embodiment, a thin film transistor
substrate 100 including the organic light emitting layer 370,
the encapsulation layer 200, a high refractive organic film
layer 3015, a low refractive organic film layer 3025, a light
blocking member 220, and a color filter 230 are sequentially
laminated. In detail, the encapsulation layer 200 formed on
the thin film transistor substrate 100 including the organic
light emitting layer 370, the high refractive organic film layer
3015 formed on the encapsulation layer 200, the low refrac-
tive organic film layer 3025 formed on the high refractive
organic film layer 3015, the light blocking member 220
formed between respective pixels of red R, green G, and blue
B on the low refractive organic film layer 3024, and the color
filter 230 formed on the low refractive organic film layer 3024
and the light blocking member 220 are configured.

[0071] In addition, the high refractive organic film layer
3015 includes a convex portion which is convex toward the
color filter 230 according to a size of each pixel, and the low
refractive organic film layer 3025 includes a concave portion
corresponding to the convex portion. As illustrated in FIG. 5,
centers of the convex portion and the concave portion corre-
sponding thereto have flat shapes, e.g., as compared to the
exemplary embodiment of FIG. 1. That is, since strong light
is emitted from a center of an optical distribution by the
organic light emitting layer 370 of the organic light emitting
diode display, the centers of the convex portion and the con-
cave portion corresponding thereto of the organic film layers
3015 and 3025 have flat shapes in order to maximize light
emission from the center of the organic light emitting layer
370 and minimize light loss.

[0072] An area of the flat shape of the convex portion and
the concave portion corresponding thereto of the organic film
layers 3015 and 3025 may be formed by about 50 to 70% of
the entire area of the pixel. For example, a flat interface area
between the organic film layers 3015 and 30256 may be about
50% to about 70% of a top surface of the color filter 230.
[0073] The high refractive organic film layer 3015 and the
low refractive organic film layer 3025 improve light effi-
ciency of light generated from the organic light emitting layer
370. The high refractive organic film layer 3015 may include,
e.g., Ti0,, ZrO, and SiN, as a nano high refractive bead, and
the low refractive organic film layer 3026 may include, e.g,,
fluorine based material or air nano bead particles, but they are
not limited thereto.

[0074] Initial formation angles of the convex portion of the
high refractive organic film layer 3015 and the concave por-
tion of the low refractive organic film layer 3025 correspond-
ing thereto may have formation angles of about 10 degrees to
about 80 degrees according to a size of each pixel. Heights of
the convex portion of the high refractive organic film layer
3015 and the concave portion of the low refractive organic
film layer 3025 corresponding thereto may be about 1 um to
about 6 pm, and widths of the convex portion and the concave
portion may be about (-5) to about (+5) pm of a width of each
pixel according to a size of each pixel.

[0075] The combined thickness of the high refractive
organic film layer 3015 and the low refractive organic film
layer 3025 may be about 20 um or less. That s, as the thick-
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nesses of the organic film layers 3015 and 30256 are decreased,
a distance at which light of the organic light emitting layer
370is transmitted is decreased, and a region of light progress-
ing toward the light blocking member 220 is reduced. As a
result, light efficiency of the organic light emitting diode
display may be further improved.

[0076] A refractive index of the high refractive organic film
layer 3015 may have a range of about 1.7 to about 1.9, and a
refractive index of the low refractive organic film layer 3025
may have a range of about 1.2 to about 1.5.

[0077] The high refractive organic film layer 3015 and the
low refractive organic film layer 30256 may be configured in a
mono lens form, in which a pair of a convex portion and a
concave portion corresponding thereto of the organic film
layers 3015 and 3025 is formed in one pixel, or in a multi lens
form in which a plurality of convex portions and concave
portions corresponding thereto of the organic film layers
3015 and 3024 is formed in one pixel.

[0078] A structure of other layers other than the organic
film layers 3015 and 3025 of FIG. 6 may be applied in the
same way as illustrated in FIG. 1. Referring to FIG. 6, it is
noted that a plurality of pixels having the structure illustrated
in FIG. 5 may be combined to provide an organic light emit-
ting diode display having pixels of the red pixel 230q, the
green pixel 2306, and the blue pixel 230c.

[0079] Light emitted from each organic light emitting layer
370 of the red organic light emitting layer 370a, the green
organic light emitting layer 3705, and the blue organic light
emitting layer 370c¢ passes through the encapsulation layer
200, passes through the flat portion of a center formed at the
center of the convex portion of the high refractive organic film
layer 3016 and the concave portion of the low refractive
organic film layer 3025 corresponding thereto, and the light
scattered to both sides is concentrated at edges of the convex
portion and the concave portion corresponding thereto and
passes through the flat portion to be emitted through each
color filter 230 of the red pixel 2304, the green pixel 2305, and
the blue pixel 230¢ between the light blocking members 220.
While the light emitted and scattered from the organic light
emitting layer 370 is concentrated by the convex portion and
the concave portion corresponding thereto of the organic film
layers 3015 and 3025, the light blocked by the light blocking
member 220 is minimized to be emitted through the color filer
230. The strongest light emitted from the center of the organic
light emitting layer 370 is emitted from the flat portion of the
center of the organic film layers 3015 and 3025 without a loss,
thereby further improving light efficiency.

[0080] As thethicknesses of the high refractive organic film
layer 3015 and the low refractive organic film layer 3025 are
increased, a moving distance of the light is increased and thus
a region where the light is emitted is further increased. As a
result, to avoid decrease in light efficiency of the organic light
emitting diode display, the thicknesses of the high refractive
organic film layer 3015 and the low refractive organic film
layer 3025 may be about 20 pum or less.

[0081] When the widths of the respective pixels 230a,
230b, and 230c¢ are increased, the widths of the organic light
emitting layers 370a, 3705, and 370¢ corresponding to the
respective pixels 230a, 2305, and 230c¢ are increased. As a
result, in order to increase efficiency of light emitted and
scattered from the respective organic light emitting layers
370a, 3705, and 370c, widths of the convex portion of the
high refractive organic film layer 3015, the concave portion of
the low refractive organic film layer 3026 corresponding
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thereto, and a flat-shaped portion of the convex portion and
the concave portion corresponding thereto are increased
together.

[0082] As the width of the pixel is increased, the widths of
the convex portion, the concave portion corresponding to the
convex portion, and the flat portion positioned at the center of
the convex portion and the concave portion are increased. In
detail, in order to increase the widths of the convex portion,
the concave portion corresponding thereto, and the flat por-
tion in the convex portion, the initial angle of the convex
portion and the concave portion corresponding thereto is
adjusted to be smaller than that of the convex portion and the
concave portion in a pixel having a small width. Similarly, as
the width of the pixel is decreased, the initial angle of the
convex portion and the concave portion corresponding
thereto is adjusted to be larger than that of the convex portion
and the concave portion in a pixel having a large width.
[0083] Next, a method for preparing an organic light emit-
ting diode display according to an exemplary embodiment
will be described in detail with reference to FIGS. 7 to 10.
[0084] FIG. 7illustrates a process at which the light block-
ing member 220 is patterned on the color filter 230 in the
organic light emitting diode display according to the exem-
plary embodiment, FIG. 8 illustrates a process of bonding a
low refractive organic film layer 302 on the light blocking
member 220, FIG. 9 illustrates a process of bonding a high
refractive organic film layer 301 on the light blocking mem-
ber 220, and FIG. 10 illustrates a process of forming the thin
film transistor substrate 100 including the organic light emit-
ting layer 370 on the high refractive organic film layer 301.
[0085] First, referring to FIG. 7, as the process of forming
the light blocking member 220 on the color filter 230 of the
organic light emitting diode display, the light blocking mem-
ber 220 pattern is formed at every boundary between adjacent
ones of the respective pixels of the red pixel 2304, the green
pixel 2305, and the blue pixel 230¢ of the color filter 230. A
height of the light blocking member 220 1s patterned to be
about 1 to 5 pm.

[0086] Thelight blocking member 220 may also include an
organic film partition additionally laminated therebelow. This
is to ensure a sufficient height of the light blocking member
220 because the light blocking member 220 serves as a mold
when preparing the low refractive organic film layer 302.
[0087] Next, referring to FIG. 8, as a process of forming the
low refractive organic film layer 302 on the color filter 230, in
which the light blocking member 220 of the organic light
emitting diode display is patterned, a concave pattern is
formed by coating a curable resin on the color filter 230, in
which the light blocking member 220 is patterned, to form the
low refractive organic film layer 302 including a concave
portion having the concave pattern between the light blocking
members on the color filter 230. When forming the low
refractive organic film layer 302, the low refractive organic
film layer 302 including the concave portion having the con-
cave pattern between the light blocking members is formed
by using a leveling characteristic due to the light blocking
member 220 formed on the color filter 230.

[0088] Next, referring to FIG. 9, as a process of forming the
high refractive organic film layer 301 on the low refractive
organic film layer 302 formed in FIG. 8, the high refractive
organic film layer 301 including a convex portion correspond-
ing to the concave portion of the low refractive organic film
layer 302 adheres onto the low refractive organic film layer
302 by using an adhesive. Then, in the high refractive organic
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film layer 301, the convex portion corresponding to the con-
cave portion of the concave pattern formed in the low refrac-
tive organic film layer 302 described above may be formed.
The adhesive may be, e.g., a urethane acrylate resin, or 2-hy-
droxy ethyl acrylate.

[0089] Next, referring to FIG. 10, as a process of bonding
the thin film transistor substrate 100 including the organic
light emitting layer 370 on the high refractive organic film
layer 301 formed in FIG. 9, the thin film transistor substrate
100 is bonded on the high refractive organic film layer 301.
Then, the organic light emitting diode display is completed by
using a UV curing method.

[0090] According to the preparing method of the exem-
plary embodiment, since the light blocking member 220
serves as the mold, and thus a photo process needs to be
performed on the encapsulation layer 200, deterioration of
light efficiency and/or damage to the encapsulation layer 200
due to crystallization of the organic light emitting layer 370
may be prevented.

[0091] Inyetanotherexemplary embodiment,as illustrated
in FIGS. 11 to 15, the light blocking member 220 may be
formed toward the color filter 230 other than the organic film
layers 301 and 302. That is, the light blocking member 220
may protrude above an upper surface of the low refractive
organic film layer 302a. Further, other configurations, i.e.,
configurations discussed previously in reference to FIGS. 1 to
5, may be applied to the embodiment in FIGS. 11-15.
[0092] Next, the structure of the organic light emitting
diode display according to embodiments will be described
below with reference to FIGS. 16-19. FIG. 16 illustrates an
equivalent circuit diagram of the organic light emitting diode
display according to the exemplary embodiment, FIG. 17
illustrates a layout view of the organic light emitting diode
display according to an exemplary embodiment, and FIGS.
18 and 19 illustrate cross-sectional views of the organic light
emitting diode display of FIG. 17 taken along lines I1I-IIT and
IV-IV.

[0093] Referring to FIG. 16, the organic light emitting
diode display according to the exemplary embodiment
includes a plurality of signal lines 121, 171, and 172, and a
plurality of pixels PX connected thereto and arranged sub-
stantially in a matrix form.

[0094] The signal lines include a plurality of gate lines 121
transferring gate signals (or scanning signal), a plurality of
data lines 171 transferring data signals, and a plurality of
driving voltage lines 172 transferring driving voltages. The
gate lines 121 extend substantially in a row direction and are
substantially parallel to each other, and the data lines 171 and
the driving voltage lines 172 extend substantially in a column
direction and are substantially parallel to each other. Each
pixel PX includes a switching transistor s, a driving transis-
tor Qd, a storage capacitor Cst, and an organic light emitting
diode (OLED) LD.

[0095] The switching transistor Qs has a control terminal,
an input terminal, and an output terminal, and the control
terminal is connected to the gate line 121, the input terminal
is connected to the data line 171, and the output terminal is
connected to the driving transistor Qd. The switching transis-
tor Qs transfers a data signal applied to the data line 171 to the
driving transistor Qd in response to a scanning signal applied
to the gate line 121.

[0096] The driving transistor Qd also has a control termi-
nal, an input terminal, and an output terminal, and the control
terminal is connected to the switching transistor Qs, the input
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terminal is connected to the driving voltage line 172, and the
output terminal is connected to the organic light emitting
diode LD. The driving transistor Qd allows an output current
I; 5, of which a size varies according to a voltage applied
between the control terminal and the output terminal, to flow.
[0097] The capacitor Cst is connected between the control
terminal and the input terminal of the driving transistor Qd.
The capacitor Cst charges a data signal applied to the control
terminal of the driving transistor Qd and maintains the
charged data signal even after the switching transistor Qs is
turned off.

[0098] The organic light emitting diode LD has an anode
connected to the output terminal of the driving transistor Qd
and a cathode connected to a common voltage Vss. The
organic light emitting diode LD emits light by varying an
intensity according to the output current I, of the driving
transistor Qd to thereby display an image.

[0099] The switching transistor Qs and the driving transis-
tor Qd are n-channel field effect transistors (FETs). However,
at least one of the switching transistor Qs and the driving
transistor Qd may be a p-channel field effect transistor. Fur-
ther, a connection relationship of the transistors Qs and Qd,
the storage capacitor Cst, and the organic light emitting diode
LD may be changed.

[0100] Referring to FIGS. 17-19, a plurality of gate con-
ductors including the plurality of gate lines 121, including a
first control electrode 124a and a plurality of second control
electrodes 12454, is formed on an insulation substrate 110
made of transparent glass or plastic.

[0101] The gate lines 121 transfer gate signals and extend
mainly in a horizontal direction. Each gate line 121 includes
awide end portion 129 for connection with another layer or an
external driving circuit, and the first control electrode 124a
extends upward from the gate line 121. When a gate driving
circuit (not illustrated) generating a gate signal is integrated
on the substrate 110, the gate line 121 is extended to be
directly connected to the gate driving circuit.

[0102] The second control electrode 1245 includes a stor-
age electrode 127 which is separated from the gate line 121
and extends downwards, turns to the right for a moment, and
then elongates upwards.

[0103] The gate conductors 121 and 1245 may be made of
aluminum-based metal such as aluminum (Al) or an alumi-
num alloy, silver-based metal such as silver (Ag) or a silver
alloy, copper-based metal such as copper (Cu) or a copper
alloy, molybdenum-based metal such as molybdenum (Mo)
or a molybdenum alloy, chromium (Cr), tantalum (Ta), and
titanium (T1), and the like. However, the gate conductors 121
and 1245 may have a multilayered structure including two
conductive layers (not illustrated) having different physical
properties. One conductive layer thereof is made of metal
having low resistivity, for example, aluminum-based metal,
silver-based metal, copper-based metal, and the like, so as to
reduce signal delay or voltage drop. Unlike this, the other
conductive layer is made of other materials, particularly,
materials having excellent physical, chemical, electrical con-
tactcharacteristics such as indium tin oxide (ITO) and indium
zine oxide (IZ0), for example, molybdenum-based metal,
chromium, tantalum, and titanium. A proper example of such
a combination may include a chromium lower layer and an
aluminum (alloy) upper layer, and an aluminum (alloy) lower
layer and a molybdenum (alloy) upper layer. However, the
gate conductors 121 and 1245 may be made of various metals
or conductors in addition to the metals.



US 2015/0048333 Al

[0104] Sides of the gate conductors 121 and 1245 are tilted
to the surface of the substrate 110, and tilt angles thereof may
be about 30° to about 80°.

[0105] A gate insulating layer 140 made of silicon nitride
(SiN_) or silicon oxide (Si0,) is formed on the gate conduc-
tors 121 and 1245.

[0106] A plurality of first and second semiconductor
islands 154a and 1545 made of hydrogenated amorphous
silicon (herein, amorphous silicon is written as an acronym
a-Si) orpolysilicon is formed on the gate insulating layer 140.
The first and second semiconductors 154a and 1545 are posi-
tioned on the first and second control electrodes 124a and
124b, respectively.

[0107] A plurality of pairs of first ohmic contacts 163a and
1654 and a plurality of pairs of second ohmic contacts 1635
and 1656 are formed on the first and second semiconductors
154a and 1545, respectively. The ohmic contacts 163a, 1635,
165a, and 1655 may have island shapes, and be made of a
material such as n+hydrogenated amorphous silicon in which
an n-type impurity such as phosphorus is doped at a high
concentration or silicide. The first ohmic contacts 163a and
1654 make a pair to be disposed on the first semiconductor
154a, and the second ohmic contacts 1636 and 1655 also
make a pair to be disposed on the second semiconductor 1545,

[0108] A plurality of data conductors including a plurality
of data lines 171, a plurality of driving voltage lines 172, and
aplurality of firstand second output electrodes 175a and 1755
is formed on the ohmic contacts 163a, 1635, 1654, and 1656
and the gate insulating layer 140.

[0109] The data lines 171 transfer data signals and mainly
extend in a vertical direction to cross the gate lines 121. Each
data line 171 includes a plurality of first input electrodes 1734
which extends toward the first control electrode 124a, and a
wide end portion 179 for connection with another layer or an
external driving circuit. When a data driving circuit (not illus-
trated) generating a data signal is integrated on the substrate
110, the data line 171 is extended to be directly connected to
the data driving circuit.

[0110] The driving voltage lines 172 transfer driving volt-
ages and mainly extend in a vertical direction to cross the gate
lines 121. Each driving voltage line 172 includes a plurality of
second input electrodes 1735 which extends toward the sec-
ond control electrode 1245. The driving voltage line 172 is
overlapped with the storage electrode 127 to be connected to
the driving voltage line 172.

[0111] The first and second output electrodes 175¢ and
175b are separated from each other and separated from the
data line 171 and the driving voltage line 172. The first input
electrode 173a and the first output electrode 1754 face each
other based on the first control electrode 124, and the second
input electrode 1735 and the second output electrode 1755
face each other based on the second control electrode 1244.

[0112] The data conductors 171, 172, 1754, and 175b may
be made of refractory metal such as molybdenum, chromium,
tantalum, and titanium or an alloy thereof, and may have a
multilayered structure including a refractory metal layer (not
illustrated) and a low resistive conductive layer (not illus-
trated). An example of the multilayered structure may include
a double layer including a chromium or molybdenum (alloy)
lower layer and an aluminum (alloy) upper layer, and a triple
layer including a molybdenum (alloy) lower layer, an alumi-
num (alloy) intermediate layer, and a molybdenum (alloy)
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upper layer. However, the data conductors 171, 172, 1754,
and 17556 may be made of various metals or conductors in
addition to the metals.

[0113] Like the gate conductors 121 and 1245, sides of the
data conductors 171,172, 1754, and 1755 are also tilted to the
surface of the substrate 110, and tilt angles thereof may be
about 30° to about 80°.

[0114] The ohmic contacts 163a, 1635, 165a, and 1655
exist only between the semiconductors 154a and 1544 ther-
ebelow and the data conductors 171, 172, 175a, and 1756
thereabove, and lower contact resistance. An exposed portion
which is not covered by the data conductors 171, 172, 1754,
and 1755 in addition to a space between the input electrodes
173a and 1735 and the output electrodes 175¢ and 17556 is
disposed in the semiconductors 154a and 1545.

[0115] On the data conductors 171, 172, 1754, and 1756
and the exposed portion of the semiconductors 154a and
1545, a passivation layer 180 is formed. The passivation layer
180 is made of an inorganic insulator such as silicon nitride or
silicon oxide, an organic insulator, a low-dielectric insulator,
and the like. Dielectric constants of the organic insulator and
the low-dielectric insulator may be 4.0 or less, and an
example of the low-dielectric insulator may include a-Si:C:O,
a-Si:O:F, and the like formed by plasma enhanced chemical
vapor deposition (PECVD). The passivation layer 180 may be
made of an organic insulator having photosensitivity, and the
surface of the passivation layer 180 may be flat. However, the
passivation layer 180 may have a double-layered structure of
alower inorganic layer and an upper organic layer so as not to
damage the exposed portion of the semiconductors 154a and
1545 while maintaining an excellent insulating characteristic
of the organic layer.

[0116] A plurality of contact holes 182, 1854, and 1856
exposing the end portion 179 of the data line 171 and the first
and second output electrodes 175a and 1755 is formed in the
passivation layer 180, and a plurality of contact holes 181 and
184 exposing the end portion 129 of the gate line 121 and the
second control electrode 1245 is formed in the passivation
layer 180 and the gate insulating layer 140.

[0117] A plurality of pixel electrodes 191, a plurality of
connecting members 85, and a plurality of contact assistants
81 and 82 are formed on the passivation layer 180. The
plurality of pixel electrodes 191. the plurality of connecting
members 85, and the plurality of contact assistants 81 and 82
are made of a transparent conductive material such as ITO or
170, or reflective metal such as aluminum, silver, or an alloy
thereof.

[0118] The pixel electrode 191 is physically and electri-
cally connected to the second output electrode 1755 through
the contact hole 1855, and the connecting members 85 con-
nected to the second control electrode 1245 and the first
output electrode 1754 through the contact holes 184 and
185a.

[0119] The contact assistants 81 and 82 are connected with
the end portion 129 of the gate line 121 and the end portion
179 of the data line 171 through the contact holes 181 and
182, respectively. The contact assistants 81 and 82 compen-
sate for adhesion between the end portion 129 of the gate line
121 and the end portion 179 of the data line 171 and an
external device and protect the end portion 129 of the gate line
121 and the end portion 179 of the data line 171 and the
external device.

[0120] A partition 361 is formed on the passivation layer
180. The partition 361 defines an opening 365 by surrounding
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an edge periphery of the pixel electrode 191 like a bank and
may be made ofan organic insulator or an inorganic insulator.
The partition 361 may also be made of a photoresist including
ablack pigment, and in this case, the partition 361 serves as a
light blocking member, and a forming process thereof is
simple.

[0121] The organic light emitting member 370 is formed in
the opening 365 on the pixel electrode 191 defined by the
partition 361. The organic light emitting member 370 is made
of an organic material which uniquely expresses any one of
the primary colors such as three primary colors of red, green
and blue. The organic light emitting diode display displays a
desired image by spatial combination of the primary colored
light expressed by the organic light emitting members 370.
[0122] The organic light emitting member 370 may have a
multilayered structure including auxiliary layers (not illus-
trated) for improving light emission efficiency of an emitting
layer in addition to the emitting layer (not illustrated) emit-
ting light. In the auxiliary layers, an electron transport layer
(not illustrated) and a hole transport layer (not illustrated) for
adjusting a balance of electrons and holes, and an electron
injecting layer (not illustrated) and a hole injecting layer (not
illustrated) for reinforcing injection of the electrons and the
holes are included.

[0123] A common electrode 270 is formed on the organic
light emitting member 370. The common electrode 270
receives a common voltage Vss and may be made of reflective
metal including calcium (Ca), barium (Ba), magnesium
(Mg), aluminum, silver, and the like, or a transparent conduc-
tive material such as ITO or 1Z0.

[0124] In such an organic light emitting diode display, the
first control electrode 124a connected to the gate line 121, and
the first input electrode 173a and the first output electrode
175a connected to the data line 171 form a switching TFT Qs
together with the first semiconductor 1544, and a channel of
the switching TFT Qs is formed in the first semiconductor
154a between the first input electrode 173a¢ and the first
output electrode 175a. The second control electrode 1245
connected to the first output electrode 1754, the second input
electrode 1735 connected to the driving voltage line 172, and
the second output electrode 1755 connected to the pixel elec-
trode 191 form a driving TFT Qd together with the second
semiconductor 1545, and a channel of the driving TFT Qd is
formed in the second semiconductor 1545 between the sec-
ond input electrode 1735 and the second output electrode
175b. The pixel electrode 191, the organic light emitting
member 370, and the common electrode 270 form the organic
light emitting diode LD, and the pixel electrode 191 is an
anode and the common e¢lectrode 270 is a cathode, or
reversely, the pixel electrode 191 is a cathode and the com-
mon electrode 270 is an anode. The storage electrode 127 and
the driving voltage line 172 which are overlapped with each
other may form a storage capacitor Cst.

[0125] Such an organic light emitting diode display emits
light upward or downward from the substrate 110 to display
an image. An opaque pixel electrode 191 and a transparent
common electrode 270 are applied to a top emission type
organic light emitting diode display which displays an image
in an upper direction of the substrate 110, and a transparent
pixel electrode 191 and an opaque common electrode 270 are
applied to a bottom emission type organic light emitting diode
display which displays an image in a lower direction of the
substrate 110.

[0126] Meanwhile, when the semiconductors 154a and
154b are polysilion, an intrinsic region (not illustrated) facing
the control electrodes 124a and 1245 and an extrinsic region
(not illustrated) positioned at both sides are included. The
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extrinsic region is electrically connected to the input elec-
trodes 173a and 1735 and the output electrodes 175a and
1755, and the ohmic contacts 163a, 1635, 165a, and 1656
may be omitted.

[0127] Further, the control electrodes 124a and 1245 may
be disposed on the semiconductors 154a and 1544, and even
in this case, the gate insulating layer 140 is positioned
between the semiconductors 154a and 1545 and the control
electrodes 124a and 1245. In this case, the data conductors
171,172,173b,and 1755 are positioned on the gate insulating
layer 140, and may be electrically connected with the semi-
conductors 154a and 1544 through a contact hole (not illus-
trated) penetrated in the gate insulating layer 140. Unlike this,
the data conductors 171, 172, 1735, and 1755 are positioned
below the semiconductors 154a and 154b to electrically con-
tact the semiconductors 1544 and 1545 thereon.

EXAMPLES

Example 1

[0128] Anexample of measurement oflight efficiency of an
organic light emitting diode display including an organic film
layer with a convex portion according to an embodiment.
[0129] In order to measure light efficiency according to an
exemplary embodiment, a conventional organic light emit-
ting diode display, i.e., an organic light emitting diode display
without the high refractive organic film layer 301 and the low
refractive organic film layer 302, and an organic light emit-
ting diode display according to an exemplary embodiment,
were compared. The comparison result is illustrated in the
following Table 1.

TABLE 1
Classification Comparative Example Exemplary Embodiment
Side efficiency 100.0% 107.2%
Total efficiency 100.0% 106.9%
Example 2

[0130] Measurement of light efficiency of an organic light
emitting diode display including an organic film layer with a
convex portion and a flat portion at a center of the convex
portion according to an embodiment.

[0131] In order to measure light efficiency according to an
exemplary embodiment, a conventional organic light emit-
ting diode display, i.e., an organic light emitting diode display
without the high refractive organic film layer 301 and the low
refractive organic film layer 302, and an organic light emit-
ting diode display according to an exemplary embodiment,
were compared. The comparison result is illustrated in the
following Table 2.

TABLE 2

Classification Comparative Example exemplary embodiment

100.0%
100.0%

112.5%
109.1%

Side efficiency
Total efficiency

[0132] As can be seen in Tables 1 and 2, the organic light
emitting diode display according to the exemplary embodi-
ment has excellent light efficiency as compared with the
conventional organic light emitting diode display.

[0133] As described above, in the organic light emitting
diode display according to the exemplary embodiment, high
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and low refractive organic film lenses are disposed in a thin
film structure. As a result, an emission ratio of light, which
may be potentially lost due to total reflection of an organic
light emitting material, is enhanced without a polarizer to
increase light efficiency and to prevent a side color change.
[0134] By way of summary and review, in a conventional
organic light emitting diode display, a structure for control-
ling external light reflection without a polarizer and enhanc-
ing light efficiency of the organic light emitting layer is used
by applying a color filter directly to an upper surface of an
encapsulation layer of an organic light emitting panel. How-
ever, in such a structure, light loss of the organic light emitting
diode display may occur due to a light blocking member, i.e.,
a black matrix.

[0135] In contrast, exemplary embodiments provide an
organic light emitting diode display and a method for prepar-
ing the same that improve light efficiency by positioning an
organic film lens between the color filter and the upper sur-
face of the encapsulation layer of the organic light emitting
panel, instead of a polarizer. That is, in the organic light
emitting diode display according to the exemplary embodi-
ment, a high refractive organic film layer and a low refractive
organic film layer are sequentially formed in a thin film struc-
ture, and as a result, an emission ratio of light which may be
lostdue to total reflection of an organic light emitting material
is enhanced without a polarizer to increase light efficiency
and prevent a side color change.

[0136] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims.

What is claimed is:

1. An organic light emitting diode display, comprising:

an organic light emitting panel;

a high refractive organic film layer on the organic light
emitting panel, the high refractive organic film layer
including a convex portion having a convex shape with
respect to the organic light emitting panel,

a low refractive organic film layer on the high refractive
organic film, the low refractive organic film layer includ-
ing a concave portion corresponding to the convex por-
tion of the high refractive organic film layer;

a color filter on the low refractive organic film layer; and

alight blocking member having an opening corresponding
to the color filter.

2. The organic light emitting diode display as claimed in

claim 1, wherein the organic light emitting panel includes:

a thin film transistor substrate with an organic light emit-
ting layer; and

an encapsulation layer on the thin film transistor substrate.

3. The organic light emitting diode display as claimed in

claim 2, wherein a thickness of the encapsulation layer is
about 1 um to about 10 pm.

4. The organic light emitting diode display as claimed in

claim 3, wherein the high refractive organic film layer
includes one or more of TiO,, ZrO,_ and SiN, as nano high
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refractive beada, and the low refractive organic film layer
includes a fluorine based material or air nano bead particles.

5. The organic light emitting diode display as claimed in
claim 3, wherein an initial formation angle of the convex
portion of the high refractive organic film layer and the con-
cave portion of the low refractive organic film layer is about
10° to about 80° according to a size of each pixel.

6. The organic light emitting diode display as claimed in
claim 5, wherein heights of the convex portion and the con-
cave portion are in a range of about 1 um to about 6 um.

7. The organic light emitting diode display as claimed in
claim 5, wherein widths of the convex portion and the con-
cave portion are about (=5) pum to about (+5) pm with respect
to a width of each pixel according to widths of the red, green,
and blue pixels.

8. The organic light emitting diode display as claimed in
claim 5, wherein a combined thickness of the high and low
refractive organic film layers is about 5 um to about 20 pm.

9. The organic light emitting diode display as claimed in
claim 5, wherein a refractive index of the high refractive
organic film layer has a range of about 1.7 to about 1.9, and a
refractive index of the low refractive organic film layer has a
range of about 1.2 to about 1.5.

10. The organic light emitting diode display as claimed in
claim 5, wherein the high refractive organic film layer and the
low refractive organic film layer are configured in a mono lens
structure or a multi lens structure.

11. The organic light emitting diode display as claimed in
claim 3, wherein a thickness of the light blocking member is
about 1 um to about 5 pm.

12. The organic light emitting diode display as claimed in
claim 11, wherein a linear distance between the light blocking
member and the organic light emitting layer is about 2 um to
about 6 pm.

13. The organic light emitting diode display as claimed in
claim 11, wherein a thickness of the color filter is about 1 pm
to about 5 pM.

14. The organic light emitting diode display as claimed in
claim 1, further comprising an adhesive layer between the
encapsulation layer and the high refractive organic film layer
or between the low refractive organic film layer film layer and
the color filter.

15. The organic light emitting diode display as claimed in
claim 14, wherein a thickness of the adhesive layer is about 5
um to about 50 um.

16. The organic light emitting diode display as claimed in
claim 1, wherein a center portion of an upper surface of the
convex portion of the high refractive organic film layer is flat,
and a center portion of a lower surface of the concave portion
of the low refractive organic film layer is flat.

17. The organic light emitting diode display as claimed in
claim 16, wherein the flat portions are about 50% to about
70% of an entire area of each pixel.

18. A method for preparing an organic light emitting diode
display, the method comprising:

forming a light blocking member t a boundary between

respective pixels of red, green, and blue pixels of a color
filter formed on a substrate;

forming a low refractive organic film layer including a

concave portion having a concave pattern between the
light blocking members on the color filter with the light
blocking member;

adhering a high refractive organic film layer including a

convex portion corresponding to the concave portion on
the low refractive organic film layer by using an adhe-
sive; and
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bonding a thin film transistor substrate including an
organic light emitting layer on the high refractive
organic film layer.

19. The method for preparing an organic light emitting
diode display as claimed in claim 18, wherein the light block-
ing member is formed to have a height of about 1 um to about
5 pm.

20. The method for preparing an organic light emitting
diode display of claim 18, wherein the adhesive is formed of
urethane acrylate resin or 2-hydroxy ethyl acrylate.

21. The method for preparing an organic light emitting
diode display as claimed in claim 18, wherein bonding of the
thin film transistor substrate includes a UV curing method.
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patsnap

An organic light emitting diode display includes an organic
light emitting panel, a high refractive organic film layeronthe
organic [ight emitting panel, the high refractive organic film
layer including a convex portion having a convex shape with
tespect o the organic light emitting panel, a low refractive
organic film layer on the high refractive organic film, the low
refractive organic film layer including a concave portion cor-
responding to the convex portion of the high refractive
organic film layer, a color filter on the Jow refractive organic
film layer, and a light blocking member having an opening

corresponding to the color filter.
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