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(57) ABSTRACT

A display substrate includes an organic light emitting diode
disposed in a light-emitting area on a base substrate, a
reflection electrode disposed in a reflection area on the base
substrate, a transparent electrode disposed on the reflection
electrode, and a reflection control layer disposed between
the reflection electrode and the transparent electrode, and
configured to control a reflectivity based on driving signals
applied to the reflection electrode and the transparent elec-
trode.

RA




Patent Application Publication  Aug. 2,2018 Sheet 1 of 14 US 2018/0219171 A1

FIG. 1

EA

RA




Patent Application Publication  Aug. 2,2018 Sheet 2 of 14 US 2018/0219171 A1

FIG. 2A

T RE } el

OLED PCL
E EA ! RA |
| p |
<ROM OFF>
FIG. 2B

RCM
sy RE }
OLED PCL‘

L

EA RA

P

<RCM ON>



US 2018/0219171 A1

001§

Aug. 2,2018 Sheet 3 of 14

WOH *

w

Patent Application Publication

cdl

bdl

180

223220 29 ted 2b3 k2h 139 L3 2aLS LALS

( [ ([ ] | | o
\ NI ~ 4o
] i 051
] | N | _.IIIHL
._on; F A = r H”mevome
4+ 09l
HA
7 — \ \ N(owr
/@\\ — ( [\ ]
103~ { d 1B 1
2d0 Ld ERD [
W~k
104 —
m:)w/ ~
w
L 002
vy ‘E |
ooof\\\\ & 9l



US 2018/0219171 A1

ZHl 14l 1890
223 z2L 239 123 213 2L 139 113 23S Lals

ﬁ ( [ [/ [ ([ | || ot
Z VA NUEEY Lt
b= \ tton
3 % w N , — : \" \./\ww _v\
[-5) | B ] j I | rlJlL .
= n_on_%@ 7 T ———7 1 \/\_m_.vomF
7 71| 2G|

| I I I 1 7

&
2 oo
e HA
an
-1
-

vd

v 914

Patent Application Publication

vd



cdl ReA

159

~

||

223 22l 23 123 Z13 2k 139 L3 2alS 1als

US 2018/0219171 A1

ﬁ«\\ L( [

il
[

U K7 ]
.*on_.ﬁ Ilv ] |

Aug. 2,2018 Sheet 5 of 14

———t

03— EY

¢d0

vd

Patent Application Publication

G "9old

vd



p—
-«
p—
=
[
S 2ul 4L 159
& 223 2zL 2 123 213 Izgk 139 11 23S LALS
S ( ([ / || N || 1oL
. L NI =
- - L : \omﬂvo:
X _I...___ 1] I = ] m \. H”O#r
m 10d \ v T =15 rvom L
= 2 m | s o ] _ =
=]
E 4091
Z HA .
= \ \ /7 F———— \\ 031
: 031 ) x § mﬁ& JM mNo \ \\
gb 001+ 2do bdO % A—103
z ER
Y —~E i
_zuidm ~P DN |
| 3L —E |
| vy V3

9 "9l

Patent Application Publication



US 2018/0219171 A1

Aug. 2,2018 Sheet 7 of 14

Patent Application Publication

Y0014

P

Ay

o

cdl

<11

180

cz3 zzl 239 123 Z13 Lgk 139 113 23LS Lals

ﬁ (( [/ [ L o
VEWERNE Y i fhon
S i ] i1
0d / v == ==L3Hog1
/ il i - I I ~—cGl
091~ " 1—o091
13— 1 5 : v 7 & 1/02
: o 5
03I~} ) )/ D! JP £ \
2d0 10— A—103
I —E
04 —~p |
31—~ >
ﬂ\v
1 ooz
m Ve va |
Y0001 —

L 914



Patent Application Publication  Aug. 2,2018 Sheet 8 of 14 US 2018/0219171 A1

o
Q
o
>
S
=
<L
[a
o0 @ T
8f
=
<
S < =
T S
L |
o
) )
{ Z t
1
a
e
|
o
QW
Lo
i i

300 1+



Patent Application Publication  Aug. 2,2018 Sheet 9 of 14 US 2018/0219171 A1

FIG. 9

DATA  SHT 500

510 530
() 1 2 § ()
511 14 SAMPLE LATCH LIGHT SENSOR  ktA—~531
511d ¥ ¥ 531s
513 LINE LATCH SENSING AMPLIFIERM—T~533
513d £ A 533s
515 | i DATA SIGNAL SENSING SIGNAL | | L 535
CONVERTOR | CONVERTOR
5150 A J 08
CONTROL
517  DATA OUTPUT PART OUTPUTTING  |=—T537
PART

| 4
517d 1 1 537s




Patent Application Publication  Aug. 2,2018 Sheet 10 of 14  US 2018/0219171 A1l

200

100C
\

—— EA2
—— RA2

A
P2
2
DA2

10

FIG.

1 OiOC
— EA1
—— RAT1

500
(

o
-

300 -



US 2018/0219171 A1

Aug. 2,2018 Sheet 11 of 14

Patent Application Publication

s_omﬁ

cva

Lvd

2001

10d + 4370

70d + 43710

< R
T1L4+710d

4

dldldlE iR v

00¢

vy

AL

VY

A E



Patent Application Publication  Aug. 2,2018 Sheet 12 of 14  US 2018/0219171 A1l

O
8 8
L™
o
8\/‘
QA _—
—
. ®
<€ <€
&> W oo
— <L
L 2 2 a
C} D"\/"
S
o™ ] )
2 { 2 1
I
P
8
rs) — 3
| '
}
S {
S
< o
S
1)



Patent Application Publication  Aug. 2,2018 Sheet 13 of 14  US 2018/0219171 A1l

o
O
™\
Ay
L
(o]
OVA
=
<t
o
o _—
——
o, o=
<1
— 3 =
L '
D_\,../‘ 3
e S !
S
— 1
< jan}
vﬂv”‘"‘
3 L~
<t
S
S
re)
f )

300 11



Patent Application Publication  Aug. 2,2018 Sheet 14 of 14  US 2018/0219171 A1l

FIG. 14

LIGHT

Vi
| (TEMP, LUX)

QLT

—

Vit

o]




US 2018/0219171 Al

DISPLAY SUBSTRATE AND DISPLAY
APPARATUS HAVING THE DISPLAY
SUBSTRATE

[0001] This application claims priority from and the ben-
efit of Korean Patent Application No. 10-2017-0014068
filed on Jan. 31, 2017, which is hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] Exemplary embodiments of the inventive concept
relate to a display substrate and a display apparatus having
the display substrate. More particularly, exemplary embodi-
ments of the inventive concept relate to a display substrate
for decreasing a thickness and a display apparatus having the
display substrate.

2. Description of the Related Art

[0003] A flat panel display (FPD) device is widely used as
a display device of an electronic device because the FPD
device is lightweight and thin compared to a cathode-ray
tube (CRT) display device. Typical examples of the FPD
device are a liquid crystal display (LCD) device and an
organic light emitting display (OLED) device. Compared to
the LCD device, the OLED device has many advantages
such as a higher luminance and a wider viewing angle. In
addition, the OLED device can be made thinner because the
OLED device does not require a backlight. In the OLED
device, electrons and holes are injected into an organic thin
layer through a cathode and an anode, and then recombined
in the organic thin layer to generate excitons, thereby a light
of a certain wavelength can be emitted.

[0004] Recently, a transparent display device capable of
transmitting an image of an object or target that is located in
the rear or at the back of the display device by including a
transparent region and a pixel region has been developed.

BRIEF SUMMARY OF THE INVENTION

[0005] Exemplary embodiments of the inventive concept
provide a display substrate having a layer-structure for
decreasing a size.

[0006] Exemplary embodiments of the inventive concept
provide a display apparatus having the display substrate.
[0007] According to an exemplary embodiment of the
inventive concept. there is provided a display substrate. The
display substrate includes an organic light emitting diode
disposed in a light-emitting area on a base substrate, a
reflection electrode disposed in a reflection area on the base
substrate, a transparent electrode disposed on the reflection
electrode, and a reflection control layer disposed between
the reflection electrode and the transparent electrode, and
configured to control a reflectivity based on driving signals
applied to the reflection electrode and the transparent elec-
trode.

[0008] Inan exemplary embodiment, the display substrate
may further include a pixel circuit part disposed under the
reflection electrode in the reflection area configured to drive
the organic light emitting diode.

[0009] In an exemplary embodiment, the display substrate
may further include an encapsulation layer disposed on the
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organic light emitting diode in the light-emitting area and the
reflection area, wherein the reflection electrode is disposed
on the encapsulation layer.

[0010] In an exemplary embodiment, the display substrate
may further include a planarization layer comprising a
via-hole through which a first electrode of the organic light
emitting diode is connected to the pixel circuit part, and a
pixel defining layer comprising a first opening formed in the
light-emitting area corresponding to the first electrode of the
organic light emitting diode and a second opening formed in
the reflection area.

[0011] In an exemplary embodiment, the pixel defining
layer may include a light shielding material.

[0012] In an exemplary embodiment, a light-emitting
layer and a second electrode of the organic light emitting
diode may be stacked in the first opening of the light-
emitting area, and the second electrode of the organic light
emitting diode is disposed in the second opening of the
reflection area.

[0013] In an exemplary embodiment, a light-emitting
layer and a second electrode of the organic light emitting
diode may be stacked in the first opening of the light-
emitting area and the second opening of the reflection area,
respectively.

[0014] According to an exemplary embodiment of the
inventive concept, there is provided a display apparatus. The
display apparatus includes a display panel comprising a
display area in which a plurality of pixels is arranged and a
peripheral area surrounding the display area, each of the
plurality of pixels comprising a light-emitting area in which
an organic light emitting diode is disposed and a reflection
area in which a reflection electrode, a transparent electrode
and a reflection control layer between the reflection elec-
trode and the transparent electrode are disposed, and a data
driver circuit configured output a data signal to drive the
organic light emitting diode and driving signals to drive the
reflection electrode and the transparent electrode based on
an intensity of an incident light.

[0015] In an exemplary embodiment, the display panel
may further include a pixel circuit part disposed under the
reflection electrode configured to drive the organic light
emitting diode.

[0016] In an exemplary embodiment, the display panel
may further include an encapsulation layer disposed in the
light-emitting area in which the organic light emitting diode
is disposed and the reflection area, wherein the reflection
electrode is disposed on the encapsulation layer in the
reflection area.

[0017] In an exemplary embodiment, the display panel
may further include a planarization layer comprising a
via-hole through which a first electrode of the organic light
emitting diode is connected to the pixel circuit part, and a
pixel defining layer comprising a first opening formed on the
light-emitting area corresponding to the first electrode of the
organic light emitting diode and a second opening formed on
the reflection area.

[0018] In an exemplary embodiment, a light-emitting
layer and a second electrode of the organic light emitting
diode may be stacked in the first opening of the light-
emitting area and at least one of the light-emitting layer and
the second electrode of the organic light emitting diode is
disposed in the second opening of the reflection area.
[0019] In an exemplary embodiment, the pixel defining
layer may include a light shielding material.
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[0020] Inanexemplary embodiment, the reflection control
layer and the transparent electrode are selectively disposed
in a partial area of the display area.

[0021] Inanexemplary embodiment, when the intensity of
the incident light is normal, the data driver circuit is con-
figured to provide the reflection electrode and the transpar-
ent electrode with a first driving signal and a second driving
signal equal to the first driving signal, respectively, and
when the intensity of the incident light is abnormal, the data
driver circuit is configured to provide the reflection electrode
and the transparent electrode with a first driving signal and
a second driving signal different from the first driving signal,
respectively.

[0022] In an exemplary embodiment, the data driver cir-
cuit may include a data driving part configured to output the
data signal, a light-sensing part configured to sense the
incident light and output a sensing signal, and a control
output part configured to output the first and second driving
signals based on the sensing signal.

[0023] In an exemplary embodiment, the data driver cir-
cuit may be disposed in the peripheral area of the display
panel.

[0024] In an exemplary embodiment, the data driver cir-
cuit may be disposed on a flexible circuit board, wherein an
end portion of the flexible circuit board may be disposed on
the peripheral area of the display panel.

[0025] In an exemplary embodiment, the display panel
may further include a plurality of light-sensing elements
arranged in the peripheral area and configured to sense a
light to output a sensing signal.

[0026] In an exemplary embodiment, the data driver cir-
cuit comprises a data driving part configured to output the
data signal and a control output part configured to output the
first and second driving signals based on the sensing signal.
[0027] According to the inventive concept, the reflection
electrode for the mirror may be used as the driving electrode
of the reflection control member and thus, a thickness of the
display apparatus may decrease. The data circuit part out-
putting the data signal applied to the pixel and the sensor
circuit part outputting the driving signals applied to the
reflection control member may be formed as single chip
using a TSV (Through Silicon Via) technology and thus a
thickness of the data driver circuit may decrease.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The above and other features and advantages of the
inventive concept will become more apparent by describing
in detailed exemplary embodiments thereof with reference
to the accompanying drawings, in which:

[0029] FIG. 1 is a plan view illustrating a pixel part of a
display apparatus according to an exemplary embodiment;
[0030] FIGS. 2A and 2B are conceptual diagrams illus-
trating a method of driving the display apparatus shown in
FIG. 1;

[0031] FIG. 3 is a cross-sectional view illustrating a dis-
play apparatus according to an exemplary embodiment;
[0032] FIGS. 4, 5, and 6 are cross-sectional views illus-
trating a method of manufacturing a display substrate
according to an exemplary embodiment;

[0033] FIG. 7 is a cross-sectional view illustrating a dis-
play apparatus according to an exemplary embodiment;
[0034] FIG. 8 is a cross-sectional view illustrating a dis-
play apparatus according to an exemplary embodiment;
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[0035] FIG. 9 is a block diagram illustrating a data driver
circuit according to an exemplary embodiment;

[0036] FIG. 10 is a plain view illustrating a display
apparatus according to an exemplary embodiment;

[0037] FIG. 11 is a cross-sectional view illustrating the
display apparatus shown in FIG. 10;

[0038] FIG. 12 is a cross-sectional view illustrating a
display apparatus according to an exemplary embodiment;
[0039] FIG. 13 is a cross-sectional view illustrating a
display apparatus according to an exemplary embodiment;
and

[0040] FIG. 14 is a conceptual diagram illustrating a
light-sensing part shown in FIG. 13.

DETAILED DESCRIPTION OF THE
INVENTION

[0041] Hereinafter, the inventive concept will be
explained in detail with reference to the accompanying
drawings.

[0042] FIG. 1 is a plan view illustrating a pixel part of a
display apparatus according to an exemplary embodiment.
FIGS. 2A and 2B are conceptual diagrams illustrating a
method of driving the display apparatus shown in FIG. 1.
[0043] Referring to FIG. 1, the display apparatus may
include a plurality of pixel parts PA. Each of the plurality of
pixel parts PA may include a light-emitting area EA and a
reflection area RA.

[0044] An organic light emitting diode which emits a light
is disposed in the light-emitting area EA. The light-emitting
area EA may emit a red light, a green light, a blue light or
a white light. The light-emitting area EA illustrated in FIG.
1 may be planar having a substantially square shape (or a
substantially rectangular shape), but the present disclosure is
not limited thereto. For example, the light-emitting area may
be planar having a substantially triangle shape, a substan-
tially diamond shape, a substantially polygonal shape, a
substantially circular shape, a substantially track shape, or a
substantially elliptical shape.

[0045] A reflection electrode which reflects an incident
light from an external source is disposed in the reflection
area RA. A pixel circuit part which drives the organic light
emitting diode is disposed in the reflection area RA. The
pixel circuit part may include a scan line, data line, a power
source voltage line, at least one transistor and at least one
capacitor. In addition, a reflection control member which
controls a reflectivity of an incident light reflected from the
reflection electrode based on driving signals applied to the
reflection electrode may be disposed in the reflection area
RA.

[0046] The reflection area RA illustrated in FIG. 1 may be
planar having a substantially square shape (or a substantially
rectangular shape), but the present disclosure is not limited
thereto. For example, the reflection area may be planar
having a substantially triangle shape, a substantially dia-
mond shape, a substantially polygonal shape, a substantially
circular shape, a substantially track shape, or a substantially
elliptical shape.

[0047] Referring to FIGS. 2A and 2B, the organic light
emitting diode OLED may be disposed in the light-emitting
area EA. The light-emitting area EA may emit the light
generated from the organic light emitting diode OLED.
[0048] The reflection control member RCM may be dis-
posed in the reflection area RA. The reflection control
member RCM may include a reflection electrode RE which
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reflects the incident light. The reflection control member
RCM may control an intensity of the incident light reflected
from the reflection electrode RE.

[0049] As shown in FIG. 2A, when the reflection control
member RCM is tumed off] the reflection control member
RCM may drive with a transparent mode in which the
incident light is mostly transmitted through the reflection
control member RCM and then, the incident light is mostly
reflected from the reflection electrode RE. Therefore, the
reflection area RA may reflect most of the incident light
through the reflection control member RCM with the trans-
parent mode.

[0050] However, as shown in FIG. 2B, when the reflection
control member RCM 1is turned on, the reflection control
member RCM may drive with an translucent mode in which
the incident light is partially transmitted through the reflec-
tion control member RCM and then the transmitted incident
light is reflected from the reflection electrode RE. Therefore,
the reflection area RA may reflect a portion of the incident
light through the reflection control member RCM with the
translucent mode.

[0051] Therefore, the reflectivity of the reflected light
generated from the reflection area RA may be controlled by
turning on or off the reflection control member RCM.

[0052] For example, in a room mirror display for a car
used the display apparatus according to the exemplary
embodiment, when an intensity of an incident light into the
room mirror display is large, the reflection control member
RCM is turned on to drive with the translucent mode and
thus, a display quality of an image displayed on the room
mirror display may be improved.

[0053] FIG. 3 is a cross-sectional view illustrating a dis-
play apparatus according to an exemplary embodiment.

[0054] Referring to FIGS. 1 and 3, the display apparatus
1000 may include a display substrate 100 and an opposing
substrate 200.

[0055] The display substrate 100 may include a first base
substrate 101, a buffer layer 110, a pixel circuit part PCL, a
planarization layer 160, a pixel electrode PE, a pixel defin-
ing layer 180, a light-emitting layer EL, a common electrode
CE, an encapsulation layer ECL and reflection control
member RCM.

[0056] The first base substrate 101 may be formed of
transparent materials. For example, the first base substrate
101 may include a quartz substrate, a synthetic quartz
substrate, a calcium fluoride substrate, a fluoride-doping
quartz substrate, a sodalime substrate, a non-alkali substrate
etc. Alternatively, the first base substrate 101 may be formed
of a flexible transparent material such as a flexible trans-
parent resin substrate. For example, the flexible transparent
resin substrate may include a first polyimide layer, a barrier
film layer, a second polyimide layer, etc.

[0057] The buffer layer 110 may be disposed on the first
base substrate 101. The buffer layer 110 may prevent metal
atoms and/or impurities from being diffused to the first base
substrate 101. Additionally, the buffer layer 110 may
improve a surface flatness of the substrate 110. According to
a type of the first base substrate 101, at least two buffer
layers may be provided on the first base substrate 101. For
example, the buffer layer 110 may include a first layer 111
formed of silicon nitride (SiNx) and a second layer 112
formed of silicon oxide (SiOx).
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[0058] The first base substrate 101 on which the buffer
layer 110 is formed may include a light-emitting area EA and
a reflection area RA.

[0059] An organic light emitting diode OLED may be
disposed in the light-emitting area EA. For example, a
plurality of insulating layers 130, 140 and 150 of the pixel
circuit part PCL, the planarization layer 160, the pixel
electrode PE, the pixel defining layer 180, the light-emitting
layer EL, the common electrode CE and the encapsulation
layer ECL may be disposed in the light-emitting area EA.
The organic light emitting diode OLED may be defined by
the pixel electrode PE, the light-emitting layer EL and the
common electrode CE.

[0060] The planarization layer 160 may include a via-hole
VH.
[0061] The pixel electrode PE may be formed of metal,

alloy, metal nitride, conductive metal oxide, transparent
conductive material, etc. These may be used alone or in a
suitable combination thereof.

[0062] The pixel defining layer 180 may include a first
opening OP1 corresponding to the light-emitting area EA
and formed of a light shielding material.

[0063] The light-emitting layer EL may be disposed on the
pixel electrode PE which is exposed through the first open-
ing OP1 of the pixel defining layer 180 in the light-emitting
area EA. The light-emitting layer EL. may be formed using
at least one of light emitting materials capable of generating
different colors of light (e.g., a red light, a blue light, a green
light and a white light, etc.).

[0064] The common electrode CE may be disposed on the
light-emitting layer EL, and formed of a transparent con-
ductive material.

[0065] The encapsulation layer ECL may be disposed on
the common electrode CE and formed of silicon nitride and
nonorganic such as metallic oxide.

[0066] The pixel circuit part PCL, the planarization layer
160, the pixel defining layer 180, the common electrode CE,
the encapsulation layer ECL and the reflection control
member RCM may be disposed in the reflection area RA.
[0067] The pixel circuit part PCL may include a first
transistor TR1, a second transistor TR2 and a storage capaci-
tor CST. The first transistor TR1 may include a first active
pattern 121, a first gate electrode GF1, a first electrode E11
and a second electrode E12. The second transistor TR2 may
include a second active pattern 122, a second gate electrode
GE2, a first electrode E21 and a second electrode E22. The
storage capacitor CST may include a first storage electrode
STE1 and a second storage electrode STE2.

[0068] As shown in FIG. 3, the first and second active
patterns 121 and 122 are disposed on the buffer layer 110 in
the light-emitting area EA. For example, first and second
active patterns 121 and 122 may be formed of an oxide
semiconductor, an inorganic semiconductor (e.g., amor-
phous silicon, polysilicon, etc.), an organic semiconductor,
etc.

[0069] A gate insulating layer 130 may be formed on the
buffer layer 110 in the light-emitting area EA in which the
first and second active patterns 121 and 122 are formed. The
gate insulating layer 130 may be formed of silicon oxide
(S510x), silicon nitride (SiNx), silicon oxynitride (SiOxNy),
silicon oxycarbide (SiOxCy), silicon carbon nitride
(SiCxNy), aluminium oxide (AlOx), aluminium nitride
(AINx), tantalum oxide (TaOx), hafnium oxide (HfOx),
zirconium oxide (ZrOx), titanium oxide (TiOx), etc.
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[0070] A first storage electrode STE1, a first gate electrode
GE1 and a second gate electrode GE2 may be formed using
a gate metal layer and disposed on the gate insulating layer
130 in the light-emitting area EA. The gate metal layer may
be formed of metal, alloy, metal nitride, conductive metal
oxide, transparent conductive material, etc.

[0071] A first insulating interlayer 140 in the light-emit-
ting area EA may be disposed on the first base substrate 101
on which the first storage electrode STE1, the first gate
electrode GE1 and the second gate electrode GE2 are
disposed. The first insulating interlayer 140 may be formed
of silicon oxide (SiOx), silicon nitride (SiNx), silicon oxyni-
tride (Si0xNy), etc. These may be used alone or in a suitable
combination thereof.

[0072] The second storage electrode STE2 may be formed
using the gate metal layer, and disposed on the first insu-
lating interlayer 140 in the light-emitting area EA.

[0073] For example, the gate metal layer may be formed
of aurum (Au), argentum (Ag), aluminum (Al), platinum
(Pt), nickel (Ni), titanium (T1), palladium (Pd), magnesium
(Mg), calcium (Ca), lithium (Li), chromium (Cr), tantalum
(Ta), molybdenum (Mo), scandium (Sc), neodymium (Nd),
iridium (Tr), aluminium alloy, aluminium nitride (AINX),
argentum alloy, tungsten W, tungsten nitride (WNx), copper
alloy, molybdenum alloy, titanium nitride (TiNXx), tantalum
nitride (TaNx), strontium ruthenium oxide (SrRuxOy), zinc
oxide (ZnOx), indume tin oxide (ITO), stannum oxide
(SnOx), indume oxide (InOx), gallium oxide (GaOx),
indume zinc oxide (IZ0), etc., which may be used alone or
in combination thereof.

[0074] A second insulating interlayer 150 in the light-
emitting area EA may be disposed on the first base substrate
101 on which the second storage electrode STE2 is formed.
The second insulating interlayer 150 may be formed of
silicon oxide (810x), silicon nitride (SiNx), silicon oxyni-
tride (S10xNy), etc. These may be used alone or in a suitable
combination thereof. For example, the second insulating
interlayer 150 may include a first layer 151 formed of silicon
oxide (SiOx) and a second layer 152 formed of silicon
nitride (SiNx).

[0075] First and second electrodes E11 and E12 of the first
transistor TR1 and first and second electrodes E21 and E22
of the second transistor TR2 may be formed using a source
metal layer, and disposed on the second insulating interlayer
150 in the light-emitting area EA. The source metal layer
may be formed of metal, alloy, metal nitride, conductive
metal oxide, transparent conductive material, etc. These may
be used alone or in a suitable combination thereof.

[0076] The planarization layer 160 may be disposed on the
pixel circuit part PCL which includes the first and second
electrodes E11, F12, E21 and E22.

[0077] The pixel defining layer 180 may include a second
opening OP2 corresponding to the reflection area RA, and
formed of a light shielding material.

[0078] The common electrode CE may be disposed in all
the light-emitting area EA and the reflection area RA. In the
reflection area RA, the common electrode CE may be
disposed on the planarization layer 160 which is exposed
through the second opening OP2 of the pixel defining layer
180.

[0079] The encapsulation layer ECL may be disposed on
the common electrode CE in all the light-emitting area EA
and the reflection area RA.
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[0080] The reflection control member RCM may include a
reflection electrode RE, a reflection control layer RCL and
a transparent electrode TE.

[0081] The reflection electrode RE may be disposed on the
encapsulation layer ECL in the reflection area RA. The
reflection electrode RE may be formed of materials for
reflecting a light. For example, the reflection electrode RE
may be formed of aluminum (Al), neodymium (Nd), alu-
minum alloy, etc.

[0082] The reflection control layer RCL may include an
electrochromic layer, a liquid crystal layer and an electro-
phoresis layer.

[0083] The transparent electrode TE may be disposed on
the reflection control layer RCL. The transparent electrode
TE may be formed of transparent conductive material.
[0084] The opposing substrate 200 may be opposite to the
display substrate 100 and be combined with the display
substrate 100. The opposing substrate 200 may be formed of
transparent materials. For example, the opposing substrate
200 may include a quartz substrate, a synthetic quartz
substrate, a calcium fluoride substrate, a fluoride-doping
quartz substrate, a sodalime substrate, a non-alkali substrate
etc. Alternatively, the opposing substrate 200 may be formed
of a flexible transparent material such as a flexible trans-
parent resin substrate. For example, the flexible transparent
resin substrate may include a first polyimide layer, a barrier
film layer, a second polyimide layer, etc.

[0085] According to the exemplary embodiment, the light-
emitting area EA of the display apparatus may display an
image and the reflection area RA of the display apparatus
may reflect the incident light as a mirror. In addition, the
reflection control member RCM in the reflection area RA
may control a reflectivity based on the intensity of an
incident light of the display apparatus, such that the display
quality may be improved. In addition, the reflection elec-
trode may be used as a driving electrode of the reflection
control member such that a thickness of the display substrate
may be decreased.

[0086] FIGS. 4 to 6 are cross-sectional views illustrating
a method of manufacturing a display substrate according to
an exemplary embodiment.

[0087] Referring to FIGS. 3 and 4, the first base substrate
101 may include a quartz substrate, a synthetic quartz
substrate, a calcium fluoride substrate, a fluoride-doping
quartz substrate, a sodalime substrate, a non-alkali substrate
etc.

[0088] A buffer layer 110 may be generally formed on the
first base substrate 101. The buffer layer 110 may prevent the
diffusion of metal atoms and/or impurities from the first base
substrate 101. The buffer layer 110 may have a multi-layer
structure. For example, the buffer layer 110 may include a
first layer 111 formed of silicon nitride (SiNx) and a second
layer 112 formed of silicon oxide (SiOx).

[0089] An active layer may be formed on the buffer layer
110. The active layer may be formed of an oxide semicon-
ductor, an inorganic semiconductor (e.g., amorphous silicon,
polysilicon, etc.), an organic semiconductor, etc. The active
layer may be patterned to form a first active pattern 121 of
the first transistor TR1 and a second active pattern 122 of the
second transistor TR2.

[0090] A gate insulating layer 130 may be formed on the
first base substrate 101 on which the first and second active
patterns 121 and 122 are formed. The gate insulating layer
130 may be formed of silicon oxide (SiOx), silicon nitride
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(SiNx), silicon oxynitride (SiOxNy), silicon oxycarbide
(Si0OxCy), silicon carbon nitride (SiCxNy), aluminium
oxide (AlOx), aluminium nitride (AINx), tantalum oxide
(TaOx), hafnium oxide (HfOx), zirconium oxide (ZrOx),
titanium oxide (TiOx), etc.

[0091] A gate metal layer may be formed on the gate
insulating layer 130. The gate metal layer may be formed of
metal, alloy, metal nitride, conductive metal oxide, trans-
parent conductive material, etc. The gate metal layer may be
patterned to from a first gate metal pattern. The first gate
metal pattern may include a first storage electrode STE1, a
first gate electrode GE1 and a second gate electrode GE2.
[0092] A first insulating interlayer 140 may be formed on
first base substrate 101 on which the first storage electrode
STE1, the first gate electrode GE1 and the second gate
electrode GE2 are formed. The first insulating interlayer 140
may be formed of silicon oxide, silicon nitride, silicon
oxynitride, etc., which may be used alone or in combination
thereof.

[0093] The gate metal layer may be formed on the first
insulating interlayer 140. The gate metal layer may be
pattern to form a second gate metal pattern. The second gate
metal pattern may include a second storage electrode STE2.
[0094] A second insulating interlayer 150 may be formed
on the first base substrate 101 on which the second storage
electrode STE2 is formed. The second insulating interlayer
150 may include a first layer 151 formed of silicon oxide
(Si0x) and a second layer 152 formed of silicon nitride
(SiNx).

[0095] A source metal layer may be formed on the second
insulating interlayer 150. The source metal layer may be
patterned to form a source metal pattern. The source metal
pattern may include first and second electrodes E11 and E12
of the first transistor TR1 and first and second electrodes E21
and E22 of the second transistor TR2. The source metal
pattern, the first gate metal pattern and the second gate metal
pattern may be connected to each other through the plurality
of contact holes.

[0096] The planarization layer 160 may be formed on the
first base substrate 101 on which the first and second
electrodes E11 and E12 of the first transistor TR1 and the
first and second electrodes E21 and E22 of the second
transistor TR2 are formed. The planarization layer 160 may
be formed of organic material and inorganic material.
[0097] The planarization layer 160 may be patterned to
form a via-hole VH which exposes the first electrode E11 of
the first transistor in the light-emitting area EA.

[0098] Referring to FIGS. 3 and 5, a pixel electrode PE
may be formed on the first base substrate 101 on which the
via-hole VH and the transmission window TW are formed.
The pixel electrode PE may be formed of metal, alloy, metal
nitride, conductive metal oxide, transparent conductive
material, etc. These may be used alone or in a suitable
combination thereof.

[0099] A pixel defining layer 180 may be formed on the
first base substrate 101 on which the pixel electrode PE is
formed. The pixel defining layer 180 may be formed of a
light shielding material. The pixel defining layer 180 is
patterned to form a first opening OP1 which exposes the
pixel electrode PE in the light-emitting area EA and a second
opening OP2 which exposes the planarization layer 160 in
the reflection area RA.

[0100] Alight-emitting layer EL may be formed in the first
opening OP1. The light-emitting layer EL. may be formed
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using at least one of light emitting materials capable of
generating different colors of light (e.g., a red light, a blue
light, a green light and a white light, etc.).

[0101] A common electrode CE may be formed in all the
light-emitting area EA and the reflection area RA of the first
base substrate 101 on which the light-emitting layer EL is
formed.

[0102] The common electrode CE in the light-emitting
area EA may be disposed on the light-emitting layer EL and
the common electrode CE in the reflection area RA may be
disposed on the planarization layer 160.

[0103] The encapsulation layer ECL may be thickly
formed in all the light-emitting area EA and the reflection
area RA of the first base substrate 101 on which the common
electrode CE is formed. The encapsulation layer ECL may
be formed of silicon nitride and nonorganic such as metallic
oxide. A surface of the display substrate may be planarized
by the encapsulation layer ECL.

[0104] Referring to FIGS. 3 and 6, the reflection electrode
RE may be formed in the reflection area RA of the first base
substrate 101 on which the encapsulation layer ECL is
formed.

[0105] The reflection electrode RE may be formed of
materials for reflecting a light.

[0106] For example, the reflection electrode RE may be
formed of aluminum (Al), neodymium (Nd), aluminum
alloy, etc.

[0107] The reflection control layer RCL may be formed on
the first base substrate 101 on which the reflection electrode
RE is formed.

[0108] The reflection control layer RCL may be driven
with the transparent mode and a translucent mode. The
reflection control layer RCL may include an electrochromic
layer, a liquid crystal layer and an electrophoresis layer.
[0109] The transparent electrode TE may be formed on the
reflection control layer RCL.

[0110] Therefore, the reflection control member RCM
which includes the reflection electrode RE, the reflection
control layer RCL and the transparent electrode TE may be
formed in the reflection area RA.

[0111] According to the exemplary embodiment, the
reflection area RA of the display apparatus may reflect the
incident light as a mirror. In addition, the reflection control
member RCM in the reflection area RA may control a
reflectivity based on the intensity of an incident light of the
display apparatus, such that the display quality may be
improved. In addition, the reflection electrode may be used
as a driving electrode of the reflection control member such
that a thickness of the display substrate may be decreased.
[0112] FIG. 7 is a cross-sectional view illustrating a dis-
play apparatus according to an exemplary embodiment.
[0113] Referring to FIG. 7, the display apparatus 1000A
may include a display substrate 100A and an opposing
substrate 200.

[0114] According to the exemplary embodiment, the dis-
play substrate 100A in comparison with the display substrate
100 according to the previous exemplary embodiment refer-
ring to FIG. 3 may include a light-emitting layer EL which
is commonly formed in all, or at least a portion of each of,
the light-emitting area EA and the reflection area RA.
[0115] Therefore, according to the exemplary embodi-
ment, in the reflection area RA, the light-emitting layer EL
may be disposed on the planarization layer 160 which is
exposed through the second opening OP2 of the pixel
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defining layer 180, the common electrode CE may be
disposed on the light-emitting layer EL, the encapsulation
layer ECL may be disposed on the common electrode CE,
and the reflection control member RCM including the reflec-
tion electrode RE may be disposed on the encapsulation
layer ECL.

[0116] A method of manufacturing the display substrate
100A in comparison with the method of manufacturing the
display substrate 100 according to the previous exemplary
embodiment referring to FIGS. 3 to 6, may decrease a
number of a mask for forming the light-emitting layer EL.
[0117] FIG. 8 is a cross-sectional view illustrating a dis-
play apparatus according to an exemplary embodiment. FIG.
9 is a block diagram illustrating a data driver circuit accord-
ing to an exemplary embodiment.

[0118] Referring to FIG. 8, according to the exemplary
embodiment, the display apparatus 1000B may include a
display substrate 100B, an opposing substrate 200 opposite
to the display substrate 100B, a gate driver circuit 300 and
at least one data driver circuit 500.

[0119] The display substrate 100B may include a display
area DA and a peripheral area PA surrounding the display
area DA.

[0120] A plurality of pixels P, a plurality of data lines DL
and a plurality of gate lines GL may be disposed in the
display area DA.

[0121] Each of the plurality of pixel parts P may include
the same or like parts as those of the pixel described in the
previous exemplary embodiments.

[0122] The pixel P may include a light-emitting area EA
which emits a light and a reflection area RA which reflects
a light. The light-emitting area EA may include an organic
light emitting diode, and the reflection area RA may include
a pixel circuit part which drives the organic light emitting
diode. The pixel circuit part may include at least one
transistor and at least one capacitor and may be connected to
at least one data line DL and at least one gate line GL.
[0123] The gate driver circuit 300 may be disposed in the
peripheral area PA. The gate driver circuit 300 may be
configured to provide the at least one transistor in the pixel
circuit part with a gate signal. The gate driver circuit 300
may include a plurality of transistors which is disposed in
peripheral area PA of the display substrate 100B and formed
via the process substantially same as that forming the at least
one transistor in the pixel circuit part.

[0124] The data driver circuit 500 may be disposed in the
peripheral area PA. The data driver circuit 500 may be
configured to provide the at least one transistor in the pixel
circuit part with a data signal.

[0125] In addition, the data driver circuit 500 may be
configured to sense the light incident from the external and
to generate driving signals to drive the reflection control
member in the reflection area RA based on a sensing signal
corresponding to an intensity of the incident light.

[0126] The reflection control member may include a
reflection electrode, a reflection control layer and a trans-
parent electrode as those described in the previous exem-
plary embodiments, and the reflection electrode and the
transparent electrode of the reflection control member may
be configured to receive the driving signals outputted from
the data driver circuit 500. The reflection control member
may be driven with the transparent mode and the translucent
mode based on the driving signals corresponding to the
intensity of the incident light.
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[0127] Forexample, when the incident light has the inten-
sity of normal illumination, the reflection control member
may be driven with the transparent mode and thus the
incident light is mostly transmitted to be incident into the
reflection electrode. When the incident light has the intensity
of high illumination, the reflection control member may be
driven with the translucent mode and thus the incident light
is partially transmitted to be incident into the reflection
electrode. Thus, the reflection control member may control
a reflectivity of the light reflected from the reflection elec-
trode based on the intensity of the incident light.

[0128] Referring to FIG. 9, the data driver circuit 500 may
include a data circuit part 510 and a sensor circuit part 530.
[0129] The data circuit part 510 may include a sample
latch 511, a line latch 513, a data signal convertor 515 and
a data output part 517.

[0130] The sample latch 511 may be configured to receive
an image signal which is R, G and B data DATA and arrange
the R, G and B data DATA based on a shift control signal
SHT.

[0131] The line latch 513 may be configured to store the
R, G and B data 5114 outputted from the sample latch 511
by a horizontal line unit. The line latch 513 may be config-
ured to output the R, G and B data 5134 by the horizontal
line unit based on a load signal TP.

[0132] The data signal convertor 515 may be configured to
convert the R, G and B data received from the line latch 513
of a digital signal to R, G and B data voltages of an analog
signal using a gamma voltage V_GAMMA. The data signal
convertor 515 may be configured to output the R, G and B
data voltages 5154.

[0133] The data output part 537 may be configured to
amplify the R, G and B data voltages to predetermined levels
and then the amplified R, G and B data voltages 5174 may
be outputted to the plurality of data lines.

[0134] The sensor circuit part 530 may include a light
sensor 531, a sensing amplifier 533, a sensing signal con-
vertor 535 and a control outputting part 537.

[0135] The light sensor 531 may include at least one
light-current sensing element. The light-current sensing ele-
ment may be configured to turn on and to output a sensing
signal 531s corresponding to the light-current when a light
is received into a channel area. The light sensor 531 may be
configured to output a plurality of sensing signal 531s
outputted from the plurality of light-current sensing ele-
ments.

[0136] The sensing amplifier 533 may be configured to
amplify a level of the sensing signal to a predetermined
level. The sensing amplifier 533 may be configured to output
a plurality of sample sensing signals 533s amplified to the
predetermined level.

[0137] The sensing signal convertor 535 may be config-
ured to convert the sample sensing signal 533s of an analog
signal to sensing data 535s of a digital signal. The sensing
signal convertor 535 may be configured to output a plurality
of sensing data 535s.

[0138] The control outputting part 537 may be configured
to store the plurality of sensing data 5355 at a memory such
as a resistor by a predetermined period and to determine an
intensity of the incident light based on the plurality of
sensing data 535s stored in the memory. For example, the
control outputting part 537 may be configured to determine
a maximum value of the plurality of sensing data 535s as the
intensity of the incident light.
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[0139] The control outputting part 537 may be configured
to output driving signals to drive the reflection control
member RCM based on the determined intensity of the
incident light.

[0140] For example, when the sensing data corresponding
to the intensity of the incident light are lower than reference
data, the control outputting part 537 may be configured to
determine the intensity of the incident light as a normal
intensity. And then, the control outputting part 537 may be
configured to generate first and second driving signals
applied to the reflection electrode and the transparent elec-
trode to drive the reflection control member RCM with a
transparent mode. In the transparent mode, the first and
second driving signals may have same voltage levels as each
other.

[0141] However, when the sensing data corresponding to
the intensity of the incident light are higher than the refer-
ence data, the control outputting part 537 may be configured
to determine the intensity of the incident light as an abnor-
mal intensity. And then, the control outputting part 537 may
be configured to generate the first and second driving signals
applied to the reflection electrode and the transparent elec-
trode to drive the reflection control member RCM with a
translucent mode. In the translucent mode, the first and
second driving signals may have different voltage levels
from each other.

[0142] Therefore, the reflectivity of the reflection area
may be controlled based on the intensity of the incident light
and thus, a visibility of an image displayed on the display
apparatus may be improved.

[0143] According to the exemplary embodiment, the data
circuit part and the sensor circuit part may be formed as
single chip using a TSV (Through Silicon Via) technology
and thus a thickness and a size of the data driver circuit may
decrease. In addition, the reflection electrode for the mirror
may be used as the driving electrode of the reflection control
member and thus, a thickness of the display apparatus may
decrease.

[0144] FIG. 10 is a plain view illustrating a display
apparatus according to an exemplary embodiment. FIG. 11
is a cross-sectional view illustrating the display apparatus
shown in FIG. 10.

[0145] According to the exemplary embodiment, the dis-
play apparatus 1000C in comparison with the display appa-
ratus 1000B according to the previous exemplary embodi-
ment referring to FIG. 3 may include a display area DA
which is divided a first display area DA1 and a second
display area DA2. Hereinafter, the same reference numerals
are used to refer to the same or like parts as those described
in the previous exemplary embodiments, and the same
detailed explanations are not repeated unless necessary.

[0146] Referring to FIGS. 10 and 11, the display apparatus
1000C may include a display substrate 100C, an opposing
substrate 200 opposite to the display substrate 100C, a gate
driver circuit 300 and at least one data driver circuit 500.

[0147] The display substrate 100C may include a first
display area DA1, a second display area DA2 and a periph-
eral area PA surrounding the first and second display areas
DAI1 and DA2.

[0148] A plurality of first pixels P1, a plurality of data
lines and a plurality of gate lines which are connected to the
first pixels P1 may be disposed in the first display area DA1.
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[0149] A first pixel P1 in the first display area DA1 may
include a first light-emitting area EA1 and a first reflection
area RA1.

[0150] The same or like parts as those disposed in light-
emitting area EA according to the previous exemplary
embodiment referring to FIG. 3 may be disposed in the first
light-emitting area EA1 of the first pixel P1 according to the
exemplary embodiment. Thus, an organic light emitting
diode OLED may be disposed in the first light-emitting area
BAL.

[0151] However, the reflection control layer RCL and the
transparent electrode TE disposed in the reflection area RA
according to the previous exemplary embodiment referring
to FIG. 3 may be omitted in the first reflection area RA1 of
the first pixel P1 according to the exemplary embodiment.
Thus, a pixel circuit part PCL which includes at least one
transistors T1 and T2 and at least one capacitor Cst and a
reflection electrode RE may be disposed in the first reflec-
tion area RAL.

[0152] The reflection electrode of the first reflection area
RA1 may intactly reflect an incident light. Thus, the first
display area DA1 may display an image and reflect the
incident light as a mirror.

[0153] A plurality of second pixels P2, a plurality of data
lines and a plurality of gate lines which are connected to the

second pixels P2 may be disposed in the second display area
DA2.

[0154] A second pixel P2 of the second display area DA2
may include a second light-emitting area EA2 and a second
reflection area RA2.

[0155] The same or like parts as those disposed in light-
emitting area EA according to the previous exemplary
embodiment referring to FIG. 3 may be disposed in the
second light-emitting area EA2 of the second pixel P2
according to the exemplary embodiment. Thus, an organic
light emitting diode OLED may be disposed in the second
light-emitting area EA2.

[0156] In addition, the same or like parts as those disposed
in reflection area RA according to the previous exemplary
embodiment referring to FIG. 3 may be disposed in the
second reflection area RA2 of the second pixel P2 according
to the exemplary embodiment. Thus, a pixel circuit part PCL
and a reflection control member RCM which includes a
reflection electrode RE, a reflection control layer RCL and
a transparent electrode TE may be disposed in the second
reflection area RA2.

[0157] Therefore, the second display area DA2 may dis-
play an image and control a reflectivity based on the
intensity of the incident light.

[0158] According to the exemplary embodiment, the pix-
els in a partial area of the display area may selectively the
reflection control layer and the transparent electrode. Thus,
the display area may include a first area performing a mirror
function unrelated to the intensity of the incident light and
a second area controlling the reflectivity of the reflected light
from the reflection electrode based on the intensity of the
incident light.

[0159] According to the exemplary embodiment, the data
circuit part and the sensor circuit part may be formed as a
single chip using a TSV (Through Silicon Via) technology
and thus a thickness and a size of the data driver circuit may
decrease. In addition, the reflection electrode for the mirror
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may be used as the driving electrode of the reflection control
member and thus, a thickness of the display apparatus may
decrease.

[0160] FIG. 12 is a cross-sectional view illustrating a
display apparatus according to an exemplary embodiment.
[0161] According to the exemplary embodiment, the dis-
play apparatus 1000D may include a data driver circuit 500
which is disposed on a flexible circuit board in comparison
with the display apparatus 1000B according to the previous
exemplary embodiment. Hereinafter, the same reference
numerals are used to refer to the same or like parts as those
described in the previous exemplary embodiments, and the
same detailed explanations are not repeated unless neces-
sary.

[0162] Referring to FIG. 12, the display apparatus 1000D
may include a display substrate 100D, an opposing substrate
200 opposite to the display substrate 100D, a gate driver
circuit 300, at least one flexible circuit board 400, at least
one data driver circuit 500 and a printed circuit board 600.
[0163] The display substrate 100D may include a display
area DA and a peripheral area PA surrounding the display
area DA.

[0164] A plurality of pixels P, a plurality of data lines DL
and a plurality of gate lines GL. may be disposed in the
display area DA. Although not shown in figures, the display
substrate 100D may include a first display area DA1 which
includes a reflection area in which only reflection electrode
is disposed and a second display area DA2 which a reflection
area in which the reflection control member is disposed as
described in the previous exemplary embodiment referring
to FIG. 10.

[0165] The pixel P may include a light-emitting area EA
in which a light is emitted and a reflection area RA in which
a light is reflected. An organic light emitting diode may be
disposed in the light-emitting area EA and a pixel circuit part
which drives the organic light emitting diode may be dis-
posed in the reflection area RA. The pixel circuit part may
include at least one transistor and at least one capacitor and
may be connected to at least one data line DL and at least one
gate line GL.

[0166] The data driver circuit 500 may be mounted on the
flexible circuit board 400.

[0167] The flexible circuit board 400 may be connected
between the display substrate 100D and the printed circuit
board 600. For example, the flexible circuit board 400 may
include a first end portion connected to the printed circuit
board 600 and a second end portion connected to the
peripheral area PA of the display substrate 100D.

[0168] The data driver circuit 500 may include the same or
like parts as those described in the previous exemplary
embodiment referring to FIG. 9.

[0169] Thus, the data driver circuit 500 may include a data
circuit part 510 and a sensor circuit part 530.

[0170] The data circuit part 510 may include a sample
latch 511, a line latch 513, a data signal convertor 515 and
a data output part 517. The sensor circuit part 530 may
include a light sensor 531, a sensing amplifier 533, a sensing
signal convertor 535 and a control outputting part 537.
[0171] For example, when the sensing data corresponding
to the intensity of the incident light are lower than reference
data, the control outputting part 537 may be configured to
provide the reflection electrode and the transparent electrode
with first and second driving signals which have same
voltage levels as each other to drive the reflection control
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member with a transparent mode. However, when the sens-
ing data corresponding to the intensity of the incident light
are higher than the reference data, the control outputting part
537 may be configured to provide the reflection electrode
and the transparent electrode with the first and second
driving signals which have different voltage levels to drive
the reflection control member with a translucent mode.
Therefore, the reflectivity of the reflection area may be
controlled based on the intensity of the incident light and
thus, a visibility of an image displayed on the display
apparatus may be improved.

[0172] According to the exemplary embodiment, the data
circuit part and the sensor circuit part may be formed as
single chip using a TSV (Through Silicon Via) technology
and thus a thickness and a size of the data driver circuit may
decrease. In addition, the reflection electrode for the mirror
may be used as the driving electrode of the reflection control
member and thus, a thickness of the display apparatus may
decrease.

[0173] FIG. 13 is a cross-sectional view illustrating a
display apparatus according to an exemplary embodiment.
FIG. 14 is a conceptual diagram illustrating a light-sensing
part shown in FIG. 13.

[0174] According to the exemplary embodiment, the dis-
play apparatus 1000E may include a light sensor 531A
which is disposed in peripheral area PA of the display
substrate 100E and formed via the process substantially
same as that forming the at least one transistor in the pixel
circuit part.

[0175] Referring to FIGS. 13 and 14, the display apparatus
1000E may include a display substrate 100E, an opposing
substrate 200 opposite to the display substrate 100E, a gate
driver circuit 300, at least one data driver circuit S00A and
a light sensor 531A.

[0176] The display substrate 100E may include a display
area DA and a peripheral area PA surrounding the display
area DA.

[0177] A plurality of pixels P, a plurality of data lines DL
and a plurality of gate lines GL may be disposed in the
display area DA. Although not shown in figures, the display
substrate 100E may include a first display area DA1 which
includes a reflection area in which only reflection electrode
is disposed and a second display area DA2 which a reflection
area in which the reflection control member is disposed as
described in the previous exemplary embodiment referting
to FIG. 10.

[0178] The pixel P may include a light-emitting area EA
in which a light is emitted and a reflection area RA in which
a light is reflected. An organic light emitting diode may be
disposed in the light-emitting area EA and a pixel circuit part
which drives the organic light emitting diode may be dis-
posed in the reflection area RA. The pixel circuit part may
include at least one transistor and at least one capacitor and
may be connected to at least one data line DL and at least one
gate line GL.

[0179] The gate driver circuit 300 may be disposed in the
peripheral area PA. The gate driver circuit 300 may be
configured to provide at least one transistor in the pixel
circuit part with a gate signal. The gate driver circuit 300
may include a plurality of transistors which is formed via the
process substantially same as that forming the at least one
transistor in the pixel circuit part.

[0180] The data driver circuit 500A may be disposed in the
peripheral area PA. The data driver circuit 500A may be
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configured to provide the at least one transistor in the pixel
circuit part with a data signal.

[0181] In addition, the data driver circuit 500A may be
configured to sense the light incident from the external
through the light sensor 531A and to generate driving signals
to drive the reflection control member in the reflection area
RA based on a sensing signal corresponding to an intensity
of the incident light.

[0182] The data driver circuit 500A may omit the light
sensor 531 in the sensor circuit part 530 in comparison with
the data driver circuit 500 according to the previous exem-
plary embodiment referring to FIG. 9.

[0183] According to the exemplary embodiment, the light
sensor 531A may be disposed in the peripheral area PA of the
display substrate 100E and include a plurality of light-
sensing elements QLT as shown in FIG. 14.

[0184] The plurality of light-sensing elements QLT may
be disposed in the peripheral area PA adjacent to the display
area DA.

[0185] The light-sensing elements QLT may be formed in
the peripheral area of the display substrate 100E via the
process substantially same as that forming the at least one
transistor in the pixel circuit part.

[0186] The plurality of light-sensing elements QLT may
be configured to turn on in response to a sensing control
signal VLT and to output a plurality of sensing signals 531s
corresponding to a light-current I Temp, Lux based on an
input voltage VI.

[0187] Then, referring to FIG. 9, the sensing amplifier 533
may be configured to amplify a level of the sensing signal
into a predetermined level and to output a sample sensing
signal 533s having the predetermined level. The sensing
amplifier 533 may output a plurality of sample sensing
signals 533s.

[0188] The sensing signal convertor 535 may be config-
ured to convert the sample sensing signal 533s of an analog
signal to sensing data 535s of a digital signal. The sensing
signal convertor 535 may be configured to output a plurality
of sensing data 535s.

[0189] The control outputting part 537 may be configured
to store the plurality of sensing data 535s at a memory such
as a resistor by a predetermined period and to determine an
intensity of the incident light based on the plurality of
sensing data 535s stored in the memory. For example, the
control outputting part 537 may be configured to determine
a maximum value of the plurality of sensing data 535s as the
intensity of the incident light.

[0190] The control outputting part 537 may be configured
to output driving signals to drive the reflection control
member based on the determined intensity of the incident
light.

[0191] For example, when the sensing data corresponding
to the intensity of the incident light are lower than reference
data, the control outputting part 537 may be configured to
provide the reflection electrode and the transparent electrode
with first and second driving signals which have same
voltage levels as each other to drive the reflection control
member with a transparent mode. However, when the sens-
ing data corresponding to the intensity of the incident light
are higher than the reference data, the control outputting part
537 may be configured to provide the reflection electrode
and the transparent electrode with the first and second
driving signals which have different voltage levels to drive
the reflection control member with a translucent mode.
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Therefore, the reflectivity of the reflection area may be
controlled based on the intensity of the incident light and
thus, a visibility of an image displayed on the display
apparatus may be improved.

[0192] According to the exemplary embodiment, the
reflection electrode for the mirror may be used as the driving
electrode of the reflection control member and thus, a
thickness of the display apparatus may decrease. The data
circuit part outputting the data signal applied to the pixel and
the sensor circuit part outputting the driving signals applied
to the reflection control member may be formed as single
chip using a TSV (Through Silicon Via) technology and thus
a sixe of the data driver circuit may decrease.

[0193] The present inventive concept may be applied to a
display device and an electronic device having the display
device. For example, the present inventive concept may be
applied to a computer monitor, a laptop, a digital camera, a
cellular phone, a smart phone, a smart pad, a television, a
personal digital assistant (PDA), a portable multimedia
player (PMP), a MP3 player, a navigation system, a game
console, a video phone, etc.

[0194] The foregoing is illustrative of the inventive con-
cept and is not to be construed as limiting thereof. Although
a few exemplary embodiments of the inventive concept have
been described, those skilled in the art will readily appre-
ciate that many modifications are possible in the exemplary
embodiments without materially departing from the novel
teachings and advantages of the inventive concept. Accord-
ingly, all such modifications are intended to be included
within the scope of the inventive concept as defined in the
claims.

[0195] In the claims, means-plus-function clauses are
intended to cover the structures described herein as perform-
ing the recited function and not only structural equivalents
but also equivalent structures. Therefore, it is to be under-
stood that the foregoing is illustrative of the inventive
concept and is not to be construed as limited to the specific
exemplary embodiments disclosed, and that modifications to
the disclosed exemplary embodiments, as well as other
exemplary embodiments, are intended to be included within
the scope of the appended claims. The inventive concept is
defined by the following claims, with equivalents of the
claims to be included therein.

What is claimed is:

1. A display substrate comprising:

an organic light emitting diode disposed in a light-emit-

ting area on a base substrate;

a reflection electrode disposed in a reflection area on the

base substrate;

a transparent electrode disposed on the reflection elec-

trode; and

a reflection control layer disposed between the reflection

electrode and the transparent electrode, and configured
to control a reflectivity based on driving signals applied
to the reflection electrode and the transparent electrode.

2. The display substrate of claim 1, further comprising:

a pixel circuit part disposed under the reflection electrode

in the reflection area configured to drive the organic
light emitting diode.

3. The display substrate of claim 1, further comprising an
encapsulation layer disposed on the organic light emitting
diode in the light-emitting area and the reflection area,
wherein the reflection electrode is disposed on the encap-
sulation layer.
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4. The display substrate of claim 1, further comprising:

aplanarization layer comprising a via-hole through which
a first electrode of the organic light emitting diode is
connected to the pixel circuit part; and

a pixel defining layer comprising a first opening formed in
the light-emitting area corresponding to the first elec-
trode of the organic light emitting diode and a second
opening formed in the reflection area.

5. The display substrate of claim 4, wherein the pixel

defining layer comprises a light shielding material.

6. The display substrate of claim 4, wherein a light-
emitting layer and a second electrode of the organic light
emitting diode are stacked in the first opening of the light-
emitting area, and the second electrode of the organic light
emitting diode is disposed in the second opening of the
reflection area.

7. The display substrate of claim 4, wherein a light-
emitting layer and a second electrode of the organic light
emitting diode are stacked in the first opening of the light-
emitting area and the second opening of the reflection area,
respectively.

8. A display apparatus comprising:

a display panel comprising a display area in which a
plurality of pixels is arranged and a peripheral area
surrounding the display area, each of the plurality of
pixels comprising a light-emitting area in which an
organic light emitting diode is disposed and a reflection
area in which a reflection electrode, a transparent
electrode and a reflection control layer between the
reflection electrode and the transparent electrode are
disposed; and

a data driver circuit configured to output a data signal to
drive the organic light emitting diode and driving
signals to drive the reflection electrode and the trans-
parent electrode based on an intensity of an incident
light.

9. The display substrate of claim 8, wherein the display
panel further comprises a pixel circuit part disposed under
the reflection electrode configured to drive the organic light
emitting diode.

10. The display substrate of claim 8, wherein the display
panel further comprises an encapsulation layer disposed in
the light-emitting area in which the organic light emitting
diode is disposed and the reflection area, wherein the reflec-
tion electrode is disposed on the encapsulation layer in the
reflection area.

11. The display substrate of claim 8, wherein the display
panel further comprises a planarization layer comprising a
via-hole through which a first electrode of the organic light
emitting diode is connected to the pixel circuit part, and a
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pixel defining layer comprising a first opening formed on the
light-emitting area corresponding to the first electrode of the
organic light emitting diode and a second opening formed on
the reflection area.

12. The display substrate of claim 11, wherein a light-
emitting layer and a second electrode of the organic light
emitting diode are stacked in the first opening of the light-
emitting area and at least one of the light-emitting layer and
the second electrode of the organic light emitting diode is
disposed in the second opening of the reflection area.

13. The display substrate of claim 11, wherein the pixel
defining layer comprises a light shielding material.

14. The display substrate of claim 11, wherein the reflec-
tion control layer and the transparent electrode are selec-
tively disposed in a partial area of the display area.

15. The display substrate of claim 8, wherein when the
intensity of the incident light is normal, the data driver
circuit is configured to provide the reflection electrode and
the transparent electrode with a first driving signal and a
second driving signal equal to the first driving signal,
respectively, and

when the intensity of the incident light is abnormal, the

data driver circuit is configured to provide the reflection
electrode and the transparent electrode with a first
driving signal and a second driving signal different
from the first driving signal, respectively.

16. The display substrate of claim 8, wherein the data
driver circuit comprises:

a data driving part configured to output the data signal;

a light-sensing part configured to sense the incident light

and output a sensing signal; and

a control output part configured to output the first and

second driving signals based on the sensing signal.

17. The display substrate of claim 8, wherein the data
driver circuit is disposed in the peripheral area of the display
panel.

18. The display substrate of claim 8, wherein the data
driver circuit is disposed on a flexible circuit board, wherein
an end portion of the flexible circuit board is disposed on the
peripheral area of the display panel.

19. The display substrate of claim 8, wherein the display
panel further comprises a plurality of light-sensing elements
arranged in the peripheral area and configured to sense a
light to output a sensing signal.

20. The display substrate of claim 8, wherein the data
driver circuit comprises a data driving part configured to
output the data signal; and

a control output part configured to output the first and

second driving signals based on the sensing signal.

* #* * #* #®
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