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(57) ABSTRACT

An organic light emitting display device comprises: a sub-
strate; a plurality of thin film transistors (TFTs) formed on a
first surface of the substrate; a passivation layer covering the
plurality of TFTs; a plurality of first pixel electrodes formed
on the passivation layer and respectively electrically con-
nected to the plurality of TFTs, and overlapping with the
plurality of TFTs so as to cover the plurality of TFTs, and
including a reflection layer formed of a light-reflecting con-
ductive material; a second pixel electrode formed of a light-
transmitting conductive material and disposed on the passi-
vation layer so as to be electrically connected to the plurality
of first pixel electrodes; an opposite electrode formed such
that light is transmitted or reflected therethrough, and dis-
posed opposite the plurality of first pixel electrodes and the
second pixel electrode; and an organic layer interposed
between the plurality of first pixel electrodes and the second
pixel electrode, and including an emission layer. Accordingly,
transmittivity of the organic light emitting display device is
increased, and optical outcoupling efficiency of the organic
light emitting display device is also increased during double-
sided emission.

IMAGE

1

-

N

N

™

R = ey 7

/

2%\\\/\

™~
™,
<

0
N\

LA NP gu,

%

\\ \
N

N

\\ \\
Qf:

EXTERNAL
LIGHT
TRANSMISSION




Patent Application Publication  Aug. 25,2011 Sheet 1 of 7 US 2011/0205198 A1

FIG., 1
IMAGF 'MAGE
| w
, i
V7 / 4
e /,///Q
IM:E\(GE
EXTERNAL
LIGH?
TRANSMISSION
FIG. 2

/225
\\\Q\k%QQQ\M%

N 24
T 7@%%/7“”1

H '21

\\A




US 2011/0205198 A1
21

N
I Iria s f//I\[ﬂ

DI A

3
4

Aug. 25,2011 Sheet 2 of 7
26
T

FIG.
FIG.

Patent Application Publication

1
1
|
|
Ll
I
i
1
t
I
§
{
|
+
t

L EL AR S y

-4
t
i
|

-
t
i
i
i
|
i
I
|

+
i

[ e
|

]

|
j
& -

i

|

|

|

|

|

!

~t

1

A

e Rttt S

t
R Y S
]

lllllllll

P S

11111111

lllllll [P
_
e et ]
i 1
i I3
} I
1 ]
1 1
1 1
i '
P 1
- i
. 1
H '
R O, 4
1
\\\\\\\ R
111111 PO
1
ﬁ..!..u.:. . |
1 1
1 14
i 1
i 1
1 1
i 1
i i
i E
-4 £
i £
' '
[ =k
i
I W [ S
13%!1\\0 llllllll
i b
” _\‘\wr}(Y‘IJ
P |
o +
! |
P |
HE 1
. |
] i
H T !
f.“ |
H 1
Lo i
L N
1
I

'
i
|
S R

o m e e e e = = e
1

1

RO AL LTS0Sy s s A A

S S,
i



US 2011/0205198 A1

mlil‘..ﬂl,.l»i.»ri»ildsiil.ipr!F11111111{11.§-Il ..... 1
L _ i T
e g R SO PPN A N P =1
! | i | I J
- 1 I e
& 3 IR G I I e
Py T LT
: 14 o —— [ i A M _
AR | A
4 [ g I
. +A\e_ —al H '
m 11 't i ._v»“ ] D i
I Py b [ 1 I |
e — R ——ttl
~ N N 5 T
I ; ;
= = i i —
H 1 i 1 F H
e = ——— e e e e i — — ot e e —1-1
An_lh Aﬂ...i m Tllx_r iiiiiii - m “ .11!.:_F IIIIII -1 4, 4.
H ! e - [ »— -l H
-5y P i Tor
2 I I e R A
' Pl T il [T ¥ [ H
N 5 “ m " ..v |“ w 1 [ I an 1 _
- H ; .
- ' e ] i1 M £ w’ " w H
| I L FE e I i
— PO | blal i f
[—) - : m1“ L [ TR [ '
~ ! [ [ .l [ H
< | Ed ! Lol [ | [ |
' G PSP S ) ) S SR A L T SR J ;
% = e e R b
. ) S ; :
ob ¥ - - | fnd
M - \}7 ' Lw _ ; !
S S i I i !
B B s B N N
I Y - P S 19 m ,ﬁ e .w _
: [ O Tk AN BRGES S :
~ | _C ! | m/._ﬂ. [ P ! ! P
L orE e BEEES N
i i i 1 H
(] B 1 [ A I '
" RS- I
A!.\\T f-a i $-i-al (i m
0 [ — [ [ = Lo '
R i DL .
[ . [ R ' e - :
e+ e R e - ‘\xﬁ
: : ! ] ! ,
L I 1B R

Patent Application Publication
S



Patent Application Publication  Aug. 25,2011 Sheet 4 of 7 US 2011/0205198 A1

FlG. 6

[
|
|

221 —+

MO
A
]
e

"_

- .
L

Y \\\
N
S

g S |

M3
——
-
o
_'i_

y




US 2011/0205198 A1

Aug. 25,2011 Sheet S of 7

Patent Application Publication

> Gyl m déla  <dld0ge B0ZS evlg Bgle €L 4 8

v

, AL
e e e A “ y 7 m s m
Wf\v\\ \\ oty \\ \\ \ \ ~ A \W\ \\ ey \@.\\\W
WTE,J,V/\ e \\ \\ \ . \\ P \\M\.\ \H\b\ \\ \»m.\x\ \\ e

big - A \\‘\\\\\.\%r J > /M\/w, > N\\x\.ﬁ%\\\.@&&& Pty MM
elg w ////// /f/// /V//// ///é 4 ST AN
// N
N /

/ /////z,, |

_____ J \ M =
oo Goiz qs1z/ M v B/

egl? 150 ¥ €TT 1TT

Z¥d W1 L¥d

L O



Patent Application Publication  Aug. 25,2011 Sheet 6 of 7 US 2011/0205198 A1

FIG. 8

.....
.....

e
AR IN /wzsb}zza
AN NN 2235

T T T
ST USES —aon on
T et

FIG. 9

ﬂ /

e 224

R

mw%w%w%%@a
SRS -z

SANNNNNNY
T
U




US 2011/0205198 A1

Aug. 25,2011 Sheet 7 of 7

Patent Application Publication

A Grle dgle ¢diq0ce BOce ®ylg BZlz 14l d S

S

Y J B/12 8912
\\ _ _ 180 ¥2é £ee teg
[ I

|7 2vd ‘vl Lvd

B

01T "Old



US 2011/0205198 Al

ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application earlier filed in the Korean
Intellectual Property Office on the 24” of Feb. 2010 and there
duly assigned Serial No. 10-2010-0016665.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present invention relates to an organic light
emitting display device and, more particularly, to a transpar-
ent organic light emitting display device.

[0004] 2. Description of the Related Art

[0005] Organic light emitting display devices have excel-
lent characteristics in terms of angle of view, contrast,
response speed, and power consumption, and thus are widely
used in personal portable appliances such as MP3 players or
mobile phones and TVs.

[0006] Theorganic light emitting display devices have self-
emissive characteristics, and thus do not require a light
source, unlike a liquid crystal display (LCD) device which
does require a light source. Accordingly, the thickness and
weight of the organic light emitting display device can be
reduced.

[0007] Also, a transparent organic light emitting display
device may be formed by inserting a transparent thin film
transistor (TFT) or a transparent organic light emitting device
thereinto.

[0008] However, ina transparent organic light emitting dis-
play device, an object or an image that is positioned on the
opposite side of the user is transmitted through not only an
organic light emitting device but also patterns like a TFT,
various wirings, and spaces between them in a switched-off
state. In addition, even when the organic light emitting dis-
play device is a transparent display device, the transmittivity
of the organic light emitting device, the TFT, and the wirings
described above is not high, and the spaces between them are
very small. Accordingly, the transmittivity of the organic light
emitting display device is not high.

[0009] Also, the user may see a distorted image due to the
patterns described above, that is, the organic light emitting
device, the TFT, and the wirings. Since distances between the
patterns are several hundred nanometers, which is the same as
a visible light wavelength, diffusion of light that has been
transmitted occurs.

[0010] Meanwhile, compared to an LCD device, a both
(bottom and top) emission type display device may be easily
manufactured using the organic light emitting display device.

[0011] However, since the reflective anode cannot be used
in the both emission type display device, optical resonance
effects may not be used, which makes it difficult to obtain a
high outcoupling efficiency. Ifa transparent anode is changed
1o a semi-transmissive anode to increase the outcoupling effi-
ciency of the both emission type display device, the transmit-
tivity of the organic light emitting display device is lowered.
Thus, it is difficult to manufacture a transparent organic light
emitting display device.

Aug. 25,2011

SUMMARY OF THE INVENTION

[0012] The present invention provides a transparent
organic light emitting display device having a transmission
area with increased transmittivity and increased outcoupling
efficiency during double-sided light emission.

[0013] The present invention also provides a transparent
organic light emitting display device in which diffusion of
light being transmitted is reduced to prevent distortion of the
transmission image.

[0014] According to an aspect of the present invention, an
organic light emitting display device comprises: a substrate; a
plurality of TFTs formed on a first surface of the substrate; a
passivation layer covering the plurality of TFTs; a plurality of
first pixel electrodes formed on the passivation layer and
respectively electrically connected to the plurality of TFTs,
the electrodes being overlapped with the plurality of TFTs so
as to cover the plurality of TFTs and including a reflection
layer formed of a light-reflecting conductive material; a sec-
ond pixel electrode formed of a light-transmissible conduc-
tive material and is disposed on the passivation layer so as to
be respectively electrically connected to the plurality of first
pixel electrodes; an opposite electrode formed such that light
is transmitted and reflected therethrough and is disposed
opposite to the plurality of first pixel electrodes and the sec-
ond pixel electrode; and an organic layer interposed between
the plurality of first and second pixel electrodes and the oppo-
site electrode and including an emission layer.

[0015] The opposite electrode may comprise at least one
metal selected from the group consisting of Ag, Mg, Al, Pt,
Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, and alloys thereof.

[0016] Thesecond pixel electrode may be formed of at least
one metal oxide selected from the group consisting of ITO,
170, Zn0O, and In,0;.

[0017] The plurality of first pixel electrodes and the second
pixel electrode may be connected to each other.

[0018] Thereflection layer may comprise at least one metal
selected from the group consisting of Ag, Mg, Al, Pt, Pd, Au,
Ni, Nd, Ir, Cr, Li, Ca, and alloys thereof.

[0019] According to another aspect of the present inven-
tion, an organic light emitting display device comprises: a
substrate partitioned into a transmission area and a plurality
of first pixel areas that are spaced apart from one another
between the transmission area; a plurality of pixel circuit
units formed on a first surface of the substrate, each of the
pixel circuits comprising at least one TFT and being formed
in each of the plurality of first pixel areas; a passivation layer
covering the plurality of pixel circuit units and formed in the
transmission area and the plurality of first pixel areas; a plu-
rality of first pixel electrodes formed on the passivation layer
and respectively electrically connected to the plurality of
pixel circuits, the electrodes being overlapped with the plu-
rality of pixel circuits so as to cover the plurality of pixel
circuits and including a reflection layer formed of a light-
reflecting conductive material; a second pixel electrode
formed of a light-transmissible conductive material and dis-
posed on the passivation layer so as to be respectively elec-
trically connected to the plurality of first pixel electrodes; an
opposite electrode formed such that light is transmitted and
reflected therethrough and disposed opposite to the plurality
of first pixel electrodes and the second pixel electrode; and an
organic layer interposed between the plurality of first and
second pixel electrodes and the opposite electrode and
including an emission layer.
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[0020] The opposite electrode may comprise at least one
metal selected from the group consisting of Ag, Mg, Al, P,
Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, and alloys thereof.

[0021] Thesecond pixel electrode may be formed of at least
one metal oxide selected from the group consisting of ITO,
170, Zn0O, and In, 0.

[0022] The plurality of first pixel electrodes and the second
pixel electrode may be connected to each other.

[0023] Thereflection layer may comprise at least one metal
selected from the group consisting of Ag, Mg, Al, Pt, Pd, Au,
Ni, Nd, Ir, Cr, Li, Ca, and alloys thereof.

[0024] The organic light emitting display device may fur-
ther comprise a plurality of conductive lines electrically con-
nected to the plurality of pixel circuit units, wherein at least
one of the conductive lines is arranged to overlap with each of
the first pixel electrodes.

[0025] The passivation layer may be formed of a transpar-
ent material.

[0026] A second emission area, in which light is emitted
toward the substrate and the opposite electrode, may be dis-
posed in at least a portion of the transmission area corre-
sponding to the second pixel electrode.

[0027] A plurality of insulating layers may be disposed in
an area corresponding to the transmission area.

[0028] At least one of the plurality of insulating layers may
comprise an opening formed in at least an area of the second
pixel area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
Junction with the accompanying drawings, in which like ref-
erence symbols indicate the same or similar componernts,
wherein:

[0030] FIG. 1 is a cross-sectional view illustrating an
organic light emitting display device according to an embodi-
ment of the present invention;

[0031] FIG. 2 is a detailed cross-sectional view of the
organic light emitting display device of FIG. 1 according to an
embodiment of the present invention;

[0032] FIG. 3 is a detailed cross-sectional view of the
organic light emitting display device of FIG. 1 according to
another embodiment of the present invention;

[0033] FIG. 4 is a schematic view illustrating an organic
light emitting unit of FIG. 2 or FIG. 3 according to an embodi-
ment of the present invention;

[0034] FIG. 5 is a schematic view illustrating an organic
light emitting unit including a pixel circuit unit of FIG. 4
according to an embodiment of the present invention;
[0035] FIG. 6is adetailed plan view illustrating the organic
light emitting unit of FIG. 5 according to an embodiment of
the present invention;

[0036] FIG. 7 is a cross-sectional view illustrating the
organic light emitting display device of FIG. 6 along a line
A-A;

[0037] FIG. 8 is a detailed cross-sectional view illustrating
a first pixel area of FIG. 7 according to an embodiment of the
present invention;

[0038] FIG. 9 is adetailed cross-sectional view illustrating
a second pixel area of FIG. 7 according to an embodiment of
the present invention; and
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[0039] FIG. 10 is a cross-sectional view illustrating an
organic light emitting unit according to another embodiment
of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0040] The present invention will now be described more
fully with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown.

[0041] FIG. 1 is a cross-sectional view illustrating an
organic light emitting display device according to an embodi-
ment of the present invention.

[0042] Referring to FIG. 1, the organic light emitting dis-
play device includes a substrate 1 and a display unit 2 formed
on a first surface 11 of the substrate 1.

[0043] In the above-described organic light emitting dis-
play device, external light transmits through the substrate 1
and the display unit 2. The display unit 2 is a both emission
type light emitting unit, meaning an image is realized on two
surfaces, as shown in FIG. 1.

[0044] The display unit 2 is formed such that external light
may be transmitted therethrough as will be described later.
Referring to F1G. 1, from a side where an image is formed, the
user may view an image formed on an external lower surface
of the substrate 1.

[0045] FIG. 2 is a detailed cross-sectional view of the
organic light emitting display device of FIG. 1 according to an
embodiment of the present invention.

[0046] Thedisplay unit 2 includes an organic light emitting
unit 21 formed on the first surface 11 of the substrate 1 and a
sealing substrate 23 which seals the organic light emitting
unit 21.

[0047] The sealing substrate 23 is formed of a transparent
material, allows an image to be transmitted therethrough from
the organic light emitting unit 21, and prevents penetration of
air and water from outside into the organic light emitting unit
21.

[0048] The substrate 1 and the sealing substrate 23 are
coupled to each other using a sealing member 24 which is
formed on boundary portions of the substrate 1 and the seal-
ing substrate 23, thereby sealing a space 25 between the
substrate 1 and the sealing substrate 23.

[0049] FIG. 3 is a detailed cross-sectional view of the
organic light emitting display device of FIG. 1 according to
another embodiment of the present invention.

[0050] As illustrated in FIG. 3, a thin sealing film 26 is
formed on the organic light emitting unit 21 to protect the
organic light emitting unit 21 from air and water from outside.
The sealing film 26 may have a structure in which a layer
formed of an inorganic material, such as silicon oxide or
silicon nitride, and alayer formed of an organic material, such
as epoxy or polyimide, are alternately stacked, but is not
limited thereto. The sealing film 26 may have any sealing
structure which is a transparent thin film.

[0051] FIG. 4 is a schematic view illustrating the organic
light emitting unit 21 of FIG. 2 or FIG. 3 according to an
embodiment of the present invention, while FIG. 5 is a sche-
matic view illustrating the organic light emitting unit 21
including a pixel circuit unit of FIG. 4 according to an
embodiment of the present invention.

[0052] Referring to FIGS. 2 thru 5. the organic light emit-
ting unit 21 is formed on the substrate 1 which includes a
transmission area TA through which external light is trans-
mitted and a plurality of first pixel areas PA1 which are
separated between the transmission area TA. A plurality of
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second pixel area PA2 which are adjacent to the first pixel
areas PA1 are formed on at least a portion of the transmission
area TA. That is, in the second pixel areas PA2, external light
may be both transmitted and emitted.

[0053] Referring to FIG. 4, a pixel circuit unit PC is
included in each of the first pixel areas PA1, and a plurality of
conductive lines (e.g., scan lines S, datalines D, and Vdd lines
V) are electrically connected to the pixel circuit unit PC.
Although not shown in FIG. 4, other various conductive lines,
in addition to the scan lines S, data lines D, and Vdd lines 'V,
may be further included according to the configuration of the
pixel circuit unit PC.

[0054] Referring to FIG. 5, the pixel circuit unit PC
includes a first thin film transistor (TFT) TR1 connected to a
scan line S and a data line D, a second TFT TR2 connected to
the first TFT TR1 and a Vdd line V, and a capacitor Cst
connected to the first TFT TR1 and the second TFT TR2.
Here, the first TFT TR1 is a switching transistor, and the
second TFT TR2 is a driving transistor. The second TFT TR2
is electrically connected to a first pixel electrode 221.
Although the first TFT TR1 and the second TFT TR2 are
P-type transistors in FIG. 5, they are not limited thereto and at
least one of them may also be an N-type transistor. The
number of the TFTs and the capacitors Cst as described above
is not limited to the above embodiment. According to the
pixel circuit unit PC, two or more TFTs and one or more
capacitors Cst may be combined therein.

[0055] Referring to FIGS. 4 and 5, the scan line S, the data
line D, and the Vdd line V are arranged so as to overlap the
first pixel electrode 221. However, the embodiment of the
present invention is not limited thereto, and at least one of the
plurality of conductive lines, including the scan line S, the
dataline D, and the Vdd line V, may overlap with the first pixel
electrode 221, or all of the plurality of conductive lines,
including the scan line S, the data line D, and the Vdd line 'V,
may be arranged next to the first pixel electrode 221 accord-
ing to circumstances.

[0056] As will be described later, the first pixel area PA1
becomes an area in which top emission is performed with a
high optical outcoupling efficiency in each sub-pixel. Since
the pixel circuit unit PC is disposed in the area of the top
emission, the user may see an outside image through the
transmission area TA including the second pixel area PA2.
That is, since a conductive pattern of the pixel circuit unit PC,
which is one of the largest factors that decreases transmittiv-
ity of the transmission area TA, is not included in the trans-
mission area TA, the transmittivity of the transmission area
TA is further increased.

[0057] As described above, according to the current
embodiment of the present invention, the organic light emit-
ting unit 21 is divided into the first pixel area PA1 and the
transmission area TA, and most conductive patterns which
may reduce the total transmittivity of the organic light emit-
ting display device are disposed in the first pixel area PA1 so
as to increase the transmittivity of the transmission area TA,
thereby increasing the transmittivity of the whole area in
which an image is formed (the organic light emitting unit 21
of FIG. 2 or FIG. 3), compared to a conventional transparent
display device.

[0058] According to the current embodiment ofthe present
invention, the pixel circuitunit PC overlaps with the first pixel
area PA, and thus distortion of external images, which occurs
due to diffusion of external light in regard to patterns of
elements in the pixel circuit unit PC, may be prevented.
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[0059] Although conductive lines, including scan lines S,
data lines D, and Vdd lines V, may also be arranged across the
transmission area TA between the first pixel area PA and
another adjacent first pixel area PA1, these conductive lines
are very thin and can only be seen by close observation of the
user, and do not affect the total transmittivity of the organic
light emitting unit 21. Thus, it does not affect the manufacture
of a transparent display device. Also, even if the user may not
see a portion of an external image covered by the first pixel
area PA1, since the first pixel area PA1 is as an arrangement of
a plurality of dots on a surface of a transparent glass when
seen in regard to the whole display device, the user may see an
external image without any problem.

[0060] The first pixel electrode 221, which is electrically
connected to the pixel circuit unit PC, is included in the first
pixel area PA1, and the pixel circuit unit PC overlaps with the
first pixel electrode 221 so as to be covered by the first pixel
electrode 221. Also, at least one of the above-described con-
ductive lines, including the scan lines S, data lines D,and Vdd
lines V, may be arranged to pass the first pixel electrode 221.
Also, since the conductive lines barely reduce the transmit-
tivity of the organic light emitting display device compared to
the pixel circuit unit PC, all of the conductive lines may be
arranged adjacent to the first pixel electrode 221 according to
the design of the organic light emitting display device. The
first pixel electrode 221 includes a reflection layer formed of
a light-reflecting conductive metal as will be described later,
and thus the first pixel electrode 221 covers the pixel circuit
unit PC which overlaps with the reflection layer, and prevents
distortion of an external image due to the pixel circuit unit PC
in the first pixel area PA1.

[0061] Meanwhile, a second pixel electrode 222 is further
disposed in the transmission area TA to form the second pixel
area PA2. As will be described later, the second pixel elec-
trode 222 is formed of a light-transmissible metal oxide so
that external light may be transmitted through the second
pixel area PA2.

[0062] FIG. 6isadetailed plan view illustrating the organic
light emitting unit according to an embodiment of the present
invention, and shows the pixel circuit unit PC of F1G. 5, while
FIG. 7 is a cross-sectional view illustrating the organic light
emitting unit of FIG. 6 along a line A-A.

[0063] Referring to FIGS. 6 and 7, a buffer layer 211 is
formed on the first surface 11 of the substrate 1, and the first
TFT TR1, the capacitor Cst, and the second TFT TR2 are
formed on the buffer layer 211.

[0064] First, a first semiconductor active layer 212a and a
second semiconductor active layer 2125 are formed on the
buffer layer 211.

[0065] The buffer layer 211 prevents penetration of impu-
rities into the organic light emitting unit 21 and planarizes a
surface of the substrate 1, and may be formed of a material
that performs these functions. For example, the buffer layer
211 may be formed of an inorganic material such as a silicon
oxide, a silicon nitride, a silicon oxynitride, an aluminum
oxide, an aluminum nitride, a titanium oxide, or a titanium
nitride, or it may be formed of an organic material such as
polyimide, polyester, or acryl, or a stack of these materials.
Also, the buffer layer 211 may or may not be included accord-
ing to necessity.

[0066] The first semiconductor active layer 212q and the
second semiconductor active layer 2126 may be formed of
polysilicon, but are not limited thereto. The first semiconduc-
tor active layer 212a and the second semiconductor active
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layer 2125 may also be formed of an oxide semiconductor.
For example, the first semiconductor active layer 212a and
the second semiconductor active layer 2125 may be a G-I-
Z-0 layer [(In,0,)a(Ga,0,)b(ZnO)c layer] (a, b, and ¢ sat-
isfy a=0, b=0, and c>0).

[0067] A gate insulating layer 213 is formed on the buffer
layer 211 so as to cover the first semiconductor active layer
212¢ and the second semiconductor active layer 2125, and a
first gate electrode 2144 and a second gate electrode 2145 are
formed on the gate insulating layer 213.

[0068] An interlayer insulating layer 215 is formed on the
gateinsulating layer 213 so as to cover the first semiconductor
active layer 212q and the second semiconductor active layer
21254, and a first source electrode 216a, a first drain electrode
2174, a second source electrode 2165, and a second drain
electrode 2174 are formed on the interlayer insulating layer
215 so as to contact the first semiconductor active layer 212«
and the second semiconductor active layer 2125 via a contact
hole.

[0069] Referring to FIG. 7, the scan line S may be formed at
the same time that the first gate electrode 214¢ and the second
gate electrode 214b are formed. Also, the data line D is
formed when the first source electrode 2164 is formed and is
connected to the first source electrode 216a, and the Vdd line
V is formed when the second source electrode 2165 is formed
and is connected to the second source electrode 2165.
[0070] A bottom electrode 220a of the capacitor Cst is
formed at the same time that the first gate electrode 214¢ and
the second gate electrode 2144 are formed, and a top elec-
trode 2205 of the capacitor Cstis formed at the same time that
the first electrode 217a is formed.

[0071] Thefirst TFT TR1, the capacitor Cst, and the second
TFT T2 are not limited thereto, and other various structures
thereof may also be formed. For example, the first TFT TR1
and the second TFT T2 described above have a top gate
structure, but they may also have a bottom gate structure in
which the first gate electrode 2144 and the second gate elec-
trode 21454 are disposed below the first semiconductor active
layer 212a and the second semiconductor active layer 2125,
Also, other various TFT structures different from those
described above may be used.

[0072] A passivation layer 218 is formed to cover the first
TFT TR1, the capacitor Cst, and the second TFT T2. The
passivation layer 218 may be a single insulating layer or a
multi-layer insulating layer having a planarized upper sur-
face. The passivation layer 218 may be formed of an inorganic
and/or an organic material.

[0073] Asillustrated in FIGS. 6 and 7, a first pixel electrode
221 is formed on the passivation layer 218 so as to cover the
first TFT TR1, the capacitor Cst, and the second TFT T2. The
first pixel electrode 221 is connected to the second drain
electrode 2175 of the second TFT TR2 by a via hole 218a
formed in the passivation layer 218.

[0074] The second pixel electrode 222 is formed on the
passivation layer 218 adjacent to the first pixel electrode 221.
The first pixel electrode 221 and the second pixel electrode
222 are preferably connected to each other. As illustrated in
FIG. 6, a connection structure of the first pixel electrode 221
and the second pixel electrode 222 is formed in each pixel as
an isolated island.

[0075] A pixel defining layer 219 is formed on the passiva-
tion layer 218 so as to cover edges of the first pixel electrode
221 and the second pixel electrode 222. An organic layer 223
and an opposite electrode 224 are sequentially stacked on the
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first pixel electrode 221. The opposite electrode 224 may be
formed over the whole first and second pixel areas PA1 and
PA2, respectively, and the transmission area TA.

[0076] The organic layer 223 may be formed of a small
molecular organic layer or a polymer organic layer. When
formed of the small molecular organic layer, the organic layer
223 may be formed of a single layer formed of a hole injection
layer (HIL), a hole transporting layer (HTL), an emission
layer (EML), an electron transporting layer (ETL), an elec-
tron injecting layer (FIL) or a multi-layer structure including
these. Examples of organic materials of the small molecular
organic layer include copper phthalocyanine (CuPc), N,N'-
Di(naphthalene-1-y1)-N,N'-diphenyl-benzidine (NPB), and
tris-8-hydroxyquinoline aluminum) (Alq3). The small mol-
ecule organic layer may be formed by using a vacuum depo-
sition method. The EML is formed in each of red, green, and
blue pixels, and the HIL, the HTL, the ETL, and the EIL are
common layers shared by the red, green, and blue pixels.
Accordingly, as illustrated in FIG. 7, the HIL, the HTL, the
ETL, and the EIL are formed to cover the whole first and
second pixel areas PA1 and PA2 and the transmissionarea TA,
just as the opposite electrode 224 is formed.

[0077] The first pixel electrode 221 and the second pixel
electrode 222 may function as an anode electrode, and the
opposite electrode 2244 may function as a cathode, or the
polarities of the first and second pixel electrodes 221 and 222,
respectively, and the opposite electrode 224 may be
exchanged.

[0078] The first pixel electrode 221 has a size correspond-
ing to the first pixel area PA1 of each pixel. The second pixel
electrode 222 has a size corresponding to the second pixel
area PA2 of each pixel.

[0079] The opposite electrode 224 may be formed of a
common electrode so as to cover all pixels of the organic light
emitting unit 21.

[0080] According to the current embodiment of the present
invention, the first pixel electrode 221 may include a reflec-
tion layer, and the opposite electrode 224 may be a semi-
transmissive, semi-reflecting electrode. Accordingly, the first
pixel area PA1 is a top emission type area in which an image
is formed toward the opposite electrode 224.

[0081] To this end, the first pixel electrode 221 may include
areflection layer formed of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, I,
Cr, Li, Ca, and a compound thereof, and a metal oxide layer
formed of 1TO, 170, ZnO, or In,O; having a high work
function. The opposite electrode 224 may be formed of a
metal having a small work function, e.g., Ag, Mg, Al, Pt, Pd,
Au, Ni, Nd, Ir, Cr, Li, Ca, or an alloy thereof. The opposite
electrode 224 may be formed of a thin film having a thickness
of 100 to 300 A. A transparent protection layer (not shown)
may be further formed on the opposite electrode 224.

[0082] When the first pixel electrode 221 is a reflective
electrode, the pixel circuit unit PC disposed therebelow is
covered by the first pixel electrode 221. Accordingly, from an
upper left side of the opposite electrode 224 of F1G. 7, the user
may not see patterns of the first TFT TR1, the capacitor Cst,
and the second TFT TR2.

[0083] Also, due to the first pixel electrode 221, which is a
reflective electrode, light is emitted only to the user above the
opposite electrode 224. Accordingly, the amount of light lost
toward the opposite side of the user may be reduced. In
addition, as described above, the first pixel electrode 221
covers various patterns of the pixel circuit unit PC therebelow,
and thus the user may see a clearer transmission image.
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[0084] Meanwhile, the second pixel electrode 222 is
formed of a transparent electrode. The second pixel electrode
222 may be formed of a metal oxide layer, for example, ITO,
170. 7n0, or In,0O; having a high work function without a
reflection layer as described above. As the second pixel elec-
trode 222 is transparent, the user may see a transmission
image below the substrate 1 through the second pixel area
PA2.

[0085] Thesecond pixel electrode 222 may be formed at the
same time that the first pixel electrode 221 is formed by
patterning a transparent metal oxide layer of the first pixel
electrode 221, except the reflection layer, so as to be extended
to the second pixel electrode 222.

[0086] The passivation layer 218, the gate insulating layer
213, the interlayer insulating layer 215, and the pixel defining
layer 219 are preferably formed of transparent insulating
layers. The substrate 1 has a transmittivity which is smaller
than or the same as the total transmittivity of the insulating
layers.

[0087] FIG. 8 is a detailed cross-sectional view illustrating
a first pixel area of FIG. 7 according to an embodiment of the
present invention, and FIG. 9 is a detailed cross-sectional
view illustrating a second pixel area of FIG. 7 according to an
embodiment of the present invention.

[0088] The first pixel electrode 221 may be formed of a
stack including a first transparent conductive layer 221a, a
reflection layer 2215, and a second transparent conductive
layer 221¢. The first transparent conductive layer 221a and
the second transparent conductive layer 221¢ may be formed
of ITO, IZ0, ZnO, or In,0O; having a high work function. The
reflection layer 2215 may be formed of Ag, Mg, Al, Pt, Pd,
Au, Ni, Nd, Ir, Cr, Li, Ca or a compound thereof as described
above.

[0089] An organic layer 223 including a first functional
layer 223a, an emission layer 223b, and a second functional
layer 223¢ is formed on the first pixel electrode 221, and an
opposite electrode 224 is formed on the organic layer 223.
[0090] The first functional layer 223a may include an HIL
and an HTL, and the second functional layer 223¢ may
include an EIL, and an ETL.

[0091] A distance t between a surface of the reflection layer
2214 and the opposite electrode 224 is adjusted to form opti-
cal resonance with respect to a wavelength of light emitted
from the emission layer 2235. Accordingly, the distance t may
vary according to the red, green, and blue pixels. In order to
adjust the distance t for generating optical resonance, an
auxiliary layer (not shown) which allows the distance t to vary
according to the color of the pixels may be further formed on
the first functional layer 223a and/or the second functional
layer 223c.

[0092] The first pixel area PA1 having the above-described
structure is a top emission type area in which an image is
formed toward the opposite electrode 224, and an optical
outcoupling efficiency thereof may be maximized by adjust-
ing the distance t so as to generate optical resonance.

[0093] Meanwhile, the second pixel electrode 222 is
formed of only a transparent conductive material without a
reflection layer as described above. Accordingly, at least one
of the first transparent conductive layer 221a and the second
transparent conductive layer 221¢ of the first pixel electrode
221 may be extended to form the second pixel electrode 222.
[0094] The organic layer 223, including a first functional
layer 223a, an emission layer 2235, and a second functional
layer 223¢, is formed on the second pixel electrode 222, and
an opposite electrode 224 is formed on the organic layer 223.
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[0095] Since the second pixel electrode 222 of the second
pixel area PA2 does not include a reflection layer, an optical
resonance distance as described above does not need to be
adjusted. Also, the second pixel area PA2 is a both (top and
bottom) emission type area which forms an image toward the
opposite electrode 224 and the second pixel electrode 222.
Accordingly, when the display unit 2 operates, the second
pixel area PA2 forms an image as a both emission type area,
and when the display unit 2 does not operate, the second pixel
area PA2 is a transmission area through which an external
image is transmitted. Also, since the second pixel area PA2
does not use optical resonance, the optical outcoupling effi-
ciency thereof is decreased. Due to these characteristics, the
user may view an external transmission image through the
second pixel area PA2, even when the display unit 2 operates.
[0096] Accordingly, when the position of the user is above
the opposite electrode 224, the user may view a clear and
bright image with a high optical outcoupling efficiency
through the first pixel area PA1, and may also view a vague
external transmission image through the second pixel area
PA2 at the same time.

[0097] Meanwhile, according to the current embodiment of
the present invention, in order to further increase transmittiv-
ity of the transmission area TA and prevent optical interfer-
ence due to multi-layer transparent insulating layers in the
transmission area TA and a decrease in color purity, and
discoloration due to the optical interference, an opening 229
is formed in at least a portion of the insulating layers in at least
an area corresponding to the second pixel area PA2.

[0098] According to the current embodiment of the present
invention, the area of the transmission area TA needs to be
increased or transmittivity of materials formed in the trans-
mission area TA needs to be increased in order to increase
transmittivity of external light of the transmission area TA.
However, it is difficult to increase the area of the transmission
area TA due to restrictions in the design of the pixel circuit
unit PC. Consequently, the transmittivity of the materials
formed in the transmission area TA needs to be increased.
However, itis also difficult to increase the transmittivity of the
materials due to the limitations in terms of development of the
materials. In addition, since the second pixel area PA2 mostly
occupies the area of the transmission area TA, it is difficult to
increase the transmittivity of external light through the trans-
mission area TA.

[0099] Accordingly, according to the current embodiment
of the present invention, an opening 229 (described below in
connection with FIG. 10) is formed in at least a portion of the
insulating layers in at least an area corresponding to the
second pixel area PA2.

[0100] FIG. 10 is a cross-sectional view illustrating an
organic light emitting unit according to another embodiment
of the present invention.

[0101] Referring to FIG. 10, in the organic light emitting
unit 21, the opening 229 1s formed in the passivation layer 218
which covers the pixel circuit unit PC. In FIG. 10, the opening
229 is formed in the passivation layer 218, but the present
invention is not limited thereto. Also, openings that are con-
nected to the opening 229 may be further formed in at least
one of the interlayer insulating layer 215, the gate insulating
layer 213, and the buffer layer 211 to thereby further increase
the transmittivity of the transmission area TA. Provided that
the opening 229 does not contact the scan line S, the data line
D, and the Vdd line V, the opening 229 may preferably be
formed as wide as possible.
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[0102] According to the present invention, a transparent
organic light emitting display device having an increased
transmittivity with respect to external light and an increased
optical outcoupling efficiency during double-sided light
emission is obtained.

[0103] Also, a transparent organic light emitting display
device inwhich diffusion of light being transmitted is reduced
to prevent distortion of a transmission image is obtained.
[0104] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and detail may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

What is claimed is:

1. An organic light emitting display device, comprising:

a substrate;

a plurality of thin film transistors (TFTs) formed on a first
surface of the substrate;

a passivation layer covering the plurality of TFTs;

a plurality of first pixel electrodes formed on the passiva-
tion layer and respectively electrically connected to the
plurality of TFTs, said first pixel electrodes overlapping
with the plurality of TFTs so as to cover the plurality of
TFTs, said first pixel electrodes including a reflection
layer formed of a light-reflecting conductive material;

a second pixel electrode formed of a light-transmissible
conductive material and disposed on the passivation
layer so as to be respectively electrically connected to
the plurality of first pixel electrodes;

an opposite electrode formed so that light is transmitted
and reflected therethrough, said opposite electrodes
being disposed opposite to the plurality of first pixel
electrodes and the second pixel electrode; and

an organic layer interposed between the plurality of first
and second pixel electrodes and the opposite electrode,
and including an emission layer.

2. The organic light emitting display device of claim 1,
wherein the opposite electrode comprises at least one metal
selected from the group consisting of Ag, Mg, Al, Pt, Pd, Au,
Ni, Nd, Ir, Cr, Li, Ca, and alloys thereof.

3. The organic light emitting display device of claim 1,
wherein the second pixel electrode is formed of at least one
metal oxide selected from the group consisting of ITO, IZ0,
710, and In,0O;.

4. The organic light emitting display device of claim 1,
wherein the plurality of first pixel electrodes and the second
pixel electrode are connected to each other.

5. The organic light emitting display device of claim 1,
wherein the reflection layer comprises at least one metal
selected from the group consisting of Ag, Mg, Al, Pt, Pd, Au,
Ni, Nd, Ir, Cr, Li, Ca, and alloys thereof.

6. An organic light emitting display device, comprising:

asubstrate which is partitioned into atransmission area and
a plurality of first pixel areas which are spaced apart
from one another between the transmission area;

a plurality of pixel circuit units formed on a first surface of
the substrate, each of said pixel circuits comprising at
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least one thin film transistor (TFT) and being formed in
each of the plurality of first pixel areas;

a passivation layer covering the plurality of pixel circuit
units and formed in the transmission area and the plu-
rality of first pixel areas;

a plurality of first pixel electrodes formed on the passiva-
tion layer and respectively electrically connected to the
plurality of pixel circuits, said first pixel electrodes over-
lapping with the plurality of pixel circuits so as to cover
the plurality of pixel circuits, and said first pixel elec-
trodes including a reflection layer formed of a light-
reflecting conductive material;

a second pixel electrode formed of a light-transmissible
conductive material and disposed on the passivation
layer so as to be respectively electrically connected to
the plurality of first pixel electrodes;

an opposite electrode formed so that light is transmitted
and reflected therethrough, said opposite electrode
being disposed opposite the plurality of first pixel elec-
trodes and the second pixel electrode; and

an organic layer interposed between the plurality of first
and second pixel electrodes and the opposite electrode,
and including an emission layer.

7. The organic light emitting display device of claim 6,
wherein the opposite electrode comprises at least one metal
selected from the group consisting of Ag, Mg, Al, Pt, Pd, Au,
Ni, Nd, Ir, Cr, Li, Ca, and alloys thereof.

8. The organic light emitting display device of claim 6,
wherein the second pixel electrode is formed of at least one
metal oxide selected from the group consisting of ITO, 170,
Zn0, and In,0;.

9. The organic light emitting display device of claim 6,
wherein the plurality of first pixel electrodes and the second
pixel electrode are connected to each other.

10. The organic light emitting display device of claim 6,
wherein the reflection layer comprises at least one metal
selected from the group consisting of Ag, Mg, Al, Pt, Pd, Au,
Ni, Nd, Ir, Cr, L1, Ca, and alloys thereof.

11. The organic light emitting display device of claim 6,
further comprising a plurality of conductive lines electrically
connected to the plurality of pixel circuit units, wherein at
least one of the conductive lines is arranged to overlap with
each of the first pixel electrodes.

12. The organic light emitting display device of claim 6,
wherein the passivation layer is formed of a transparent mate-
ral.

13. The organic light emitting display device of claim 6,
further comprising a second emission area in which light is
emitted toward the substrate and the opposite electrode, and
which is disposed in at least a portion of the transmission area
corresponding to the second pixel electrode.

14. The organic light emitting display device of claim 13,
further comprising a plurality of insulating layers disposed in
an area corresponding to the transmission area.

15. The organic light emitting display device of claim 14,
wherein at least one of the plurality of insulating layers com-
prises an opening formed in at least an area of the second pixel
area.
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