US008039841B2

a2y United States Patent (10) Patent No.: US 8,039,841 B2
Park 45) Date of Patent: Oct. 18, 2011
(54) ORGANIC LIGHT EMITTING DIODE 2006/0244696 Al* 11/2006 Jungetal. ............c....... 345/77
DISPLAY 2007/0264899 Al* 11/2007 Kumagai ..... .. 445/24
2007/0295961 Al* 12/2007 Kim ........... .. 257/40
. 2008/0006827 Al* 1/2008 Shimetal. ... . 257/72
(75) 1Inventor: Seung-Kyu Park, Hwaseong-si (KR) 2008/0100228 Al* 52008 Park wovvoovooin, . 315/1693
. 2008/0309233 Al* 12/2008 Hasegawaetal. ........... 313/505
(73) Assignee: Samsung Electronics Co., Ltd. (KR) 2009/0079921 Al* 3/2009 Morietal. ..o 349/114
2009/0102996 Al* 4/2009 Chenetal. ... 349/43
w - . NPT .
(*) Notice: Sub]ect. to any dlsclalmer,. the term of this FOREIGN PATENT DOCUMENTS
patent is extended or adjusted under 35
U.S.C. 154(b) by 31 days. JP 2005062400 3/2005
Jp 2006278257 10/2006
Jp 2007066774 3/2007
(21) Appl No.: 12/347,053 JP 2007234581 9/2007
. KR 100600882 7/2006
(22) Filed: Dec. 31, 2008 KR 1020070004718 1/2007
KR 100685424 2/2007
(65) Prior Publication Data KR 100696491 3/2007
KR 1020070079946 8/2007
US 2010/0025664 Al Feb. 4, 2010 * cited by examiner
(30) Foreign Application Priority Data Primary Examiner —Matthew Smith
Jul. 29,2008 (KR) weovoveeereeee 10-2008-0073936 ~ Assistant Examiner — Michele Fan
(74) Attorney, Agent, or Firm — Cantor Colburn LLP
(51) Imt.Cl
HOIL 27/32 (2006.01) (7) ABSTRACT
HOIL 51/50 (2006.01) Anorganic light-emitting diode (“OLED”) display includes a
(32) US.CL . 257/59; 257/40; 257/E51.022; first thin film transistor disposed on a substrate; a first insu-
) o 257/E33.001; 438/34 lating layer disposed on the first thin film transistor; a reflec-
(58) Field of Classification Search .................... 257/40, tive electrode disposed on the first insulating layer; a common
257/59, E51.018, E51.022, E33.001, E33'05 5, voltage line disposed on the first insulating layer and sepa-
S lication file f ! 257/ E3h3 £62 : 438/34 rated from the reflective electrode; a second insulating layer
ee application file for complete search history. disposed on the reflective electrode and the common voltage
. line; a pixel electrode disposed on the second insulating layer
(56) References Cited and electrically connected to the first thin film transistor; an
U.S. PATENT DOCUMENTS organic light-emitting member disposed on the pixel elec-
vx ) trode; and a common electrode disposed on the organic light-
20027/‘0609421521 i‘l ¥ 3;%8(1)2 gvnzk f::?zlfl “““““““““““ 23759 emitting member, wherein the common voltage line is elec-
20020149724 AL* 102002 Kawachietal, . trically connected to the common electrode.
2005/0134770 Al*  6/2005 Choi ..o
2006/0001366 Al* 12006 Chungetal. ............... 313/506 14 Claims, 17 Drawing Sheets

2

52 335 340 184 270 191 150q 180p 1960 370 345 3

180

L

L TR

|
] |
121171 163a154a124a\ 175a 140 124b172 127

Qs 173b

—

=
,/h
L
]
_'//
"]
|

163b> )154b 165b  175b 110

/124
Qd °



U.S. Patent Oct. 18, 2011 Sheet 1 of 17 US 8,039,841 B2
172 172
332 332
171 171 171
L 2 L 2
PX Cst
— [ Qd
J LD
Qs L[ DI
I

121 1

121




U.S. Patent Oct. 18, 2011 Sheet 2 of 17 US 8,039,841 B2

FIG.2
v |

/ﬁ% ~
7 7

191 \%
370\_4%&

N

il 331
r—191

NN

R

171«3%
T

8

e

175b L] i A0 173
45 WU 7
165 %% ot
15424 |4 7
12424 b %
IV 366 A Al eettiid é
i o L=
L 72 77
Mo T Al
Qs ’
191 1732 17)5;8533\35184



U.S. Patent Oct. 18, 2011 Sheet 3 of 17 US 8,039,841 B2

FIG.3
| I ]
7 _7_
{31
191
M~
[P

N\

345 %/7

IS

W6 |
%\h 7727 70 ZIEIZ

/ 335
306 346

(%]



US 8,039,841 B2

Sheet 4 of 17

Oct. 18, 2011

U.S. Patent

eé_oo aeLl SP)

1ZL oyl 0Ll ﬁ: ﬁe#m_ ﬂm@;a;:@ﬁ vl eg/l /ﬁ_@m_mmf LLL 121
[ \ f / // [ /| f | ( [/ ||
— 1 __ Sl AN

u \ V \ ri T A /ﬁ [ 1 /7 J \
fOAT AN T T T N ]
760 z”m « _/mm m“m OAB HLE Qo,m_gwe _MSMN s_: o_ﬁa mwm egg| mmol mwtwwm

cop e NN 99€ 9¥€ 9G¢
V' OIA



US 8,039,841 B2

Sheet Sof 17

Oct. 18, 2011

U.S. Patent

| s
Jﬁmigw\m_ oFl eg/1 /mqmﬁmwm_mmm_ LLL 12)

_#N_n
lel  Orl  OLlL nm: nm@_gvm_ T 91

\ | A ] ] Y _\ _\ ‘V , N ! _
” \ / \ A ‘ ao,m—_oﬁwmr :M—OMN ¥81 oF f m | A \

260 19¢ cop 1€€  GFE 0L€ 9681 ook e bE GEE BGBL | 269] | EE/) ZEE 99¢ gpe 9

081 G9g ~ 19¢

S DIA



US 8,039,841 B2

Sheet 6 of 17

Oct. 18, 2011

U.S. Patent

FIG.6

332




U.S. Patent Oct. 18, 2011 Sheet 7 of 17 US 8,039,841 B2

110

FIG.7
L
a7 12k

124b

124a




U.S. Patent Oct. 18, 2011 Sheet 8 of 17 US 8,039,841 B2

110

\

164b

IR
124b 154b

FIG.8
L
127 /

124b

|
o

164a
g:I I\\\
[ ]
154a 124a




are | €Ll
@m: gm@_#m_ n@_Tw_w:#\N_ OFl ©GL1  epglepSl egol 4

T 2 JEERENARY
SN

BGO  BELI

US 8,039,841 B2
i

T

Sheet 9 of 17

Oct. 18, 2011

6 DI

U.S. Patent



o

=]

2 ozl 9ELL

& 1zl opL 04l Qm: ﬁmoz%_ %_TNZE_&_ OVl BGLL  eygleyGlee9l  LL| 17

& | [ T O A S [/ L/

w )

- | ///::::ii
7 T .m \ ./ ! \\ ‘/\\\lﬁ/\ __ // i \\\ Z \ |

-

: / x o

= 9881 dggy bog| 781 ecgl egol egL

m J\I\

7 081

<

8

U.S. Patent



US 8,039,841 B2

Sheet 11 of 17

Oct. 18, 2011

U.S. Patent

arz 1 €Ll
Izl Oyl 0l Qm: @m@zg_ QM@_TNZ:Q_&_ Ol BGLl  epglepGlegdl LI I3l
f f f / //J :\:IJ f f f\ /w
L ! __L \/‘\ ./\1\ ,.. r/‘,\\.\\\ 3\ |
58l dpg bog| ¥81 BGgl ©BGO| EgL|
—
081



US 8,039,841 B2

Sheet 12 of 17

Oct. 18, 2011

U.S. Patent

are ! PO qgr SO

_\N_ 9“1 ob: nm: gm@_gqm— gmo_ﬂmw_w:n_dm_ ow— mmﬁ: /mwmm_m_“fm\m@_ _ﬂ__m_

_///

—

7 U

V8l BGBL ©BG9l EBEL|

9981 dpg) bogy

fJ\|k
081

cl'DIA



US 8,039,841 B2

Sheet 13 of 17

Oct. 18, 2011

U.S. Patent

A#N— qeLl SO
l¢l Okl O}l nm: nmo—nwm— nmo ﬁ ¢LLavcl Ol eGl| /m¢m—m¢m—mmo— LLL Ll

I B S AR |

SN Y|

—_—f

Nwm :ﬂ, 981 dgg) bog vgL Gee ©G8l ea9l eELL €
fJ.\|\
081
¢l DIAd



aye | PO gLl sP

JN_ o“l oF: gm: nm@_#m_ nmm_T\N_W:ndm_ omﬁ mJ: /m¢m_m¢m_mmm_ yANYA

u /_ bl o)

US 8,039,841 B2

AN
_MMTZ S

Gk 4581  dpg| bogl ove v81  G6¢ 68l ®Y9l eg/l zge
2ot e 9%e
081

Sheet 14 of 17

Oct. 18, 2011

v1DId

U.S. Patent



US 8,039,841 B2

Sheet 15 of 17

Oct. 18, 2011

U.S. Patent

are |l PO qg/ | sP

_w_ o“l oF: Qm: gmm—gwm— gmo_T\N_W:ﬁMNF o“: mmA: /mvw_mv\m_m\mo— *_F\N_

m / // AL

—
Nmm _mm Ghe Qmm_ d Uﬁ \ « M m%m SW_ \LE mm/: Nmum
081 bogl 161 OFE ¥81 ovE 9Ge
08l
SI DIA



US 8,039,841 B2

Sheet 16 of 17

Oct. 18, 2011

U.S. Patent

n__NN__UO 9/l | 9]
1¢1 orl OlLl sz nmo—nwm— gmo;mm_ ¢L1ayel OFl eGl| /m#m—mwm— ECOL  LLL 1¢]
\ \ f / // / A S / [/ L/
T 7 T __ \ Fi L T J 7 T \\/ \\\I) N\ 7
¢ Gpe  qgg) 9081 P08L 161 gl gee e | \
260 19¢ cop Jom_L 0ve Sg¢ mm_mmm mmm__mmmm: 26¢ 99¢ ope gce



0
q

qgL | s
@L (7l 9bTL OFl ©5LL /gw_@m_m%_ VAR
S S [/ _

avel
lel Okl O} Qmi nmo_@m_

\ [

_///

US 8,039,841 B2

—

i‘\———————\\ =

L ——Tn
J
|
|
!
|
!

m v \ v \ AN i i Fi / ] 1Y 7/

5 AT AN T T T AT T T IN [
jf/\A¥,,,/,,,\,_/A\ﬂm

dgg| b

- ece 19¢ mhm I€8 GvE 0LE 9481 omhm_om:m;m w\ b8l OVE GEE mmw_m@mmm@_ eg/l 19¢ €£€ QL2

z

=

o

~ .

A L1"DIA

X

-



US 8,039,841 B2

1
ORGANIC LIGHT EMITTING DIODE
DISPLAY

This application claims priority to Korean Patent Applica-
tion No. 10-2008-0073936, filed on Jul. 29, 2008, and all the
benefits accruing therefrom under 35 U.S.C. §119, the con-
tents of which in its entirety are herein incorporated by ref-
erence.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

This disclosure relates to an organic light-emitting diode
(“OLED”) display.

(2) Description of the Related Art

An OLED display includes a plurality of organic light-
emitting elements and a plurality of thin film transistors
(“TFT”s), which control the organic light-emitting elements.
A TFT includes a plurality of thin films and can be disposed
at a lower side of an OLED display, while an organic light-
emitting element can be disposed at an upper side of the
OLED display. An anode of the organic light-emitting ele-
ment can be disposed at the lower side of the OLED display,
and a cathode of the organic light-emitting element can be
disposed at the upper side of the OLED display.

An OLED display may be classified as a top emission type,
which emits light upward, and a bottom emission type, which
emits light downward. In a bottom emission OLED display,
an area where light is emitted is decreased due to the TFTs
disposed under the organic light-emitting elements, therefore
the top emission type can have a more desirable aperture ratio.
Also, a bottom emission OLED display caninclude a spot due
to optical interference, which can occur when light passes
through the thin films. A top emission OLED display includes
very few thin films on the light path, thus substantially reduc-
ing or preventing a spot.

Identifying a suitable transparent material that satisfies the
work function requirements for a cathode in a top emission
OLED display is difficult. Therefore a very thin film of an
opaque metal can be disposed for use as the cathode while
allowing for the passage of light. A resistance of a very thin
film cathode can be large. To address the high resistance of a
thin film cathode, an additional common voltage line for
transmitting a common voltage can be disposed on the sub-
strate and electrically connected to the cathode of the organic
light-emitting element.

However, manufacturing a common voltage line separately
from the cathode can be difficult, and an aperture ratio may be
reduced due to the area occupied by the common voltage line.

BRIEF SUMMARY OF THE INVENTION

The above described and other drawbacks are alleviated by
an organic light-emitting diode (“OLED”) display including:
a first thin film transistor disposed on a substrate; a first
insulating layer disposed on the first thin film transistor; a
reflective electrode disposed on the first insulating layer; a
common voltage line disposed on the first insulating layer and
separated from the reflective electrode; a second insulating
layer disposed on the reflective electrode and the common
voltage line; a pixel electrode disposed on the second insu-
lating layer and electrically connected to the first thin film
transistor; an organic light-emitting member disposed on the
pixel electrode; and a common electrode disposed on the
organic light-emitting member, wherein the common voltage
line is electrically connected to the common electrode.
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Also disclosed is an OLED wherein the second insulating
layer has a first contact hole which exposes the common
voltage line, and the common electrode is electrically con-
nected to the common voltage line through the first contact
hole.

Also disclosed is an OLED further including a second thin
film transistor disposed under the first insulating layer, and a
connection member disposed on the first insulating layer and
electrically connecting the first thin film transistor and the
second thin film transistor.

Also disclosed is an OLED wherein the pixel electrode
overlaps the reflective electrode and the connection member.

Also disclosed is an OLED display further including a gate
line and a data line disposed under the first insulating layer,
the gate line and the data line electrically connected to the
second thin film transistor, wherein the common voltage line
overlaps the gate line and the data line. In an embodiment, the
common voltage line overlaps the second thin film transistor.

Also disclosed is an OLED display further including a
contact assistance member disposed on the second insulating
layer, the contact assistance member contacting the common
voltage line and the common electrode.

Also disclosed is an OLED wherein the common voltage
line includes a net-like shape, and the reflective electrode is
disposed in a region defined by the net-like shape.

Also disclosed is an OLED wherein the common electrode
includes a metal.

In yet another exemplary embodiment, a method for manu-
facturing an OLED display includes: forming a thin film
transistor including a control electrode, an input electrode,
and an output electrode on a substrate; depositing a passiva-
tion layer on the thin film transistor; patterning the passiva-
tion layer to form a first contact hole which exposes the output
electrode; forming a reflective electrode electrically con-
nected to the output electrode through the first contact hole;
forming a common voltage line separated from the reflective
electrode and on the passivation layer; depositing an insulat-
ing layer on the reflective electrode and the common voltage
line; patterning the insulating layer to form a second contact
hole, which exposes a portion of the reflective electrode; and
patterning the insulating layer to form a third contact hole,
which exposes a portion of the common voltage line; forming
a pixel electrode electrically connected to the reflective elec-
trode through the second contact hole; forming an organic
light-emitting member on the pixel electrode; and forming a
common electrode electrically connected to the common
voltage line through the third contact hole.

Also disclosed is a method for manufacturing an organic
light-emitting diode display including: forming a thin film
transistor including a control electrode, an input electrode,
and an output electrode on a substrate; depositing a passiva-
tion layer on the thin film transistor; patterning the passiva-
tion layer to form a first contact hole, which exposes the
output electrode, and a second contact hole, which exposes
the input electrode; forming a reflective electrode electrically
connected to the output electrode through the first contact
hole; forming a driving voltage line electrically connected to
the input electrode through the second contact hole; deposit-
ing an insulating layer on the reflective electrode and the
driving voltage line; patterning the insulating layer to form a
third contact hole which exposes a portion of the reflective
electrode; forming a pixel electrode electrically connected to
the reflective electrode through the through the third contact
hole; forming an organic light-emitting member on the pixel
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electrode; and forming a common electrode on the organic
light-emitting member and the insulating layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an equivalent circuit diagram showing an exem-
plary embodiment of an organic light-emitting diode
(“OLED”) display;

FIG. 2 is a plan view showing an exemplary embodiment of
an OLED display;

FIG. 3 is a plan view showing an exemplary embodiment of
a portion of the OLED display shown in FIG. 2;

FIG. 4 is a cross-sectional view showing an exemplary
embodiment of the OLED display shown in FIG. 2 taken
along line TV-1V;

FIG. 5 is a cross-sectional view showing another exem-
plary embodiment of the OLED display shown in FIG. 2
taken along line IV-1V;

FIG. 6 is a plan view showing another exemplary embodi-
ment of an OLED display;

FIG. 7 to FIG. 16 are cross-sectional views showing exem-
plary embodiments of intermediate steps of a manufacturing
process of the OLED display shown in FIG. 2 to FIG. 5; and

FIG. 17 is a cross-sectional view showing another exem-
plary embodiment of an OLED display.

DETAILED DESCRIPTION OF THE INVENTION

The invention will be described more fully hereinafter with
reference to the accompanying drawings, in which exemplary
embodiments are shown. As those skilled in the art would
realize, the described embodiments may be modified in vari-
ous different ways, all without departing from the spirit or
scope of the invention.

In the drawings, the thickness of layers, films, panels,
regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

It will be understood that, although the terms first, second,
third, etc., may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer, or section from
another region, layer or section. Thus, a first element, com-
ponent, region, layer, or section discussed below could be
termed a second element, component, region, layer, or section
without departing from the teachings of the present invention.

Spatially relative terms, such as “lower,” “under,” “upper”
and the like, may be used herein for ease of description to
describe the relationship of one element or feature to another
element(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms are intended to
encompass different orientations of the device in use or
operation, in addition to the orientation depicted in the fig-
ures. For example, if the device in the figures is turned over,
elements described as “lower” or “under” relative to other
elements or features would then be oriented “upper” or “over”
relative to the other elements or features. Thus, the exemplary
term “‘under” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
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degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

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

Embodiments are described herein with reference to cross-
section illustrations that are schematic illustrations of ideal-
ized embodiments (and intermediate structures) of the inven-
tion. As such, variations from the shapes of the illustrations as
a result, for example, of manufacturing techniques and/or
tolerances, are to be expected. Thus, embodiments should not
be construed as limited to the particular shapes of regions
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing.

For example, an implanted region illustrated as a rectangle
will, typically, have rounded or curved features and/or a gra-
dient of implant concentration at its edges rather than a binary
change from implanted to non-implanted region. Likewise, a
buried region formed by implantation may result in some
implantation in the region between the buried region and the
surface through which the implantation takes place. Thus, the
regions illustrated in the figures are schematic in nature and
their shapes are not intended to illustrate the actual shape of a
region of a device and are notintended to limit the scope of the
invention.

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

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

The invention will be described more fully hereinafter with
reference to the accompanying drawings, in which exemplary
embodiments of the invention are shown.

An organic light-emitting diode (“OLED”) display accord-
ing to an exemplary embodiment is described in detail with
reference to FIG. 1.

FIG. 1 is an equivalent circuit diagram showing an exem-
plary embodiment of an OLED display.

Referring to FIG. 1, an OLED display includes a plurality
of signal lines 121,171, 172, and 332, and a plurality of pixels
PX electrically connected thereto and arranged substantially
in a matrix.

The signal lines include a plurality of gate lines 121 for
transmitting gate signals (or scanning signals), a plurality of
data lines 171 for transmitting data signals, a plurality of first
driving voltage lines 172 for transmitting a driving voltage,
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and a plurality of common voltage lines 332 for transmitting
a common voltage. The gate lines 121 extend substantially in
a row direction and are substantially parallel to each other,
and the data lines 171 extend substantially in a column direc-
tion and are substantially parallel to each other. The first
driving voltage lines 172 extend substantially in the column
direction, and the common voltage lines 332 comprise a net-
like shape, thus can form a network. The net-like shape can be
analogous to that of the gate lines 121 and the data lines 171
shown in FIG. 1. In an embodiment, the common voltage
lines 332 form a rectilinear network. Alternatively, the com-
mon voltage lines 332 may respectively extend in the row
direction or the column direction.

Each pixel PX includes a switching transistor Qs, a driving
transistor Qd, a storage capacitor Cst, and an organic light-
emitting element LD.

The switching transistor Qs comprises a control terminal,
which is electrically connected to a gate line 121, an input
terminal, which is electrically connected to a data line 171,
and an output terminal, which is electrically connected to the
driving transistor Qd. The switching transistor Qs transmits a
data signal applied from the data line 171 to the driving
transistor Qd in response to a gate signal applied from the gate
line 121.

The driving transistor Qd has a control terminal electrically
connected to the switching transistor Qs, an input terminal
electrically connected to the first driving voltage line 172, and
an output terminal electrically connected to the organic light-
emitting element. The driving transistor Qd drives an output
current I, ,,, which has a magnitude which depends on the
voltage between the control terminal and the output terminal.

The storage capacitor Cst is electrically connected between
the control terminal and the input terminal of the driving
transistor Qd. The storage capacitor Cst stores a data voltage,
which is also applied to the control terminal of the driving
transistor Qd, and maintains the data voltage even after the
switching transistor Qs turns off.

The organic light-emitting element LD, which can be an
OLED, comprises an anode electrically connected to the out-
put terminal of the driving transistor Qd, and a cathode elec-
trically connected to the common voltage line 332. The
organic light-emitting element LD emits light having an
intensity which depends on an output current I ,, of the driv-
ing transistor Qd. thereby displaying an image.

The switching transistor Qs and the driving transistor Qd
can be an n-channel field effect transistor (“FET”), and may
comprise the structure shown schematically in FIG. 1. How-
ever, a switching transistor Qs and the driving transistor Qd
may also be a p-channel FET. In addition, the connections
among the transistors Qs and Qd, the capacitor Cst, and the
organic light-emitting element LD, may be different.

In another exemplary embodiment, other transistors for
compensating the threshold voltage of the driving transistor
Qd may be further included in addition to the switching
transistor Qs and the driving transistor Qd.

An equivalent circuit diagram of an OLED display is
shown in FIG. 1. The OLED display is further described with
reference to FIG. 2 to FIG. 5, as well as FIG. 1.

FIG. 2 is a plan view showing an exemplary embodiment of
anOLED display. FIG. 3 is a plan view showing an exemplary
embodiment of the portion of the OLED display shown in
FIG. 2, FIG. 4is a cross-sectional view showing an exemplary
embodiment of the OLED display shown in FIG. 2 taken
along line IV-IV, and FIG. 5 is a cross-sectional view showing
an exemplary embodiment of the OLED display shown in
FIG. 2 taken along line TV-IV.
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A gateline 121, including a first control electrode 124a and
a second control electrode 1245, is disposed on an insulating
substrate 110. The insulating substrate 110 can comprise
transparent glass, plastic, or the like, or a combination com-
prising at least one of the foregoing materials.

The gate line 121 can extend substantially in a transverse
direction, and the first control electrode 124q can extend in an
upward direction. The gate line 121 may include an end
portion (not shown) and a large area for contact with another
layer or an external driving circuit.

The second control electrode 1245 can be separated from
the gate line 121 and include a storage electrode 127, which
can extend in a longitudinal direction.

A gate insulating layer 140 may comprise silicon oxide,
silicon nitride, or the like, or a combination comprising at
least one of the foregoing compounds, and can be disposed on
the gate line and the second control electrode 1245.

A first and a second semiconductor islands 154¢ and 1545
may comprise hydrogenated amorphous silicon, or the like,
and are disposed on the gate insulating layer 140. The first
semiconductor island 154a is disposed on the first control
electrode 124, and the second semiconductor island 1545 is
disposed on the second control electrode 1246.

A first pair of ohmic contacts 1634 and 1654 are disposed
on the first semiconductor island 1544, and a second pair of
ohmic contacts 1635 and 1655 are disposed on the second
semiconductor island 1545. The ohmic contacts 163a, 1635,
1654, and 1655 can have an island shape and may comprise
n+ hydrogenated amorphous silicon, or the like, which is
heavily doped with an n-type impurity such as phosphorus, or
the like.

A dataline 171, a first driving voltage line 172, a common
voltage line 332, and a first and a second output electrodes
175a and 175b are disposed on the ohmic contacts 163a,
1635, 1654, and 1655, and on the gate insulating layer 140.

The data line 171 and the first driving voltage line 172 can
extend in a longitudinal direction and be substantially per-
pendicular to the gate line 121. The data line 171 includes a
first input electrode 173a, which can extend in a direction
towards the first control electrode 124a, and the first driving
voltage line 172 can include a second input electrode 1734,
which can extend in a direction towards the second control
electrode 1245.

The first and the second output electrodes 175a and 1755
are separated from each other, as are the data line 171 and the
first driving voltage line 172. The first input electrode 173a
and the first output electrode 1754 oppose each other with
respect to the first control electrode 1244, and the second
input electrode 1735 and the second output electrode 1755
oppose each other with respect to the second control electrode
1246.

The ohmic contacts 163a, 1635, 165a, and 1655 are dis-
posed between the first and the second semiconductor islands
154a and 154b, which are under the ohmic contacts, and the
overlying data line 171, the first driving voltage line 172, and
the output electrodes 175a and 175b. The first and the second
semiconductor islands 154a and 1544 include a portion
exposed by the data line 171 and the output electrodes 175a
and 1755, including a portion between the input electrodes
173a and 1735 and the output electrodes 175a and 1755.

A switching thin film transistor (“TFT”) Qs comprises the
first control electrode 124a, the first input electrode 173a, the
first output electrode 1754, and the first semiconductor island
1544, and a driving thin film transistor Qd comprises the
second control electrode 1244, the second input electrode
1735, the second output electrode 1755, and the second semi-
conductor island 1545.
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The structures of the above described switching thin film
transistors Qs, driving thin film transistors Qd, gate line 121,
dataline 171, and first driving voltage line 172 are exemplary,
and various other configurations are possible.

A passivation layer 180 is disposed on the data line 171, the
first driving voltage line 172, the output electrodes 1754 and
1755, and the exposed first and second semiconductor islands
154¢ and 154b. The passivation layer 180 includes a lower
layer (not shown) that may comprise an inorganic insulator
such as silicon nitride, silicon oxide, or the like, or a combi-
nation comprising at least one of the foregoing inorganic
insulators, and an upper layer (not shown) that may comprise
an organic insulator. The organic insulator may have a dielec-
tric constant of less than or equal to about 6, specifically less
than or equal to about 4, more specifically less than or equal
to about 3, and it may be photosensitive and comprise a flat
surface. The passivation layer 180 may comprise a single-
layered structure, which comprises an inorganic insulator or
an organic insulator.

A surface of an upper layer 180q of the passivation layer
180 may be flat, as shown in FIG. 4, or a portion of the surface
may comprise at least one of a protrusion and a depression, as
shown in FIG. 5.

The passivation layer 180 comprises a plurality of contact
holes 185a and 1855, which expose the output electrodes
175¢ and 1755, and the passivation layer 180 and the gate
insulating layer 140 define a first contact hole 184, which
exposes the second control electrode 1245.

A reflective electrode 331, a common voltage line 332, and
a connection member 335 are disposed on the passivation
layer 180. They may comprise a reflective metal including
aluminum, silver, chromium, alloys thereof, or the like, or a
combination comprising at least one of the foregoing reflec-
tive materials.

The reflective electrode 331 is electrically connected to the
second output electrode 1755 through the contact hole 1855,
and the connection member 335 is electrically connected to
the second control electrode 12456 and the first output elec-
trode 1754 through the first and the second contact holes 184
and 1854. As shown in FIG. 5, in an embodiment, a surface of
the reflective electrode 331 may comprise at least one of a first
protrusion and a first depression, which can have a wave
shape, wherein the shape of the first protrusion and the first
depression correspond respectively to a second protrusion
and a second depression on a surface of the underlying pas-
sivation layer 180, if present. The first protrusion and the first
depression disposed on the reflective electrode 331 can dif-
fusively reflect light incident on the reflective electrode 331
so that an image of an external object is substantially not
observable.

Referring to FIG. 3, the common voltage line 332 com-
prises a net-like shape, which corresponds to the gate line 121
and the data line 171, and covers the switching thin film
transistor Qs. The reflective electrode 331 can occupy sub-
stantially all of a region defined by the common voltage line
332, and the connection member 335 can occupy an area
covering the first and the third contact holes 184 and 1855.
The shape of these elements may have other configurations.

A planarization layer 340 is disposed on the reflective
electrode 331, common voltage line 332, the connection
member 335, and the passivation layer 180. The planarization
layer 340 may comprise an organic material, and comprise a
fourth contact hole 345, which exposes the reflective elec-
trode 331, and a fifth contact hole 346, which exposes the
common voltage line 332. In FIG. 5, a surface of the reflective
electrode 331 includes at least one of the first protrusion and
the first depression, but the first protrusion and the depression
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are covered by the planarization layer 340 thereon such that a
flatness of a layer disposed on the planarization layer 340 is
not influenced by the protrusion or the depression.

A pixel electrode 191 and a contact assistance member 356
are disposed on the planarization layer 340. The pixel elec-
trode and the contact assistance member may comprise a
transparent material, such as indium tin oxide (“I1TO”),
indium zinc oxide (“IZO”), or the like, or a combination
comprising at least one of the foregoing transparent materials.
Thus the pixel electrode can be transparent or transflective.

The pixel electrode 191 is electrically connected to the
reflective electrode 331 through the fourth contact hole 345,
and the contact assistance member 356 is connected to the
common voltage line 332 through the sixth contact hole 346.

Referring to FIG. 3, the pixel electrode 191 occupies a
substantial portion of the region enclosed by the common
voltage line 332 such that the connection member 335 and the
reflective electrode 331 are disposed under the pixel electrode
191. Therefore, the area of the pixel electrode 191 is increased
relative to a configuration where the pixel electrode 191 is
disposed on the same layer as the reflective electrode 331.

A partition 361 is disposed on the planarization layer 340.
The partition 361 defines a plurality of openings 365, which
enclose an edge of the pixel electrode 191, wherein the edge
of the pixel electrode 191 is inclined at a non-perpendicular
angle relative to a top surface of the pixel electrode, and the
partition 361 includes a seventh contact hole 366, which
exposes the contact assistance member 356. The partition 361
may comprise an organic insulator or an inorganic insulator.
In an embodiment, the partition 161 may comprise a photo-
sensitive material which includes a black pigment, wherein
the partition 361 functions as a light-blocking member.
Accordingly, a process for manufacturing the OLED, or an
OLED display, may be simplified.

An organic light-emitting member 370 is disposed in the
opening 365 defined by the partition 361 on the pixel elec-
trode 190. The organic light-emitting member 370 may com-
prise an organic material which emits light of one of three
primary colors, such as the three primary colors red, green,
and blue. The OLED display may display an image by spa-
tially synthesizing light of the primary colors emitted by the
organic light-emitting members 370. However, the organic
light-emitting member 370 may emit white light and may
comprise a structure which includes a plurality of organic
material layers for emitting different colors of light among the
primary colors. Alternatively, a plurality of color filters (not
shown) may be provided on or under the organic light-emit-
ting members 370.

As shown in FIG. 5, wherein a surface of the reflective
electrode 331 includes a first protrusion and a first depres-
sions, the bottom of the organic light-emitting members 370
is flat, thus deterioration of an optical characteristic does not
substantially occur or is prevented.

A common electrode 270 is disposed on the organic light-
emitting member 370. The common electrode 270 substan-
tially covers an entire surface of the substrate 110 and is
electrically connected to the contact assistance member 356
through the seventh contact hole 366. The common electrode
270 may comprise a metal including calcium (Ca), barium
(Ba), magnesium (Mg), aluminum (Al), silver (Ag), or the
like, ora combination comprising at least one of the foregoing
metals.

Inan OLED display, an organic light-emitting element LD
comprises a pixel electrode 190, an organic light-emitting
member 370, a common electrode 270, a pixel electrode 190
as an anode, and a common electrode 270 as a cathode.
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In the OLED display, the light is emitted upward away
from the substrate 110 to display an image, while light emit-
ted from the organic light-emitting members 370 toward the
substrate 110 is reflected by the reflective electrode 331 and
the connection member 335, and thus is reflected upward.

By configuring the pixel electrode 191 to be separated from
the reflective electrode 331 via the planarization layer 340,
problems related to an etching ratio or adhesion may be
decreased. The reflective electrode 331 may comprise other
materials, and various elements such as a thickness, a process
margin, and a reflectance may be selected to be different from
where a pixel electrode 191 and a reflective electrode 331
contact each other over a larger area.

When the reflective electrode 331, the common voltage
line 332, and the connection member 335 are disposed under
the pixel electrode 191, the pixel electrode 191 may cover the
connection member 335 as well as the reflective electrode 331
such that an aperture ratio is improved.

When the common voltage line 332 is disposed on the same
layer as the reflective electrode 331 and the connection mem-
ber 335, wherein the layer of the reflective electrode 331 is
different than the layer of the gate line 121 or the dataline 171,
the area the common voltage line 332 occupies can be
increased such that the common voltage line 332 may be
disposed in a desired shape, such as a net-like shape. In an
embodiment, the common voltage line 332 can form a recti-
linear network.

If the common voltage line 332 is disposed on the same
layer as the gate line 121 or the data line 171, the common
voltage line 332 must be substantially parallel to the gate line
121 or the data line 171. Further, if the common voltage line
332 is disposed on the same layer as the gate line 121 or the
data line 171, and if the common voltage line 332 is to
comprise a net-like shape, an additional connection structure
for electrically connecting common voltage lines disposed
between the gate lines or the data lines would be required, and
as a result, the structure becomes complex and difficult to
manufacture.

Inan exemplary embodiment, the opaque common voltage
line 332 does not occupy a separate area, but overlaps the gate
line 121 and the data line 171, thereby increasing the aperture
ratio. Also, since the common voltage line 332 covers the gate
line 121, the data line 171, and the switching thin film tran-
sistor Qs, any variation in a voltage of the reflective electrode
331 is substantially reduced or prevented.

Alternatively, one mesh in the net of the common voltage
line 332 may correspond to several pixels. For example, as
shown in FIG. 6, a set pixels comprising a red pixel RP, a
green pixel GP, and a blue pixel BP, which are adjacent to each
other, may correspond to one mesh. In an embodiment, a
single electrical connection between the common electrode
270 and the common voltage line 332 may be disposed for
each set of pixels.

A manufacturing method of the OLED display shown in
FIG. 2 to FIG. 6 is further described with reference to F1G. 7
1o FIG. 16.

FIG. 7 to FIG. 16 are cross-sectional views showing inter-
mediate steps of an exemplary embodiment of a manufactur-
ing process of the OLED display shown in FIG. 2 to FIG. 5.

Referring to FIG. 7, a gate line 121, which includes a first
control electrode 124a, and a sustain electrode 127, which
includes a second control electrode 1245, are formed on a
substrate 110.

Referring to FIG. 8, a gate insulating layer 140, an intrinsic
amorphous silicon layer, and an impurity-doped amorphous
silicon layer are sequentially deposited. Then, the impurity-
doped silicon layer and the intrinsic amorphous silicon layer
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are patterned by photolithography, for example, to form a first
and a second impurity-doped semiconductor islands 164a
and 1645 and a first and a second semiconductor islands 154a
and 1545.

Referring to FIG. 9, a metal layer is deposited and pat-
terned by photolithography, for example, to form a data line
171, which includes first input electrodes 1734, a first driving
voltage line 172, which includes a second input electrode
1735, and a first and a second output electrodes 175a and
175b. Next, the exposed portions of the first and the second
impurity-doped semiconductors 164a and 1645, which are
not covered by the data line 171, the first driving voltage line
172, and the first and the second output electrodes 175a and
1755, are removed to form ohmic contact members 163a,
1635, 165a, and 1655, and expose the first and the second
semiconductor islands 154a and 1545 thereunder.

Referring to FIG. 10 and FIG. 11, a lower layer 180p of a
passivation layer 180 is deposited, and an upper layer 180q,
which comprises a photosensitive organic material, is depos-
ited. Then, the upper layer 180q is exposed, hardened, and
developed to form the first, the second, and the third contact
holes 184, 185a, and 185b. As shown in FIG. 5, when a
surface of the upper layer 180¢ comprises a protrusion and a
depression, a slit mask can be used to form a protrusion and a
depression on the desired portion of the upper layer 180¢, as
is shown in FIG. 11.

Referring to FIG. 12, the exposed portion of the lower
portion 180q 1s removed using a method such as dry-etching,
or the like, to complete formation of the first, the second, and
the third contact holes 184, 1854, and 1854.

Referring to FIG. 13, a reflective metal, such as aluminum,
silver, or the like, or a combination comprising at least one of
the foregoing reflective materials, is deposited on the passi-
vation layer 180, and patterned by photolithography, for
example, to form a reflective electrode 331, a common volt-
age line 332, and a connection member 335.

Referring to FIG. 14, an organic layer is formed, which can
include depositing, exposing, and developing the organic
layer, to form a planarization layer 340 comprising a fourth
and a fifth contact holes 345 and 346.

Referring to FIG. 15, a transparent conductive material is
deposited and patterned by photolithography, for example, to
form a pixel electrode 191 and a contact assistance member
356. In this step, the pixel electrode 191 is electrically con-
nected with the reflective electrode 331 only through the
fourth contact hole 345 and substantially or completely cov-
ers the reflective electrode 331, such that damage to the
reflective electrode from etching the pixel electrode 191 is
substantially reduced or prevented. Also, the contact area of
the pixel electrode 191 and the reflective electrode 331 is
small such that problems relating to cohesion between the
pixel electrode 191 and the reflective electrode 331 are
reduced.

Referring to FIG. 16, an organic material is coated,
exposed, and developed to form a partition 361, including
opening 365 and seventh contact hole 366.

Next, referring to FIG. 4 and F1G. 5, organic light-emitting
member 370 and a common electrode 270 are formed.

An OLED display according to another exemplary
embodiment is described with reference to FIG. 17.

FIG. 17 is a cross-sectional view showing another exem-
plary embodiment of an OLED display.

The OLED display shown in FIG. 17 has substantially the
same layered structure as the embodiment of FIG. 4. Specifi-
cally a gate line 121, which includes a first control electrode
1244, and a second control electrode 1245, includes a sustain
electrode 127, are disposed on a substrate 110, and a gate
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insulating layer 140 is disposed thereon. The first and the
second semiconductor islands 154a and 1545, and the first
and the second ohmic contact members 163a, 1635, 1654,
and 1654 are disposed on the gate insulating layer 140, and
datalines 171, including a first input electrode 1734, a second
input electrode 1735, and a first and a second output elec-
trodes 175a and 175b are disposed thereon. A passivation
layer 180, including a lower layer 180p and an upper layer
1804, are disposed, the passivation layer 180 comprising a
contact hole 1854, and the passivation layer 180 and the gate
insulating layer 140 comprising a first contact hole 184. A
reflective electrode 331 and a connection member 335 are
disposed on the passivation layer 180, and a planarization
layer 340 including a fourth contact hole 345 is disposed
thereon. Pixel electrode 191 is disposed on the planarization
layer 340, a partition 361, comprising an opening 365, and an
organic light-emitting member 370 are disposed thereon, and
a common electrode 370 substantially covers pixel electrode
191, partition 361, and organic light-emitting member 370.

In an embodiment different from that shown in FIG. 4,
where the second driving voltage line 333 can be disposed on
the same layer as the data line 171, in the OLED display
shown in FIG. 17, the second driving voltage line 333 is
disposed on the same layer as the reflective electrode 331, and
may be simultaneously manufactured with the reflective elec-
trode 331. The second driving voltage line 333 is electrically
connected to the second input electrode 1735 through the
contact hole 186 of the gate insulating layer 140 and the
passivation layer 180. However, a connection structure, such
as a contact assistance member or a contact hole, as are
described in other embodiments for electrically connecting a
common voltage line and the common electrode 270, as well
as a common voltage lines, are not included.

The contact hole 186 is disposed along with the first, the
second, and the third contact holes 184, 185a, and 1855 of the
passivation layer 180.

According to another embodiment. an additional signal
line or voltage line may be disposed on the same layer as the
reflective electrode 331, and the exemplary embodiment
shown in FIG. 17 can include a second protrusion and a
second depression on a surface of the passivation layer 180,
and a first protrusion and a first depression on a surface of the
reflective electrode 331, as in the exemplary embodiment
shown in FIG. 5.

By configuring the pixel electrode 191 to be separated from
the reflective electrode 331 via the planarization layer 340,
problems related to an etching ratio or adhesion are decreased
or substantially eliminated, and the reflective electrode 331
can comprise a larger number of candidate materials, and
various elements such as a thickness, a process margin, and a
reflectance may be selected to be different from an embodi-
ment where the pixel electrode 191 and the reflective elec-
trode 331 contact each other over a larger area.

Also, the common voltage line is configured in a net-like
shape, therefore an electrical resistance may be reduced, and
an aperture ratio may be increased.

The invention may also be applied to an OLED display
having various other structures.

While this invention has been described in connection with
exemplary embodiments, it is to be understood that the inven-
tion is not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:

1. An organic light-emitting diode display, comprising:

a first thin film transistor disposed on a substrate;
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a first insulating layer disposed on the first thin film tran-
sistor;

a reflective electrode disposed on the first insulating layer;

acommon voltage line disposed on the first insulating layer
and separated from the reflective electrode, the common
voltage line transmits a common voltage;

a second insulating layer disposed on the reflective elec-
trode and the common voltage line;

a pixel electrode disposed on the second insulating layer
and electrically connected to the first thin film transistor,
the pixel electrode substantially covering the reflective
electrode;

an organic light-emitting member disposed on the pixel
electrode; and

acommon electrode disposed on the organic light-emitting
member,

wherein the common voltage line is electrically connected
to the common electrode.

2. The organic light-emitting diode display of claim 1,

wherein:

the second insulating layer has a first contact hole exposing
the common voltage line, and

the common electrode is electrically connected to the com-
mon voltage line through the first contact hole.

3. The organic light-emitting diode display of claim 2,

further comprising:

a second thin film transistor disposed under the first insu-
lating layer, and

a connection member disposed on the first insulating layer
and electrically connecting the first thin film transistor
and the second thin film transistor.

4. The organic light-emitting diode display of claim 3,

wherein:

the pixel electrode overlaps the reflective electrode and the
connection member.

5. The organic light-emitting diode display of claim 4,

further comprising:

a gate line and a data line disposed under the first insulating
layer, the gate line and the data line electrically con-
nected to the second thin film transistor, wherein the
common voltage line overlaps the gate line and the data
line.

6. The organic light-emitting diode display of claim 5,
wherein the common voltage line overlaps the second thin
film transistor.

7. The organic light-emitting diode display of claim 5,
further comprising:

a contact assistance member disposed on the second insu-
lating layer, the contact assistance member contacting
the common voltage line and the common electrode.

8. The organic light-emitting diode display of claim 2,

further comprising:

a second thin film transistor disposed under the first insu-
lating layer;

a gate line disposed under the first insulating layer; and

adata line disposed under the first insulating layer, wherein
the gate line and the data line are electrically connected
to the second thin film transistor, and

wherein the common voltage line overlaps at least one of
the gate line and the data line.

9. The organic light-emitting diode display of claim 8,

wherein:

the common voltage line overlaps both the gate line and the
data line.

10. The organic light-emitting diode display of claim 9,

wherein:
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the common voltage line overlaps the second thin film 13. The organic light-emitting diode display of claim 1,
transistor. wherein:
11. The organic light-emitting diode display of claim 2, a surface of the reflective electrode comprises at least one
wherein: of a first protrusion and a first depression.
the common voltage line comprises a net-like shape, and 5 14. The organic light-emitting diode display of claim 13,
the reflective electrode is disposed in aregion definedby ~ wherein:
the net-like shape. a surface of the second insulating layer comprises at least
12. The organic light-emitting diode display of claim 2, one of a second protrusion and a second depression.

wherein:
the common electrode comprises a metal. ¥k % % %
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