US 20140138663A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2014/0138668 A1

You et al. (43) Pub. Date: May 22,2014
(54) ORGANIC LIGHT EMITTING DIODE Publication Classification
DISPLAY AND MANUFACTURING METHOD
OF THE SAME (1) Int.CI.
HOIL 27/32 (2006.01)
(71)  Applicant: Samsung Display Co., LTD., HOIL51/52 (2006.01)
Yongin-City (KR) HOIL 51/56 (2006.01)
(52) US.CL
(72) Inventors: Chun-Gi You, Yongin-city (KR); CPC ... HOIL 27/3244 (2013.01); HO1L 51/56
Joon-Hoo Choi, Yongin-city (KR) (2013.01); HOIL 51/5246 (2013.01); HOIL
51/5253 (2013.01); HO1L 51/5259 (2013.01)
(73) Assignee: Samsung Display Co., LTD., USPC oot 257/40; 438/28
Yongin-City (KR) (57) ABSTRACT
An organic light emitting diode (OLED) display includes: a
(21) Appl. No.: 14/165,331 first substrate including a display area and a non-display area;
adriving element on the display area of the first substrate, and
(22) Filed: Jan. 27. 2014 including a driving thin film transistor, a switching thin film
’ transistor, and a capacitor; a circuit unit on the non-display
Lo area of the first substrate; an organic light emitting element on
Related U.S. Application Data the driving element, and including a pixel electrode, an
(63) Continuation of application No. 13/206.423, filed on organic emission layer, and a common electrode; an inorganic
Aug. 9, 2011, now Pat. No. 8,637,333. protective layer covering the circuit unit and the common
electrode of the organic light emitting diode; a sealing mem-
(30) Foreign Application Priority Data ber on the inorganic protective layer in the non-display area of
the first substrate; and a second substrate on the sealing mem-
Dec. 30,2010  (KR) .oovevereeeeecees 10-2010-0139428  ber.
100
171 CNT 172 CNT
70 K_A_B e
S/ VR A A
\\\ \.: ;‘ \\\ \\\\\\\: N N ':\ :\‘ .\\ N N \.\:_\ \'.\‘:\}\\_\\\/‘\\\ \\% N \\f \.\ ?‘ \ \‘.\‘? / A \ \ o) \\\ \
NN \\\(\ \\\) \\/h/\\ \\)\ NNAVANSVANN SN RN TNAN ) DN
130 B ( / / L
170
160—1 -
150f, B | g ’,' T //: ,’/‘ " s _//,-‘ )
. 3 LA A N N
b i
151b 151 151¢ 152b 1528 152¢ 153 163
161 1613 B2 16 162
—_— R
161 162



Patent Application Publication =~ May 22,2014 Sheet 1 of 10 US 2014/0138668 A1

FIG. 1
100
19*0 70
A \\\ <120
\\\\ \\K\\\\\\\/ \\? 140
140+ JARLATRVRTN IURERVRVARCRVARVAVRVY \\l\\\\\\\\n\\\ X
vZz77 /////////ﬂ//////// 2130

74 \
130~ f! \\\,‘\\\\\/\\ SRS
// // I /‘/ ”/// > / = >
\)/ s \/ oy //' s /// /, / ///;K/
175 50 110 175




US 2014/0138668 A1

291 197
BZ9T BI9T 4719
= et e 151 A
= m: m: UN_a B7sT ﬁﬂ UE ﬂﬂ DE
[\
%u \\\\\\ Lt \\“\\, \m\ﬂ.\\\_\\” \\ \\ \\ p \m\\\\ \\\\\
W \ LY M,_ 7 M _m__ .‘ ___ ... \
27 =) EASS ,./,7/,.,/ u/ .ua. \\ _, \
-~ ) . f I _ d ! .
: — - NN
M //// /// /// NN NN R / ~ //x/z k o //, /W/ ~ /./.,‘,,//,//////
DO T /H/ /\,,/; t \ /\/ N R/\/\Z L x/ e

| LY
NNH mmhﬂ omﬁ qrL1 oL o oty o6t oot oo O
N

IND LT IND YA !

l

00T

¢ OId

Patent Application Publication



US 2014/0138668 A1

hmﬁa ‘Nﬂﬁ E 05T O
s ﬁ\\ % \\.x/\w..\\.,.\o. j f \ % \
\\ym\\ SN 1| \\ \\\\ /@\\/ \\m
]

[

May 22,2014 Sheet 3 of 10

Patent Application Publication

Ve DIA




US 2014/0138668 A1

May 22,2014 Sheet4 of 10

Patent Application Publication

4! 161
\|.J
m@H mmH umﬁmﬂ mmmmﬁ qest UEH 22 ﬁmﬁ oE oﬁ
7 /\ \ Y .\\M\/\\x\ﬁ.\\\ e x /\\ s\ L\
\ \ VLN A AN \\\\ \\o ol
] __ __ 1 ___ _‘.. _F_ ; =
. mNmH 4291 eTaT1 QSH
[J\|L
N@H 191

d¢ DId




US 2014/0138668 A1

May 22,2014 Sheet5of 10

Patent Application Publication

91

N|>J

qzZ9T Bd91 7¢T

191

\|\J

16T BT9T qIoT

15T BEST Q141

s \\\\

mﬁ mmH uNmH eesT q¢at

:\v \\\\\ :\\(\\\

11§ 3§




US 2014/0138668 A1

May 22,2014 Sheet 6 of 10

Patent Application Publication

91 91
—_— —_—
Q791 BZ91 BT9T Q4197
81 TST
JZET egqT ey JIST BIST 414t
mg E _ ] L] i mﬁ o
A ARG AN A SN A
/ \ g “ ﬁmr g \ AN & \\\\\\.w\\\ \\\\\\\ o w,\\,..\\.\\_\ \\.\.\A\M\_\.\ | 08T
E 1 ] =09t
JP_.\\\_ ! ] T—0/T

9CLT ETLT

IN) ———

Ll

[{|\



US 2014/0138668 A1

ol 197
ezt eT9T qT9T
- qz91 _— rer 2191 q19]
— ——
s €91 E 376T BTST 48T UE mE ﬁmﬁ R
= . [ ) - > [
S \\\ \\\\ \\\\. \\\ AN \..\\U\\\\ [ P \\\\. \\\,.\ ~
m W/\\\\\\\ ﬁﬁ(\\\\ H “\\\. \R\\\ \\\\\ \\\\ v \ \\ \\\ ﬁ g \m\\\\\f\\\mx\“\\\\lomﬁ
= 1 =091
S i | /1
S . |
g N x 081 \ x 0L g
TIARTAA! qTLT /1
e N ———
N 2 | /1
HE DI

Patent Application Publication



US 2014/0138668 A1

May 22,2014 Sheet 8 of 10

Patent Application Publication

91 197
BZ9T BI9T 4191
aar & 251 15T
\|\J
m£ mmH ummH m.NmH QNmH 32 SmH n:ﬂ ST 0L
i {
\ 7 L \\\\ \\\\\ \WT \\\\\\ \ u\\v\\ - \\\\\ Mh “\\\N\ f‘\\ N\\\ M”\\\
/\\\ H_j,\k\ - \_ L \ . \\ \\\\ \\ S \W\ \w\w\\\\\\.\omﬂ
Vb ___ F ___ \. \ j , h\l.oo.ﬁ
\ it , 0L
DEEs = )

(L o

qz/T 'eLT

fJ'I\
IND 44!

IND

« «

qr/T BTLT Q1L 0¢L 08
/1 0L

4¢ "DId



US 2014/0138668 A1

291 191
G291 BT 4 e eToT aror

= €91 €91 08T St QE UE sa DE ST o
: Al \ S
> ! \\\.\ \.s\\\\x\\\.\ \\ p e <% A \\\...\ \\\\ g
2 \\/\ g Rﬂ\.\\,\ A ?\\\/\\\ g \ \H | 7 \ \f.\w\}\\ ) 08T

[ _ L | VL8 N T4 : s. \ it ] :H\JD@._”
~ T 1
% JlL ] ,\ — 061
M ] \

x qr e o: om 0g, 067
KL IND 174 S/
N ur FMEE 0z
D¢ DIA

Patent Application Publication



US 2014/0138668 A1

May 22,2014 Sheet 10 of 10

Patent Application Publication

97

N|l}l.l1!1.|lo

Q9T BE9T 761

197

N|>J

16T BI9T q191

mmH mmH IST ETST st ST BT&T ﬁmH

e o
, ﬁ

X\\

\ \\ \\\ w\\f\\\ 7 st

YL /ﬂ \ SRR

Y SASPESEAY
AR AN ﬁz 3: o: om 0£L 061 061 gy
Ny T IND 1T 0L
00T
Ht DIA



US 2014/0138668 A1l

ORGANIC LIGHT EMITTING DIODE
DISPLAY AND MANUFACTURING METHOD
OF THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/206,423, filed Aug. 9, 2011, which
claims priority to and the benefit of Korean Patent Applica-
tion No. 10-2010-0139428, filed Dec. 30, 2010, the entire
content of both of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology relates generally to an
organic light emitting diode (OLED) display and a manufac-
turing method thereof.

[0004] 2. Description of Related Art

[0005] An organic light emitting diode (OLED) display is a
flat panel display which can be made lightweight and thin
because it has a self-luminous characteristic and requires no
separate light source. Particularly, the OLED display exhibits
quality characteristics such as low power consumption, high
luminance, high response speed, and as such, the OLED
display receives much attention as a next-generation display
device.

[0006] In general, an OLED display includes an organic
light emitting element and a thin film transistor for driving the
same. A pixel defining layer (PDL) defining a pixel area is
formed on the thin film transistor, and the organic light emit-
ting element is formed in the pixel area. The organic light
emitting element includes an anode, a cathode, and an organic
emission layer. Holes and electrons are injected from the
anode and the cathode, respectively, to form excitons, and the
excitons make a transition to a ground state, thereby causing
the organic light emitting diode to emit light.

[0007] The organic light emitting element formed with an
organic material may deteriorate in performance when com-
bined with moisture or oxygen, and therefore an encapsula-
tion technique is used in the OLED display to prevent mois-
ture and oxygen from penetrating the display. In general, an
encapsulation substrate formed with glass or a metal may be
used to encapsulate a display substrate where the organic light
emitting element is formed, and the encapsulation substrate
may be adhered to the display substrate using a sealant.
[0008] The sealant is applied (or coated) between the dis-
play substrate and the encapsulation substrate, and hardened
by anultraviolet (UV)laser irradiated thereto. A circuit unit or
awireunit that electrically connects the organic light emitting
element with external devices is formed on the display sub-
strate of the OLED display, and when the sealant is applied to
(or coated on) the circuit unit or the wire unit, the circuit unit
or the wire unit may be damaged during a sealant hardening
process.

[0009] Thus, the sealant may be applied (or coated) so as to
avoid the circuit unit or the wire unit, such that a dead space
is increased at the outer side of the display substrate. Particu-
larly, when the OLED display is increased in size, a getter
may be additionally formed in addition to the sealing mem-
ber, and the getter causes the dead space to be further
increased.

[0010] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
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the background of the described technology and therefore it
may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0011] Aspects of embodiments of the present invention are
directed toward an organic light emitting diode (OLED) dis-
play for reducing a dead space, and a manufacturing method
thereof.

[0012] Further, aspects of embodiments of the present
invention are directed toward an OLED display that can pro-
tectan organic light emitting element formed in a display area
of a display substrate and a circuit unit formed in a non-
display area of the display substrate, and can improve adhe-
siveness between the display substrate and an encapsulation
substrate, and a manufacturing method thereof.

[0013] An organic light emitting diode (OLED) display
according to an exemplary embodiment includes: a first sub-
strate including a display area and a non-display area; a driv-
ing element on the display area of the first substrate, and
including a driving thin film transistor, a switching thin film
transistor, and a capacitor; a circuit unit on the non-display
area of the first substrate; an organic light emitting element on
the driving element, and including a pixel electrode, an
organic emission layer, and a common electrode; an inorganic
protective layer covering the circuit unit and the common
electrode of the organic light emitting diode; a sealing mem-
ber on the inorganic protective layer in the non-display area of
the first substrate; and a second substrate on the sealing mem-
ber.

[0014] The OLED display may further include a getter on
the inorganic protective layer in the non-display area of the
first substrate, the getter being closer to the display area than
the sealing member is.

[0015] The sealing member may be at a location at least
partially overlapping the circuit unit.

[0016] The OLED display may further include a getter on
the inorganic protective layer in the non-display area of the
first substrate, the getter being closer to the display area than
the sealing member is.

[0017] The inorganic protective layer may include silicon
nitride (SiNx) or silicon oxide (SiOx).

[0018] The OLED display may further include a getter on
the inorganic protective layer in the non-display area of the
first substrate, the getter being closer to the display area than
the sealing member is.

[0019] The sealing member may include epoxy or frit.
[0020] The OLED display may further include a getter on
the inorganic protective layer in the non-display area of the
first substrate, the getter being closer to the display area than
the sealing member is.

[0021] The first substrate and the second substrate may be
formed of glass.

[0022] The OLED display may further include a getter on
the inorganic protective layer in the non-display area of the
first substrate, the getter being closer to the display area than
the sealing member is.

[0023] A method for manufacturing an organic light emit-
ting diode (OLED) display according to another exemplary
embodiment includes: forming a driving element and a circuit
unit in a display area and a non-display area of a first sub-
strate, respectively, the driving element including a thin film
transistor, a switching transistor, and a capacitor; forming an
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organic light emitting element, including a pixel electrode, an
organic emission layer, and a common electrode, on the driv-
ing element; forming an inorganic protective layer to cover
the circuit unit and the common electrode of the organic light
emitting element; applying a sealant to the inorganic protec-
tive layer in the non-display area of the first substrate; dispos-
ing a second substrate on the sealant; and adhering the first
substrate and the second substrate to each other by hardening
the sealant.

[0024] The method for manufacturing may further include
forming a getter on the inorganic protective layer at alocation
in the non-display area of the first substrate, the getter being
closer to the display area than the sealant is.

[0025] The sealant may be applied to a location at least
partially overlapping the circuit unit.

[0026] The method for manufacturing may further include
forming a getter on the inorganic protective layer at alocation
in the non-display area of the first substrate, the getter being
closer to the display area than the sealant is.

[0027] The inorganic protective layer may include silicon
nitride (SiNXx) or silicon oxide (SiOx).

[0028] The method for manufacturing may further include
forming a getter on the inorganic protective layer at alocation
in the non-display area of the first substrate, the getter being
closer to the display area than the sealant is.

[0029] The sealant may include epoxy or frit.

[0030] The method for manufacturing may further include
forming a getter on the inorganic protective layer at alocation
in the non-display area of the first substrate, the getter being
closer to the display area than the sealant is.

[0031] The first substrate and the second substrate may be
formed of glass.

[0032] The method for manufacturing may further include
forming a getter on the inorganic protective layer at alocation
in the non-display area of the first substrate, the getter being
closer to the display area than the sealant is.

[0033] The sealant may be hardened by irradiating ultra-
violet (UV) light thereto.

[0034] The method for manufacturing may further include
forming a getter on the inorganic protective layer at alocation
in the non-display area of the first substrate, the getter being
closer to the display area than the sealant is.

[0035] According to exemplary embodiments, the sealing
member is formed to be at least partially overlapped with the
circuit unit at the outer side of the display substrate so that the
dead space can be reduced.

[0036] Further, the sealant may be coated on the inorganic
protective layer so that damage to the organic light emitting
element and the circuit unit during a substrate adhering pro-
cess can be prevented, and adhesiveness of the sealant can be
improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 is a schematic cross-sectional view of an
organic light emitting diode (OLED) display according to an
exemplary embodiment.

[0038] FIG. 2 is an enlarged cross-sectional view of an
OLED display according to an exemplary embodiment.
[0039] FIG. 3A to FIG. 3H sequentially show a manufac-
turing method of an OLED display according to anexemplary
embodiment.
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DETAILED DESCRIPTION

[0040] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
[0041] The drawings and description are to be regarded as
illustrative in nature and not restrictive. Like reference
numerals designate like elements throughout the specifica-
tion. In the drawings, for better understanding and ease of
description, thicknesses of some layers and areas are exces-
sively displayed, but the present invention is not limited
thereto.

[0042] 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 therebetween.
[0043] FIG. 1 is a schematic cross-sectional view of an
organic light emitting diode (OLED) display according to an
exemplary embodiment, and a configuration of an OLED
display 100 according to the present exemplary embodiment
will be described with reference to FIG. 1.

[0044] Referring to FIG. 1, an OLED display 100 accord-
ing to the present exemplary embodiment includes a first
substrate 110, a second substrate 120, and a sealing member
130 disposed between the first substrate 110 and the second
substrate 120. In the present exemplary embodiment, the first
substrate 110 indicates a display substrate, and the second
substrate 120 indicates an encapsulation substrate for sealing
the display substrate.

[0045] The first substrate 110 includes a display area that
substantially displays an image by emitting light, and a non-
display area. A driving element 50 and an organic light emit-
ting element 70 are formed on the display area of the first
substrate 110. The driving element 50 includes a thin film
transistor formed of a plurality of electrodes, and a semicon-
ductor layer and a capacitor, and drives the organic light
emitting element 70 using them. The thin film transistor
includes a driving thin film transistor and a switching thin film
transistor.

[0046] A circuit unit 175 is formed on the non-display area
of the first substrate 110. In the circuit unit 175, a wire pattern
is formed to electrically connect the organic light emitting
element 70 with an external device.

[0047] The OLED display 100 according to the present
exemplary embodiment may further include a getter 140. The
getter 140 is formed on the non-display area of the first
substrate 110 to extend the life-span and improve the reliabil-
ity of the organic light emitting element by reducing (or
eliminating) moisture or oxygen inside the OLED display
100. The getter 140 is disposed closer to the display area than
the sealing member 130.

[0048] Inthe present exemplary embodiment, an inorganic
protective layer 190 is formed on the organic light emitting
element 70 and the circuitunit 175 respectively formed onthe
display area and the non-display area of the first substrate
110. Accordingly, in the display area, the inorganic protective
layer 190 can protect the organic light emitting element 70 by
contacting the second substrate 120. In the non-display area,
the inorganic protective layer 190 is disposed between (or at)
the circuit unit 175 and a lower portion of the sealing member
130 and the getter 140, to protect the circuit unit 175.
[0049] FIG. 2 is an enlarged cross-sectional view of an
OLED display according to an exemplary embodiment. In
further detail, in FIG. 2, the left side of the drawing is an
enlarged view of the non-display area of the OLED display
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100, and the rest is an enlarged view of the display area of the
OLED display 100 where the driving thin film transistor, the
switching thin film transistor, and the capacitor are formed.
Hereinafter, the configuration of the OLED display 100
according to the present exemplary embodiment will be
described in further detail with reference to FIG. 2.

[0050] Referring to FIG. 2, the first substrate 110 and the
second substrate 120 are arranged opposite to each other,
interposing the sealing member 130 and the getter 140 ther-
ebetween. The first substrate 110 and the second substrate
120 may be respectively formed with an insulating material
such as glass, quartz, or ceramic.

[0051] A buffer layer 150 is formed on the first substrate
110. In one embodiment, the buffer layer 150 is formed with
silicon nitride (SiNx), silicon oxide (SiOx), and/or silicon
oxynitride (SiOxNy). Here, the buffer layer 150 may be omit-
ted according to the material and the processing condition of
the first substrate 110.

[0052] The driving thin film transistor, the switching thin
film transistor, and the capacitor are formed on the buffer
layer 150. The driving thin film transistor includes a driving
semiconductor layer 151, a driving gate electrode 161, and a
driving source/drain electrode 171, and the switching thin
film transistor includes a switching semiconductor layer 152,
a switching gate electrode 162, and a switching source/drain
electrode 172. Further, the capacitor includes a first capacitor
plate 153 and a second capacitor plate 163. The thin film
transistors and the capacitor will be described according to
the layering sequence of the respective constituent elements.
[0053] The driving semiconductor layer 151, the switching
semiconductor layer 152, and the first capacitor plate 153 are
formed on the buffer layer 150. In one embodiment, the
driving semiconductor layer 151 and switching semiconduc-
tor layer 152 are formed with a polycrystalline silicon layer,
and respectively include channel areas 151a and 1524 that are
not doped with any impurities, and p+ doped source/drain
areas 1515, 151c¢, 1525, and 152¢ respectively formed on
opposite sides of the channel regions 151a and 152a. Here,
the type of the impurity may vary according to the type of the
thin film transistor.

[0054] A gate insulating layer 160 is formed on the driving
semiconductor layer 151, the switching semiconductor layer
152, and the first capacitor plate 153. The gate insulating layer
160 may be formed with silicon nitride or silicon oxide.
[0055] The driving gate electrode 161, the switching gate
electrode 162, and the second capacitor plate 163 are formed
on the gate insulating layer 160, and a pixel electrode 710 is
formed in a pixel area. The driving gate electrode 161 and the
switching gate electrode 162 respectively include transparent
layers 161a and 162a and metal layers 1615 and 1625, and are
connected with gate lines formed of a lower gate line and an
upper gate line.

[0056] The pixel electrode 710, the transparent layers 161a
and 162q of the gate electrode and the lower gate line may be
formed with a transparent conductive material such as indium
tin oxide (ITO) or indium zinc oxide (IZO). In addition, the
metal layers 1615 and 1625 and the upper gate line may be
formed with a low resistance metal such as aluminum, copper,
silver, or molybdenum. The transparent layers 161a and 1624
suppress lift-off or peeling by enhancing adhesiveness with
the gate insulating layer 160, and the metal layers 1615 and
1625 prevent a signal delay by enhancing conductivity
thereof. The metal layers 1615 and 1625 and the upper gate
line may have a multi-layered structure.
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[0057] An interlayer insulating layer 170 is formed on the
driving gate electrode 161 and the switching gate electrode
162. In the interlayer insulating layer 170, contact holes CNT
that expose the source/drain areas 1515, 151¢, 15256, and 152¢
of each of the driving semiconductor layer 151 and the
switching semiconductor layer 152 is formed. In addition, a
pixel opening and a capacitor plate opening are formed in the
interlayer insulating layer 170 to respectively expose most of
the pixel electrode 710 and the second capacitor plate 163.
Like the gate insulating layer 160, the interlayer insulating
layer 170 may include silicon nitride or silicon oxide.
[0058] The driving source/drain electrode 171 and the
switching source/drain electrode 172 are formed on the inter-
layer insulating layer 170. The driving drain electrode, the
driving source electrode, the switching drain electrode, and
the switching source electrode 171a, 1715, 1724, and 1725
are respectively connected with the source/drain areas 1515,
151¢, 1525, and 152¢ of the driving semiconductor layer 151
and the switching semiconductor layer 152. Here, the source
electrodes 1715 and 1725 are connected with data lines cross-
ing the gate lines in an insulated manner.

[0059] As described above, the capacitor includes the first
capacitor plate 153 and the second capacitor plate 163, and
the gate insulating layer interposed between the two capacitor
plates functions as a dielectric material. The first capacitor
plate 153 is connected with the driving gate electrode 161,
and the second capacitor plate 163 is connected with common
voltage line formed in paralle]l with the data line.

[0060] In the non-display area, the circuit unit 175 is
formed on the interlayer insulating layer 170. The circuit unit
175 is connected with the data line and the common voltage
line and applies a voltage thereto. The circuit unit 175 is
formed on the interlayer insulating layer 170 in the present
exemplary embodiment, but the circuit unit 175 may be
formed on the buffer layer 150 or the gate insulating layer 160
and may include at least one of the electrode materials form-
ing the thin film transistor.

[0061] In the display area, a pixel defining layer 180 is
formed on the interlayer insulating layer 170 and the source/
drain electrodes 171 and 172. A portion where the pixel
defining layer 180 mostly becomes a non-light emission area
is formed, and a pixel opening is formed in a portion corre-
sponding to the pixel electrode 710 such that the portion
becomes a light emission area, that is, a pixel area. The pixel
defining layer 180 may be formed with resin such as poly-
acrylates-based resin and polyimides-based resin or may be
formed with a silica-based inorganic material.

[0062] The organic emission layer 720 is formed on the
pixel electrode 710, the common electrode 730 is formed on
the organic emission layer 720 and the pixel defining layer
180, and the pixel electrode 710, the organic emission layer
720, and the common electrode 730 form the organic light
emitting element 70.

[0063] Theorganic emission layer 720 is formed with a low
molecular weight organic material or a high molecular weight
organic material, and may have a multiple layered structure
with more than one of an emissive layer, a hole injection layer
(HIL), ahole transporting layer (HTL), an electron transport-
ing layer (ETL), and an electron injection layer (EIL).
[0064] As described above, in the present exemplary
embodiment, the pixel electrode 710 is formed with a trans-
parent conductive material and the common electrode 730 is
formed with a metal having a high reflectivity, and thus the
OLED display 100 according to the present exemplary
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embodiment is formed as a bottom emission type so that light
emitted from the organic emission layer 720 is transmitted in
a direction of the first substrate 110. However, the present
invention is not limited thereto, and the OLED display may be
formed as a front emission type or a dual emission type by
forming the common electrode as a transparent electrode.
[0065] Further, in the present exemplary embodiment, the
pixel electrode 710 is formed as an anode, and the common
electrode 730 is formed as a cathode, but the present invention
is not limited thereto. That is, the pixel electrode and the
common electrode may be formed as a cathode and an anode,
respectively.

[0066] Inthepresentexemplary embodiment, the inorganic
protective layer 190 is formed on the common electrode 730
of the display area and the circuit unit 175 of the non-display
area of the first substrate 110. The inorganic protective layer
190 is formed to wholly cover the common electrode 730 and
the circuit unit 175 so that the common electrode 730 and the
circuit unit 175 are not exposed to the outside. The inorganic
protective layer 190 may be formed with silicon nitride or
silicon oxide.

[0067] The sealing member 130 and the getter 140 are
formed on the inorganic protective layer 190 of the non-
display area of the first substrate 110. The sealing member
130 may be formed at a location that at least partially overlaps
the circuit unit 175, and the sealing member 130 may be
formed with epoxy or frit to seal the first substrate 110 and the
second substrate 120. In addition, the getter 140 is provided to
reduce (or eliminate) moisture or oxygen, and may include a
metal such as calcium, barium, magnesium, titan, or a metal
oxide, or a complex metal hydride.

[0068] The second substrate 120 is arranged on the sealing
member 130 of the non-display area and the inorganic pro-
tective layer 190 of the display area.

[0069] As described, the OLED display 100 according to
the present exemplary embodiment includes the inorganic
protective layer 190 formed to cover the common electrode
730 of the organic light emitting element 70 and the circuit
unit 175 of the non-display area so that the organic light
emitting element 70 and the circuit unit 175 can be protected
from the external environment. That is, when the second
substrate 120 is sealed with the first substrate 110, damage
due to scratching of the common electrode 730 can be
reduced (or suppressed), and when the sealing member 130 is
formed on the circuit unit 175, damage to the circuit unit 175
during a hardening process of a sealant can be reduced (or
suppressed).

[0070] In addition, the sealing member 130 and the getter
140 can be formed on the circuit unit 175, and the dead space
of the OLED display 100 can be reduced so that the substrate
can be more effectively used.

[0071] FIG. 3A to FIG. 3H sequentially show a manufac-
turing method of an OLED display according to an exemplary
embodiment. Hereinafter, a manufacturing method of an
OLED display 100 according to the present exemplary
embodiment will be described.

[0072] Referring to FIG. 3A, a buffer layer 150 is formed
on a first substrate 110. The first substrate 110 is formed with
an insulating material such as glass, quartz, or ceramic. The
buffer layer 150 may be formed with silicon nitride, silicon
oxide, or silicon oxynitride and may be deposited on the
entire area of the first substrate 110.

[0073] An amorphous silicon layer is formed on the buffer
layer 150 and then crystallized such that a polycrystalline
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silicon layer is formed. Various known methods using heat,
lasers, electrical fields, or catalyst metals may be used for the
crystallization. After the polycrystalline silicon layer is
formed, the layer is patterned through a photolithography
process using a first pattern mask such that a driving semi-
conductor layer 151, a switching semiconductor layer 152",
and a first capacitor plate 153" are formed.

[0074] Referring to FIG. 3B, a gate insulating layer 160 is
formed on the driving semiconductor layer 151", the switch-
ing semiconductor layer 152', and the first capacitor plate
153'. The gate insulating layer 160 may be formed with sili-
con nitride or silicon oxide, and is formed to cover the buffer
layer 150 and the polycrystalline silicon layer using a plasma
chemical vapor deposition (CVD) method or the like.

[0075] After the gate insulating layer 160 is formed, a trans-
parent conductive layer and a gate metal layer are sequen-
tially formed on the gate insulating layer 160. The transparent
conductive layer and the metal layer are patterned through the
photolithography process using a second pattern mask such
that gate electrodes 161 and 162, pixel electrodes 710 and
710", second capacitor plates 163 and 163" and gate lines
connected with the gate electrodes, pixel electrodes, and the
second capacitor plates are formed. In this case, the transpar-
ent conductive layer may include ITO or IZO, and the gate
metal layer may include a low resistance metal such as alu-
minum, copper, silver, molybdenum, and the like.

[0076] Sequentially, impurities are injected into semicon-
ductor layers 151 and 152 using the gate electrodes 161 and
162 as a mask to form source/drain areas 1515, 151c¢, 1525,
and 152¢ which are doped with the impurities and channel
areas 151a and 152a which are not doped with the impurities.
[0077] Referring to FIG. 3C, an interlayer insulating layer
170 is formed on the gate electrodes 161 and 162. The inter-
layer insulating layer 170 may be formed with silicon nitride
or silicon oxide, and is formed to cover the gate insulating
layer 160 and the gate electrodes 161 and 162.

[0078] Then, theinterlayer insulating layer 170 is patterned
through the photolithography process using a third pattern
mask to expose the pixel electrodes 710 and 710" and the
second capacitor plates 163 and 163'. In addition, contact
holes CNT exposing the source/drain areas 1515, 151¢, 1526,
and 152¢ of the semiconductor layers 151 and 152 are formed
through the interlayer insulating layer 170 and the gate insu-
lating layer 160 by patterning the interlayer insulating layer
170.

[0079] Referring to FIG. 3D, the transparent layer is
exposed by etching the metal layers 710" and 163" of the pixel
electrode 710 and the second capacitor plate 163, respec-
tively. Sequentially, a data metal layer is formed on the inter-
layer insulating layer 170 and then patterning is performed
through the photolithography process using a fourth pattern
mask such that the source/drain electrodes 171 and 172 and
data lines and common voltage lines connected with the
source electrodes are formed. The source/drain electrodes
171 and 172 are respectively connected with the source/drain
areas 1515, 151¢, 1525, and 152¢ of the semiconductor layer
151 and 152 through the contact holes CNT. A circuit unit 175
connected with the data line and the common voltage line
may be formed on the non-display area of the first substrate
110.

[0080] Referring to FIG. 3E, a pixel defining layer 180 is
formed to cover the source/drain electrodes 171 and 172 on
the interlayer insulating layer 170 in the display area of the
first substrate 110. The pixel defining layer 180 has an open-
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ing partially exposing the pixel electrode 710. The opening is
formed through the photolithography process using a fifth
pattern mask. In this case, the opening corresponds to a light
emission area, that is, a pixel area. The pixel defining layer
180 may be formed with polyacryl-based resin, polyamides-
based resin, or silica-based inorganic material.

[0081] Referring to FIG. 3F, an organic emission layer 720
is formed on the pixel electrode 710, and a common electrode
7301s formed to cover the organic emission layer 720 and the
pixel defining layer 180 on a display area of the first substrate
110 such that an organic light emitting element 70 is formed.
The organic emission layer 720 may include at least one of a
hole injection layer (HIL), a hole transport layer (HTL), an
electron transport layer (ETL), and an electron injection layer
(EIL). In the present exemplary embodiment, for realization
of a bottom-emission structure, a material having high reflec-
tivity and low resistivity such as magnesium, silver, alumi-
num, chromium, and an alloy thereof may be used to form the
common electrode 730. Accordingly, light emitted from the
organic emission layer 720 is reflected by the common elec-
trode 730 and emitted through the pixel electrode 710 and the
first substrate 110 to the outside such that an image can be
displayed.

[0082] Referring to FIG. 3G, the inorganic protective layer
190 is formed on the first substrate 110. The inorganic pro-
tective layer 190 may be formed with silicon nitride or silicon
oxide, and wholly covers the display area and the non-display
area of the first substrate. Thus, the inorganic protective layer
190 covers the common electrode 730 of the display area and
the circuit unit 175 of the non-display area such that the
common electrode 730 and the circuit unit 175 are not
exposed to the outside.

[0083] Referring to FIG. 3H, a sealant is applied to (or
coated on) the inorganic protective layer 190 of the display
area in the first substrate 110. The sealant may be coated on a
location at feast partially overlapping the circuit unit 175 for
more effective use of the substrate by reducing the dead
space. Epoxy or frit may be used as the sealant, but the present
invention is not limited thereto. After applying (or coating)
the sealant, the second substrate 120 is arranged to be oppo-
site to the first substrate 110 and the sealant is hardened such
that the sealing member 130 is formed. The sealant may be
hardened by irradiating ultraviolet (UV) light, and the first
substrate 110 and the second substrate 120 are sealed to each
other as the sealant is hardened.

[0084] During the sealant hardening process for sealing the
first substrate 110 and the second substrate 120, the ultravio-
let (UV) light is irradiated, and the circuit unit 175 of the
non-display area may be exposed during the sealant harden-
ing process so that the circuit unit 175 may be damaged.

[0085] However, in the present exemplary embodiment, the
circuit unit 175 is covered by the inorganic protective layer
190 and thus ultraviolet (UV) light is not directly irradiated to
the circuit unit 175 during the sealant hardening process so
that the circuit unit 175 can be protected. Accordingly, the
sealing member 130 can be formed by applying (or coating)
the sealant on the circuit unit 175, thereby reducing the dead
space. In addition, since the circuit unit 175 is not exposed to
the outside and is protected by the inorganic protective layer
190, corrosion of the circuit unit 175 due to moisture can be
prevented. Further, since the sealing member 130 is formed
on the inorganic protective layer 190, the adhesiveness can be
improved.
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[0086] 1Inthe presentexemplary embodiment, the inorganic
protective layer 190 covers the common electrode 730 of the
display area so that the common electrode 730 can be pre-
vented from being scratched when the second substrate 120 is
adhered to the first substrate 110, thereby protecting the
organic light emitting element 70.

[0087] As described, according to the manufacturing
method of the OLED display of the present exemplary
embodiment, the OLED display 100 can be formed using
only five masks, and the dead space can be reduced while
protecting the organic light emitting element 70 and the cir-
cuitunit 175 so that the substrate can be more efficiently used.
[0088] In the present exemplary embodiment, a getter 140
may be further formed at an inner side of the sealing member
130. The getter 140 is provided to reduce (or eliminate) mois-
ture or oxygen in the OLED display, and may include a metal
such as calcium, barium, magnesium, titan, a metal oxide, or
complex metal hydride. The getter 140 may also be formed on
the circuit unit 175 covered by the inorganic protective layer
190 so that moisture or oxygen can be reduced (or eliminated)
without increasing the dead space in the non-display area,
thereby extending the life-span of the organic light emitting
element 70.

[0089] While this disclosure has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims and equivalents thereof.

Description of Some of the Reference Numerals

100: organic light emitting diode (OLED) display

50: driving element 70: organic light emitting element
110: first substrate 120: second substrate

130: sealing member 140: getter

150: buffer layer 151: driving semiconductor layer
152: switching semiconductor layer ~ 153: first capacitor plate

160: gate insulating layer 161: driving gate electrode

162: switching gate electrode 163: second capacitor plate

170: interlayer insulating layer 171a: driving drain electrode
171b: driving source electrode 172a: switching drain electrode
172b: switching source electrode 175: circuit unit

180: pixel defining layer 190: inerganic protective layer
710: pixel electrode 720: organic emission layer

730: common electrode CNT: contact holes

What is claimed is:

1. An organic light emitting diode (OLED) display com-
prising:

a first substrate comprising a display area and a non-dis-

play area;

a driving element on the display area of the first substrate;

a circuit unit on the non-display area of the first substrate;

an organic light emitting element on the driving element,

and comprising a pixel electrode, an organic emission
layer, and a common electrode; and

an inorganic protective layer covering the circuit unit and

the common electrode of the organic light emitting
diode.

2. The OLED display of claim 1, further comprising a
sealing member on the inorganic protective layer in the non-
display area of the first substrate and a second substrate on the
sealing member.
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3. The OLED display of claim 2, further comprising a
getteronthe inorganic protective layer in the non-display area
of the first substrate, the getter being closer to the display area
than the sealing member is.

4. The OLED display of claim 2, wherein the sealing mem-
ber is at a location at least partially overlapping the circuit
unit.

5. The OLED display of claim 4, further comprising a
getter onthe inorganic protective layer in the non-display area
of the first substrate, the getter being closer to the display area
than the sealing member is.

6. The OLED display of claim 2, wherein the inorganic
protective layer comprises silicon nitride (SiNx) or silicon
oxide (SiOx).

7. The OLED display of claim 6, further comprising a
getteronthe inorganic protective layer in the non-display area
of the first substrate, the getter being closer to the display area
than the sealing member is.

8. The OLED display of claim 2, wherein the sealing mem-
ber comprises epoxy or frit.

9. The OLED display of claim 8, further comprising a
getter on the inorganic protective layer in the non-display area
of the first substrate, the getter being closer to the display area
than the sealing member is.

10. The OLED display of claim 2, wherein the first sub-
strate and the second substrate are formed of glass.

11. The OLED display of claim 10, further comprising a
getteronthe inorganic protective layer in the non-display area
of the first substrate, the getter being closer to the display area
than the sealing member is.

12. A method for manufacturing an organic light emitting
diode (OLED) display, the method comprising:

forming a driving element and a circuit unit in a display

area and a non-display area of a first substrate, respec-
tively;

forming an organic light emitting element, comprising a

pixel electrode, an organic emission layer, and a com-
mon electrode, on the driving element; and

forming an inorganic protective layer to cover the circuit

unit and the common electrode of the organic light emit-
ting element.
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13. The method of claim 12, further comprising:

applying a sealant to the inorganic protective layer in the

non-display area of the first substrate;

disposing a second substrate on the sealant; and

adhering the first substrate and the second substrate to each

other by hardening the sealant.

14. The method of claim 13, further comprising forming a
getter on the inorganic protective layer at a location in the
non-display area of the first substrate, the getter being closer
to the display area than the sealant is.

15. The method of claim 13, wherein the sealant is applied
to a location at least partially overlapping the circuit unit.

16. The method of claim 15, further comprising forming a
getter on the inorganic protective layer at a location in the
non-display area of the first substrate, the getter being closer
to the display area than the sealant is.

17. The method of claim 13, wherein the inorganic protec-
tive layer comprises silicon nitride (SiNx) or silicon oxide
(810x).

18. The method of claim 17, further comprising forming a
getter on the inorganic protective layer at a location in the
non-display area of the first substrate, the getter being closer
to the display area than the sealant is.

19. The method of claim 13, wherein the sealant comprises
epoxy or frit.

20. The method of claim 19, further comprising forming a
getter on the inorganic protective layer at a location in the
non-display area of the first substrate, the getter being closer
to the display area than the sealant is.

21. The method of claim 13, wherein the first substrate and
the second substrate are formed of glass.

22. The method of claim 21, further comprising forming a
getter on the inorganic protective layer at a location in the
non-display area of the first substrate, the getter being closer
to the display area than the sealant is.

23. The method of claim 13, wherein the sealant is hard-
ened by irradiating ultraviolet (UV) light thereto.

24. The method of claim 23, further comprising forming a
getter on the inorganic protective layer at a location in the
non-display area of the first substrate, the getter being closer
to the display area than the sealant is.
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