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DISPLAY SUBSTRATE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 14/017,028, filed on Sep. 3, 2013, which
claims priority to and the benefit of Korean Patent Applica-
tion No. 10-2013-0016422, filed on Feb. 15, 2013 in the
Korean Intellectual Property Office, the contents of both of
which are incorporated herein by reference in their entirety.

BACKGROUND

[0002] 1.Field

[0003] The present invention relates to a display substrate
and a method of manufacturing the same.

[0004] 2. Description of the Related Art

[0005] With the development of display technology, dis-
play devices are being widely used in portable devices (such
as notebook computers, mobile phones and portable media
players (PMPs)) as well as display devices for homes (such as
TVs and monitors). In particular, the trend toward lighter and
thinner display devices is increasing the popularity of liquid
crystal display (LCD) devices, organic light-emitting display
devices, etc.

[0006] An organic light-emitting display device is a self-
emissive display device in which a voltage is applied to an
anode, a cathode and an organic light-emitting layer disposed
between the anode and the cathode, such that electrons and
holes are recombined in the organic light-emitting layer so as
to emit light.

[0007] Recent research has been directed to providing a
large display using the organic light-emitting display device.
However, the large display increases a wiring resistance of an
electrode that covers all pixels, and the increased wiring
resistance causes a voltage drop, resulting in luminance non-
uniformity. Also, power consumption is increased.

[0008] To address the above problems, it has been sug-
gested to form an auxiliary electrode in order to prevent a
voltage drop of an electrode. However, an organic layer or an
electrode of an organic light-emitting display device can be
damaged in the process of forming the auxiliary electrode.

SUMMARY

[0009] Aspects of embodiments of the present invention are
directed toward a display substrate and a method of manufac-
turing the same, in which a voltage drop can be prevented or
reduced by forming a conductive layer (e.g. an auxiliary
electrode).

[0010] Aspects of embodiments of the present invention are
also directed toward a display substrate and a method of
manufacturing the same, in which an organic layer or an
electrode can be prevented from being damaged (or damage
to the organic layer or the electrode can be reduced) during a
process of forming a conductive layer (e.g. an auxiliary elec-
trode).

[0011] Aspects of embodiments of the present invention are
also directed toward a display substrate and a method of
manufacturing the same, in which a reduction in transmit-
tance can be detected by measuring transmittance after for-
mation of a conductive layer (e.g. an auxiliary electrode).
[0012] However, aspects of embodiments of the present
invention are not restricted to those set forth herein. The
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above and other aspects of the present invention will become
more apparent to one of ordinary skill in the art to which the
present invention pertains with reference to the detailed
description and the drawings.

[0013] In an embodiment, a display substrate is provided,
the display substrate includes a substrate, the substrate having
an active area and an inactive area; an organic light-emitting
diode (OLED) unit on the active area of the substrate; and a
transmittance measurement pattern unit on the inactive area
of the substrate, wherein the transmittance measurement pat-
tern unit includes a deposition assistant layer pattern on the
substrate.

[0014] In one embodiment, the deposition assistant layer
pattern includes 8-quinolinolato lithium, N,N-diphenyl-N,N-
bis(9-phenyl-9H-carbazol-3-yl)biphenyl-4,4'-diamine,
N(diphenyl-4-y1)9,9-dimethyl-N-(4(9-phenyl-9H-carbazol-
3-yl)phenyl)-9H-fluorene-2-amine, or 2-(4-(9,10-di(naph-
thalene-2-yl)anthracene-2-yl)phenyl)-1-phenyl-1H-benzo-
[D]imidazole.

[0015] Inoneembodiment, the transmittance measurement
pattern unit further includes a conductive layer pattern on the
deposition assistant layer pattern.

[0016] In one embodiment, the conductive layer pattern
includes Mg.
[0017] Inoneembodiment, the OLED unit includes: a thin-

film transistor (TFT) on the substrate; a first insulating layer
covering the TFT; a first electrode on the first insulating layer
and electrically connected to the TFT; a second insulating
layer on the first insulating layer, the second insulating layer
covering a first portion of the first electrode and having an
opening exposing a second portion of the first electrode; an
organic light-emitting layer on a portion of the second insu-
lating layer and on the second portion of the first electrode
exposed through the opening; a second electrode on the sec-
ond insulating layer and the organic light-emitting layer; a
deposition assistant layer on a first region of the second elec-
trode; and a conductive layer electrically connected to the
second electrode, the conductive layer being on a second
region of the second electrode, which excludes the first region
of the second electrode.

[0018] In one embodiment, the second electrode is a light-
transmissive thin film.

[0019] Inoneembodiment, the second electrode includes a
metal selected from Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, L,
Ca and an alloy thereof.

[0020] In one embodiment, the conductive layer contacts
side surfaces of edges of the deposition assistant layer.

[0021] In one embodiment, the conductive layer includes
Mg.
[0022] In one embodiment, a thickness of the conductive

layer is equal to or greater than a thickness of the second
electrode.

[0023] Inoneembodiment, the deposition assistant layer is
formed of a light-transmitting material.

[0024] In one embodiment, the deposition assistant layer
includes 8-quinolinolato lithium, N,N-diphenyl-N,N-bis(9-
phenyl-9H-carbazol-3-yl)biphenyl-4,4'-diamine, N(diphe-
nyl-4-y1)9,9-dimethyl-N-(4(9-phenyl-9H-carbazol-3-yl)
phenyl)-9H-fluorene-2-amine, or 2-(4-(9,10-di(naphthalene-
2-yl)anthracene-2-yl)phenyl)-1-phenyl-1H-benzo-[ D]
imidazole.
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[0025] In one embodiment, adhesion between the conduc-
tive layer and the deposition assistant layer is weaker than
adhesion between the conductive layer and the second elec-
trode.

[0026] Inoneembodiment,the OLED unitincludes a trans-
mission region configured to transmit external light and a
pixel region adjacent to the transmission region, wherein all
or part of the transmission region and the pixel region are
located in the first region of the second electrode, and wherein
the first electrode overlaps the pixel region.

[0027] In one embodiment, the first electrode overlaps and
hides the TFT.
[0028] In one embodiment, a ratio of an area of the trans-

mission region to the sum of an area of the pixel region and the
area of the transmission region is in a range of 5 to 90%.
[0029] In another embodiment, a method of manufacturing
a display substrate is provided. The method includes forming
a TFT on a substrate, the substrate including an active area
and an inactive area, the forming of the TFT being on the
active area of the substrate; forming an OLED electrically
connected to the TFT and including a first electrode, an
organic light-emitting layer and a second electrode; concur-
rently or simultaneously forming a deposition assistant layer
on a first region of the second electrode with a deposition
assistant layer pattern on the inactive area of the substrate;
concurrently or simultaneously forming a conductive layer
electrically connected to the second electrode, the forming of
the conductive layer including depositing a conductive mate-
rial on a second region of the second electrode, which
excludes the first region, with a transmittance measurement
pattern unit, the depositing of the transmittance measurement
pattern unit including depositing the conductive material on
the deposition assistant layer pattern; and measuring trans-
mittance of the transmittance measurement pattern unit to
determine whether a defect is present.

[0030] In one embodiment, the forming of the deposition
assistant layer and the deposition assistant layer pattern
includes using a mask having openings corresponding to
regions in which the deposition assistant layer and the depo-
sition assistant layer pattern are to be formed.

[0031] In one embodiment, the forming of the conductive
layer and the transmittance measurement pattern unit
includes using a mask having openings corresponding to the
active area and the transmittance measurement pattern unit.
[0032] In one embodiment, the measuring of the transmit-
tance is performed directly after the forming of the conduc-
tive layer.

[0033] In one embodiment, the measuring of the transmit-
tance is performed within a deposition chamber in which the
conductive material is deposited.

[0034] In one embodiment, the measuring of the transmit-
tance is performed while the substrate having the conductive
material deposited thereon is being transferred.

[0035] In one embodiment, the measuring of the transmit-
tance includes: irradiating light to the transmittance measure-
ment pattern with a light emitter on a first side of the substrate;
and receiving light transmitted through the substrate and the
transmittance measurement pattern with a light receiver on a
second side of the substrate, facing oppositely away from the
first side.

[0036] In one embodiment, light irradiated from the light
emitter to the transmittance measurement pattern unit is per-
pendicular to the substrate.
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[0037] Inoneembodiment, the second electrode is formed
as a light-transmissive thin film.

[0038] Inoneembodiment, the second electrode includes a
metal selected from Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, L,
Ca, and an alloy thereof.

[0039] In one embodiment, the conductive material
includes Mg.
[0040] In one embodiment, a thickness of the conductive

layer is equal to or greater than a thickness of the second
electrode.

[0041] In one embodiment, the deposition assistant layer
and the deposition assistant layer pattern includes a light-
transmitting material.

[0042] In one embodiment, the deposition assistant layer
and the deposition assistant layer pattern comprise 8-quino-
linolato lithium, N,N-diphenyl-N,N-bis(9-phenyl-9H-carba-
z0l-3-yl)biphenyl-4,4'-diamine, N(diphenyl-4-y1)9,9-dim-
ethyl-N-(4(9-phenyl-9H-carbazol-3-yl)phenyl)-9H-
fluorene-2-amine, or  2-(4-(9,10-di(naphthalene-2-yl)
anthracene-2-yl)pheny!)-1-phenyl-1H-benzo-[D]imidazole.
[0043] In one embodiment, adhesion between the conduc-
tive layer and the deposition assistant layer is weaker than
adhesion between the conductive layer and the second elec-
trode.

[0044] Inoneembodiment, the active area includes a trans-
mission region configured to transmit external light and a
pixel region adjacent to the transmission region, wherein all
or part of the transmission region and the pixel region are
located in the first region of the second electrode, and wherein
the first electrode is formed to overlap the pixel region.
[0045] In one embodiment, the first electrode is formed to
overlap and hide the TFT.

[0046] In one embodiment, the transmission region is
formed such that a ratio of an area of the transmission region
to the sum of an area of the pixel region and the area of the
transmission region is in a range of 5 to 90%.

[0047] In one embodiment, the method further includes
outputting an alarm signal based on detection of the defect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] The above and other aspects and features of the
present invention will become more apparent by reference to
the following detailed description when considered in con-
Junction with the accompanying drawings, in which:

[0049] FIG. 1 is a cross-sectional view of a display sub-
strate according to an embodiment of the present invention;

[0050] FIG. 2is a plan view of the display substrate shown
in FIG. 1;
[0051] FIG. 3 is a cross-sectional view of an organic light-

emitting diode (OLED) unit and a transmittance measure-
ment pattern unit included in the display substrate of FIG. 1;
[0052] FIGS. 4 through 9 are views sequentially illustrating
amethod of manufacturing a display substrate according to an
embodiment of the present invention;

[0053] FIG. 10 is a schematic plan view of a mask used in
the method illustrated in FIG. 7;

[0054] FIG. 11 is a plan view of an OLED unit according to
another embodiment of the present invention;

[0055] FIG. 12 is a cross-sectional view of the OLED unit
and a transmittance measurement pattern unit according to
the embodiment of FIG. 11; and

[0056] FIG. 13 is aplan view of an OLED unit according to
another embodiment of the present invention.
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DETAILED DESCRIPTION

[0057] In the following detailed description, only certain
exemplary embodiments of the present invention are shown
and described, by way of illustration. As those skilled in the
art would recognize, the invention may be embodied in many
different forms and should not be construed as being limited
to the embodiments set forth herein. Advantages and features
of the present invention may be understood more readily by
reference to the following detailed description of embodi-
ments and the accompanying drawings. The present invention
may, however, be embodied in many different forms and
should not be construed as being limited to the embodiments
set forth herein. Rather, these embodiments are provided by
way of example.

[0058] It will be understood that when an element (e.g. a
layer) is referred to as being “on” another element, the ele-
ment can be directly on the second element, or can be indi-
rectly on the second element, with one or more intervening
elements interposed therebetween. Like reference numerals
refer to like elements throughout the application.

[0059] It will also be understood that, although terms such
as “first”, “second”, “third”, or the like, are be used herein to
describe various elements or portions thereof, these elements
or portions thereof are not limited by these terms. Instead
these terms are only used to distinguish one element or por-
tion thereof from another element or portion thereof. For
example, a first element discussed below could be termed a
second element without departing from the teachings of the
present invention.

[0060] Hereinafter, embodiments of the present invention
will be described with reference to the attached drawings.
[0061] FIG. 1 is a cross-sectional view of a display sub-
strate according to an embodiment of the present invention.
FIG. 2 is a plan view of the display substrate shown in FIG. 1.
[0062] Referring to FIG. 1, the display substrate according
to an embodiment of the present invention may include a
substrate 10, an organic light-emitting diode (OLED) unit 21,
and transmittance measurement pattern units 23.

[0063] The substrate 10 may be formed of a transparent
material with insulating and light-transmitting properties.
The substrate 10 may be a transparent insulating substrate
formed of glass, quartz, ceramic, or the like, or may be a
transparent flexible substrate formed of plastic, or the like.
[0064] An active areca A and an inactive area E may be
defined in the substrate 10. That is, in one embodiment, the
substrate 10 has an active area A and an inactive area E. The
active area A may be an area on which the OLED unit 21 is
located. The inactive area E may be an area of the substrate 10
excluding the active area A. For example, the inactive area E
may be defined at edges of the substrate 10 which surround
the active area A.

[0065] The OLED unit 21 includes one or more pixels
which emit light. The OLED unit 21 will be described later.
[0066] The transmittance measurement pattern units 23
may measure the transmittance of the display substrate in
order to determine whether the transmittance of the display
substrate is defective, that is, to determine whether or not a
defect is present. The transmittance measurement pattern
units 23 may be formed on the inactive area E of the substrate
10. Referring to FIG. 2, transmittance measurement pattern
units 23a through 234 may respectively be placed at corners
ofthe inactive area E of the substrate 10. However, this is only
an example and other placements of the transmittance mea-
surement pattern units 23a through 234 can be used. That is,
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the positions of the transmittance measurement pattern units
23 (see FIG. 1) are not specifically limited, as long as they are
within the inactive area E of the substrate 10. The number of
the transmittance measurement pattern units 23 is also not
specifically limited.

[0067] FIG.31isacross-sectional view of the OLED unit 21
and the transmittance measurement pattern units 23 included
in the display substrate of FIG. 1. More specifically, a cross-
section of one pixel included in the OLED unit 21 and a
cross-section of one transmittance measurement pattern umit
23 formed in the display substrate are illustrated as an
example.

[0068] Referring to FIG. 3, a buffer layer 211 and a thin-
film transistor (TFT) TR may be formed on the active area A
(see FIG. 1) of the substrate 10.

[0069] Thebuffer layer 211 may prevent or reduce penetra-
tion of impurity elements and planarize the surface. Thus, the
buffer layer 211 may be formed of various suitable materials
capable of performing these functions. For example, the
buffer layer 211 may be formed of an inorganic material such
as silicon oxide, silicon nitride, silicon oxynitride, aluminum
oxide, aluminum nitride, titanium oxide or titanium nitride, or
an organic material such as polyimide, polyester, acrylate, or
a stack of these organic materials. However, these are only
examples, and the buffer layer 211 can be formed using any
suitable materials suitable to prevent or reduce penetration of
impurity elements and planarize the surface. In some embodi-
ments, the buffer layer 211 is omitted.

[0070] TheTFT TR may be formed on the buffer layer 211.
The TFT TR may include a semiconductor active layer 212, a
gate insulating layer 213, a gate electrode 214, a source elec-
trode 216 and a drain electrode 217.

[0071] The semiconductor active layer 212 may be formed
on the buffer layer 211. The semiconductor active layer 212
may be formed of polycrystalline silicon, however, embodi-
ments of the present invention are not limited thereto, and the
semiconductor active layer 212 may also be formed of an
oxide semiconductor. For example, the semiconductor active
layer 212 may be, but is not limited to, a G-1-Z-O layer
[(In,05)a(Ga,05)b(ZnO)c layer], where a, b and c are real
numbers that satisfy a=0, b=0, and ¢>0, respectively. A semi-
conductor oxide layer 212 formed of an oxide semiconductor
may have increased light transmittance.

[0072] The gate insulating layer 213 may be formed on the
buffer layer 211 to cover the semiconductor active layer 212,
and the gate electrode 214 may be formed on the gate insu-
lating layer 213.

[0073] The gate insulating layer 213 may be formed of
silicon oxide (SiO,), silicon nitride (SiNx), or silicon oxyni-
tride (SiON). Specifically, the gate insulating layer 213 may
be formed of a single layer or a multilayer. The gate insulating
layer 213 formed of a multilayer may have a stacked structure
of SiNx and SiOx. In these embodiments, a portion of the gate
insulating layer 213 which contacts the semiconductor active
layer 212 may be formed of a SiOx layer, and a SiNx layer
may be disposed under the SiOx layer. The SiOx layer in
contact with the semiconductor active layer 212 can prevent
or reduce deterioration of the semiconductor active layer 212.
If the gate insulating layer 213 is formed of a SiON layer, the
SiON layer may be made to have an oxygen concentration
distribution. In these embodiments, oxygen concentration
may be made to increase as the distance to the semiconductor
active layer 212 decreases, thereby preventing or reducing the
deterioration of the semiconductor active layer 212.
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[0074] The gate electrode 214 may be formed of an alumi-
num (AO-based metal, such as aluminum or an aluminum
alloy, a silver (Ag)-based metal, such as silver ora silveralloy,
a copper (Cu)-based metal, such as copper or a copper alloy,
a molybdenum (Mo)-based metal, such as molybdenum or a
molybdenum alloy, chrome (Cr), titanium (Ti) or tantalum
(Ta), but is not limited thereto. In addition, the gate electrode
214 may have a multilayer structure including, for example,
two conductive layers with different physical characteristics.
For example, one of the two conductive layers may be formed
of a metal with low resistivity, such as an aluminum-based
metal, a silver-based metal or a copper-based metal, in order
to reduce a signal delay or a voltage drop of the gate electrode
214. The other one of the two conductive layers may be
formed of a different material, in particular, a material having
superior contact characteristics with indium tin oxide (ITO)
and indium zinc oxide (IZO), such as a molybdenum-based
metal, chrome, titanium, or tantalum. Examples of the mul-
tilayer structure include a chrome lower layer and an alumi-
num upper layer, an aluminum lower layer and a molybde-
num upper layer, and a titanium lower layer and a copper
upper layer. However, the present invention is not limited
thereto, and the gate electrode 214 may be formed of various
suitable metals and conductors.

[0075] An interlayer insulating film 215 may be formed on
the gate insulating layer 213 to cover the gate electrode 214,
and the source electrode 216 and the drain electrode 217 may
be formed on the interlayer insulating film 215 and may
contact the semiconductor active layer 212 via contact holes,
respectively.

[0076] The source electrode 216 and the drain electrode
217 may have a single layer structure including Ni, Co, Ti, Ag,
Cu,Mo, Al, Be, Nb, Au, Fe, Se or Ta, or may have amultilayer
structure including Ni, Co, Ti, Ag, Cu, Mo, Al, Be, Nb, Au, Fe,
Se and/or Ta. In addition, an alloy including of one of the
above metals and one or more elements selected from Ti, Zr,
W, Ta, Nb, Pt, Hf, O and N can be used. Examples of the
multilayer structure include, but are not limited to a double
layer such as Ti/Cu, Ta/Al, Ta/Al, Ni/Al, Co/Al or Mo(Mo
alloy)/Cu and a triple layer such as Mo/Al/Mo, Ti/Al/Ti,
Ta/Al/Ta, TI/AU/TIN, Ta/Al/TaN, Ni/AI/Ni or Co/Al/Co.
However, these are only examples. The material that forms
the source electrode 216 and the drain electrode 217 is not
limited to the above materials, and the structure of the source
electrode 216 and the drain electrode 217 is not limited to the
above structures.

[0077] The TFT TR is not necessarily structured as
described above, and various structures can be applied to the
TFT TR. For example, the TFT TR may have a top-gate
structure. However, this is only an example, and the TFT TR
may also have a bottom-gate structure in which the gate
electrode 214 is disposed under the semiconductor active
layer 212. For example, any suitable TFT structures for a
display device can be used.

[0078] In FIG. 3, one TFT TR is illustrated. However, the
pixel may further include one or more other TFTs and a
capacitor to form a pixel circuit unit.

[0079] A first insulating layer 218 may be formed to cover
the TFT TR or the pixel circuit unit including the TFT TR. The
first insulating layer 218 may be formed ofa single insulating
layer or multiple insulating layers having a planarized top
surface. The first insulating layer 218 may be formed of an
inorganic material and/or an organic material.
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[0080] A first electrode 221 may be formed on the first
insulating layer 218 and may be electrically connected to the
pixel circuit unit including the TFT TR. The first electrode
221 may be formed as an independent island in each pixel.

[0081] A second insulating layer 219 may be formed on the
first insulating layer 218 to cover edges of the first electrode
221. An opening 219a may be formed in the second insulating
layer 219 to expose a central portion of the first electrode 221
excluding the edges of the first electrode 221.

[0082] An organic layer 220 and a second electrode 222
covering the organic layer 220 may be sequentially formed on
the first electrode 221 exposed through the opening 219a. As
a result, an OLED EL may be formed.

[0083] The organic layer 220 may be formed as a low
molecular weight organic layer or a polymer organic layer.
When the organic layer 220 is formed as the low molecular
weight organic layer, a hole injection layer (HIL), a hole
transport layer (HTL), an emission layer (EML), an electron
transport layer (ETL), and an electron injection layer (EIL)
may be singularly or multiply stacked. The low molecular
weight organic layer may be formed by vacuum deposition.
Here, the EML is formed independently in each of red, green
and blue pixels, and the HIL, HTL, ETL and EIL are common
layers that may be commonly applied to the red, green and
blue pixels.

[0084] The HIL may be formed of a phthalocyanine com-
pound, such as copper phthalocyanine, or a starburst amine
such as TCTA, m-MTDATA or m-MTDAPB.

[0085] The HTL may be formed of N,N'-bis(3-methylphe-
nyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD),
N,N'-di(naphthalene-1-y1)-N,N'-diphenyl benzidine

(a-NPD), or the like.

[0086] The EIL may be formed of a material such as LiF,
NaCl, CsF, Li,0, BaO, Liq, or the like.

[0087] The ETL may be formed of tris(8-quinolinorate)
aluminum (Algs), 3-(4-biphenylyl)-4-phenyl-5-(4-tert-butyl
phenyl)-1,2.4-triazole (TAZ), or the like.

[0088] The EML may include a host material and a dopant
material. Examples of the host material may include, but are
not limited to tris(8-hydroxy-quinolinato)aluminum (Alg3),
9,10-di(naphth-2-yDanthracene (AND), 3-tert-butyl-9,10-di
(naphth-2-y1) anthracene (TBADN), 4,4'-bis 2,2-diphenyl-
ethene-1-yl)-4,4'-dimethylphenyl (DPVBi), 4,4-bis(2,2-
diphenyl-ethene-1-yl)-4,4'-dimethylphenyl (p-DMDPVBi),
tert(9,9-diarylfluorene)s (TDAF), 2-9,9'-spirobifluorene-2-
y1)-9,9'-spirobifluorene (BSDF), 2,7-bis(9,9'-spirobifluo-
rene-2-y1)-9,9"-spirobifluorene (TSDF), bis(9,9-diarylfluo-
rene)s (BDAF), 4,4'-bis(2,2-diphenyl-ethene-1-yl)-4,4'-di-
(tert-butyl)phenyl  (p-TDPVBIi),  1,3-bis(carbazol-9-yl)
benzene (mCP), 1,3,5-tris(carbazol-9-yl)benzene (tCP), 4,4,
4"-tris(carbazol-9-yltriphenylamine ~ (TcTa),  4,4'-bis
(carbazol-9-yl)biphenyl (CBP), 4,4'-bis 9-carbazolyl)-2,2'-
dimethyl-biphenyl (CBDP), 4,4'-bis(carbazol-9-y1)-9,9-
dimethyl-fluorene (DMFL-CBP), 4,4'-bis(carbazol-9-y1)-9,
9-bis(9-phenyl-9H-carbazol)fluorene (FL-4CBP), 4,4'-bis
(carbazol-9-y1)-9,9-di-tolyl-fluorene (DPFL-CBP), and 9,9-
bis(9-phenyl-9H-carbazol)fluorene (FL-2CBP).

[0089] Examples of the dopant material may include, but
are not limited to 4,4'-bis[4-(di-p-tolylaminoJstyryl]biphenyl
(DPAVBI), 9,10-di(naph-2-tyl)anthracene (ADN), and 3-tert-
butyl-9,10-di(naph-2-tyl)anthracene (TBADN).
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[0090] The first electrode 221 may be an anode, and the
second electrode 222 may be a cathode. Alternatively, polari-
ties of the first electrode 221 and the second electrode 222
may be reversed.

[0091] In one embodiment, the first electrode 221 is a
reflective electrode, and the second electrode 222 is a trans-
parent electrode. Accordingly, the OLED EL included in the
OLED unit 21 in an embodiment of the present invention, is
a top emission type OLED which realizes an image in the
direction of the second electrode 222.

[0092] To this end, the first electrode 221 may include at
least one of ITO, 170, ZnO and In,0;, having a high work
function. The first electrode 221 may further include a reflec-
tive layer formed of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, L,
Yb or Ca.

[0093] The second electrode 222 may include a metal hav-
ing a low work function, for example, a metal selected from
Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, and an alloy
thereof. In particular, the second electrode 222 may be
formed to be light-transmissive and may be formed as a thin
film using e.g., Al, Ag and/or Mg. The second electrode 222
may have a structure in which an alloy of Mg and Ag and/or
Ag is singularly or multiply stacked. However, this is only an
example, and the second electrode 222 may also include a
transparent metal oxide, for example, at least one of ITO,
170, 7n0, and In,O;.

[0094] Unlike the first electrode 221, the second electrode
222 is formed to apply a common voltage to all pixels. To this
end, the second electrode 222 is formed as a common elec-
trode which is not patterned for each of the pixels. Alterna-
tively, the second electrode 222 which is a common electrode
may be patterned according to a mesh pattern, so that all
regions of the second electrode 222 are removed except for a
region of the second electrode 222 which corresponds to an
emission region.

[0095] A deposition assistant layer 224 having first edges
224a may be formed on a first region R1 of the second
electrode 222. The deposition assistant layer 224 may prevent
the second electrode 223 from being damaged (or reduce
damage to the second electrode 223) during a process of
forming a conductive layer 223, which will be described later,
or during a thin-film encapsulation process and may simplify
the process of forming the conductive layer 223.

[0096] The conductive layer 223 may be formed on a sec-
ond region R2 of the second electrode 222 and may be elec-
trically connected to the second electrode 222.

[0097] In embodiments where the OLED EL is of a top
emission type, the second electrode 222 includes a transpar-
ent metal oxide or a thin metal. Therefore, if the second
electrode 222 is formed as a common electrode, a sheet resis-
tance of the second electrode 222 increases, causing a voltage
drop. To solve this problem, embodiments of the present
invention further include the conductive layer 223 which is
electrically connected to the second electrode 222. That is,
according to an embodiment, since the conductive layer 223
is electrically connected to the second electrode 222, the sheet
resistance of the second electrode 222 can be reduced.
Accordingly, a voltage drop in the second electrode 222 can
be prevented or reduced.

[0098] The conductive layer 223 may have second edges
223a, and side surfaces of the first edges 224a of the deposi-
tion assistant layer 224 may contact side surfaces of the
second edges 2234 of the conductive layer 223.
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[0099] The first region R1 may cover a region in which
emission occurs in the one pixel, and a horizontal area of the
first region R1 may be greater than that of the region in which
emission occurs in at least one pixel. The deposition assistant
layer 224 may be formed over the entire first region R1, and
edges of the first region R1 may correspond to the first edges
224a of the deposition assistant layer 224. The second region
R2 may bea region of the second electrode 222 excluding the
first region R1. The conductive layer 223 may be formed over
the entire second region R2, and edges of the second region
R2 may correspond to the second edges 223« of the conduc-
tive layer 223.

[0100] A thickness t1 of the conductive layer 223 may be
greater than a thickness t2 of the second electrode 222 in order
to reduce the sheet resistance of the second electrode 222.
[0101] The conductive layer 223 may include Mg. For
example, the conductive layer 223 may be formed of Mg or an
alloy of Mg and at least one of Al and Ag. Alternatively, the
conductive layer 223 may be formed of a same material as the
second electrode 222.

[0102] Since the deposition assistant layer 224 covers the
region in which emission occurs in a pixel, the deposition
assistant layer 224 may be formed to be light-transmissive.
The deposition assistant layer 224 may be formed as a thin
film which in some embodiments is thinner than the conduc-
tive layer 223, but is not limited thereto.

[0103] In the current embodiment, adhesion between the
conductive layer 223 and the deposition assistant layer 224
may be weaker than adhesion between the conductive layer
223 and the second electrode 222.

[0104] To this end, the deposition assistant layer 224 may
be formed of 8-quinolinolato lithium (Liq), N,N-diphenyl-N,
N-bis(9-phenyl-9H-carbazol-3-yl)biphenyl-4,4'-diamine
(HTO1), N(diphenyl-4-y1)9,9-dimethyl-N-(4(9-phenyl-9H-
carbazol-3-yl)phenyl)-9H-fluorene-2-amine (HT211), or
2-(4-(9,10-di(naphthalene-2-yl)anthracene-2-yl)phenyl)-1-
phenyl-1H-benzo-[D]imidazole (LG201).

[0105] The conductive layer 223 may include Mg. For
example, the conductive layer 223 may be formed of Mg or an
alloy of Mg and at least one of Al and Ag. Alternatively, the
conductive layer 223 may be formed of a same material as the
second electrode 222. By way of example, embodiments
where the conductive layer 223 is formed of Mg are be
described below. However, embodiments of the present
invention are not limited to this example.

[0106] Sincetheconductive layer223 including Mg and the
second electrode 222 include metals, they may have good
adhesion. However, Mg included in the conductive layer 223
typically does not adhere well to the kinds of materials that
form the deposition assistant layer 224. Therefore, the con-
ductive layer 223 can be patterned more simply by using
adhesion characteristics between the conductive layer 223
and the second electrode 222 and between the conductive
layer 223 and the deposition assistant layer 224.

[0107] Asdescribed above, the conductive layer 223 should
be patterned so as to be formed only on the second region R.
[0108] A comparable method used to pattern a metal layer
is a deposition method using a deposition mask having a fine
pattern. In this comparable method, however, if a deposition
metal accumulates on the fine pattern of the mask, the shape
of a metal layer pattern that is actually formed is different
from an intended shape. Therefore, the mask should be
cleaned continuously in order to prevent or reduce accumu-
lation of the deposition metal.
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[0109] However, amethod of cleaning a metal accumulated
on a deposition mask while maintaining a fine pattern of the
deposition mask has not been suggested. Therefore, if a pat-
tern shape is changed by the deposition of a metal on the fine
pattern, a new mask has to be used. That is, the mask itself has
to be replaced, and this causes an increase in product costs.
[0110] Inanembodiment ofthe present invention, the con-
ductive layer 223 is patterned more simply by using the
adhesion characteristics between the conductive layer 223
and the second electrode 222 and between the conductive
layer 223 and the deposition assistant layer 224.

[0111] Thetransmittance measurement pattern unit 23 may
be formed on a region E1 of the inactive area E (see FIG. 1) of
the substrate 10.

[0112] As will be described later, the conductive layer 223
may be formed by depositing a conductive material on the
entire surface of the active area A (see F1G. 1) of the substrate
10 which includes the first region R1 and the second region
R2. Since the conductive material used to form the conductive
layer 223 has weak adhesion to the deposition assistant layer
224, it is theoretical that the conductive layer 223 is not
formed on the deposition assistant layer 224 but is formed
only on the second electrode 222 having relatively strong
adhesion to the conductive material. However, when the con-
ductive layer 223 is formed, the conductive material is depos-
ited on an entire surface of the active area A (see FIG. 1) of the
substrate 10 which includes the first region R1 and the second
region R2. Thus, a conductive layer thin film 223' may actu-
ally be physically laid on the deposition assistant layer 224.
[0113] A thickness t3 of the conductive layer thin film 223"
may be smaller than the thickness t1 of the conductive layer
223. Therefore, the conductive layer thin film 223" may not
greatly affect the luminance of the OLED EL in the first
region R1. However, if the thickness t3 of the conductive layer
thin film 223' is large enough to affect the luminance of the
OLED EL, the transmittance of the display substrate may be
lower than reference transmittance. Consequently, this can
cause a defect in a display device including the display sub-
strate.

[0114] In embodiments of the present invention, since the
transmittance measurement pattern unit 23 is formed on the
inactive area E (see FIG. 1) of the substrate 10, a transmit-
tance defect can be detected during the process of manufac-
turing the display substrate. This can prevent or reduce cre-
ation of additional defects and, ultimately, reduce defects ofa
display device including the display substrate.

[0115] Thetransmittance measurement pattern unit 23 may
include a deposition assistant layer pattern 234 formed on the
substrate 10 and may further include a conductive layer pat-
tern 233 formed on the deposition assistant layer pattern 234.
[0116] The deposition assistant layer pattern 234 may be
formed of a same material as the deposition assistant layer
224 and may be formed at a same time as the deposition
assistant layer 224.

[0117] The conductive layer pattern 233 may be formed of
a same material as the conductive layer 223 and may be
formed at a same time as the conductive layer 223.

[0118] Forexample, when the result of measuring the trans-
mittance of the transmittance measurement pattern unit 23 is
equal to or greater than a set value or within a set normal
range, it may be determined that the display substrate is not
defective, and subsequent processes may be performed.
[0119] However, when the result of measuring the trans-
mittance of the transmittance measurement pattern unit 23 is
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less than the set value or within a set abnormal range, it may
be determined that the display substrate is defective. There-
fore, the subsequent processes may not be performed, or a
process of repairing the defect may be performed.

[0120] The transmittance of the transmittance measure-
ment pattern unit 23 may be related to a thickness of the
conductive layer pattern 233 that may be formed on the depo-
sition assistant layer pattern 234. The deposition assistant
layer pattern 234 and the deposition assistant layer 224 are
formed of a same material, and. In addition, since the depo-
sition assistant layer pattern 234 and the deposition assistant
layer 224 are placed within a same chamber in the process of
forming the conductive layer 223, they are under a same set of
environmental conditions. That is, if the conductive layer
pattern 233 is formed on the deposition assistant layer pattern
234 under the same set of environmental conditions as the
deposition assistant layer 224, it is likely that the conductive
layer thin film 223" is also formed on the deposition assistant
layer 224 and that a thickness t4 of the conductive layer
pattern 233 is equal to or substantially equal to the thickness
3 of the conductive layer thin film 223",

[0121] Therefore, if the transmittance of the transmittance
measurement pattern unit 23 is measured, it can be identified
whether the conductive layer thin film 223" has been formed
on the deposition assistant layer 224 and, if the conductive
layer thin film 223" has been formed, whether the thickness t3
of the conductive layer thin film 223' is large enough to affect
the luminance of the OLED EL.

[0122] As described above, since the transmittance mea-
surement pattern unit 23 is formed on the inactive area E in
which transmittance can be measured relatively easily, the
occurrence of a transmittance defect can be detected easily. In
addition, since the occurrence of a transmittance defect can be
detected directly (e.g. immediately) after the process of form-
ing the conductive layer 223, follow-up measures can be
taken more easily.

[0123] FIGS. 4 through 9 are views sequentially illustrating
processes of a method of manufacturing a display substrate
according to an embodiment of the present invention.
[0124] Referring to FIG. 4, a buffer layer 211, a TFT TR, a
first insulating layer 218, a first electrode 221, a second insu-
lating layer 219, an organic layer 220, and a second electrode
222 are formed on an active area A (see FIG. 1) of a substrate
10. These elements are already described with reference to
FIG. 3.

[0125] Referring to FIG. 5, a deposition assistant layer 224
may be formed on a first region of the second electrode 222,
and deposition assistant layer patterns 234 may be formed on
regions E1 of an inactive area E of the substrate 10 at a same
time as the formation of the deposition assistant layer 224.
The deposition assistant layer 224 and the deposition assis-
tant layer patterns 234 may be formed of the organic material
described above with reference to FIG. 3 and may be formed
by a thermal evaporation method using a mask 3. The mask 3
may include an opening 31 corresponding to a position at
which the deposition assistant layer 224 is to be formed and
openings 33 corresponding to positions at which the deposi-
tion assistant layer patterns 234 are to be formed. In one
embodiment, an organic material M1 is deposited through the
openings 31 and 33, thereby concurrently or simultaneously
forming the deposition assistant layer 224 and the deposition
assistant layer patterns 234.

[0126] Referring to FIG. 6, a material M2 for forming a
conductive layer 223 is deposited on an entire surface of the
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substrate 10. Here, the material M2 for forming the conduc-
tive layer 223 may be deposited using a mask 40 shown in
FIG. 7. The mask 40 used to deposit the material M2 for
forming the conductive layer 223 may include an opening 43
corresponding to the active area A of the substrate 10 and
openings 41 corresponding to regions of the inactive area E of
the substrate 10 in which the deposition assistant layer pat-
terns 234 are formed, that is, regions in which transmittance
measurement pattern units 23 are to be formed.

[0127] A structure of the mask 40 and the positions of the
openings 41 are not specifically limited. For example, refer-
ring to FIGS. 2 and 10, if transmittance measurement pattern
units 23a through 234 are respectively formed at corners of
the inactive area E (see FIG. 2) of the substrate 10 as shown in
FIG. 2, the mask 40 may include an opening 43, which cor-
responds to the active area A (see FIG. 2) of the substrate 10,
in a central portion thereof and a plurality of openings 41a
through 41d, which correspond to the transmittance measure-
ment pattern units 23¢ through 234 of FIG. 2, at corners
thereof, respectively. However, this is only an example and
the shape of the mask 40 and the positions of the openings 41
may vary according to the positions at which the transmit-
tance measurement pattern units 23 are to be formed.

[0128] Referring back to FIG. 6, the material M2 for form-
ing the conductive layer 223, in some embodiments, does not
adhere well to the deposition assistant layer 224, as described
above with reference to FIG. 3. Therefore, in some embodi-
ments, the conductive layer 223 is not formed on the deposi-
tion assistant layer 224 but is formed only on the second
electrode 222 having relatively strong adhesion to the mate-
rial M2. Accordingly, the conductive layer 223 can be formed
at adesired position without an additional patterning process.
[0129] If the material M2 for forming the conductive layer
223 isdeposited as shownin FIG. 6, not only is the conductive
layer 223 formed in regions other than the deposition assistant
layer 224, but a conductive layer thin film 223" may also be
formed on the deposition assistant layer 224. In some
embodiments, since the material M2 for forming the conduc-
tive layer 223 has weak adhesion to the deposition assistant
layer 224, it is not deposited on the deposition assistant layer
224 but is deposited only on the second electrode 222 having
relatively strong adhesion to the material M2. However, since
in some embodiments, the process of FIG. 6 is performed
without using an additional patterning mask but by only using
the mask 4, which includes the aperture 41 corresponding to
the active area A (see FIG. 7), the conductive layer thin film
223 can be physically laid on the deposition assistant layer
224.

[0130] A thickness t3 of the conductive layer thin film 223"
may be smaller than a thickness t1 of the conductive layer
223.

[0131] If the conductive layer thin film 223' is formed on
the deposition assistant layer 224, conductive layer patterns
233 may also be formed on the deposition assistant layer
patterns 234, respectively. That s, the transmittance measure-
ment pattern units 23 may include the deposition assistant
layer patterns 234 and, if the conductive layer patterns 233 are
additionally formed, may further include the conductive layer
patterns 233, respectively.

[0132] Referring to FIG. 8, respective transmittances of the
transmittance measurement pattern units 23 are measured
using defect sensors (51, 53) to determine whether a display
substrate is defective. In one embodiment, the defect sensors
(51, 53) are designed to detect a transmittance defect of the
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display substrate. In one embodiment, the defect sensors (51,
53) are located at positions respectively corresponding to the
transmittance measurement pattern units 23 as illustrated in
FIG. 9.

[0133] Each of the defect sensors (51, 53) may include a
pair of a light emitter 51 and a light receiver 53. In one
embodiment, the light emitter 51 irradiates a set amount of
light to a corresponding transmittance measurement pattern
unit 23, and the light receiver 53 receives light irradiated from
the light emitter 51.

[0134] As illustrated in FIGS. 8 and 9, the defect sensors
(51, 53) may be transmissive optical sensors. Unlike a reflec-
tive optical sensor in which a light emitter and a light receiver
are located in the same direction, a transmissive optical sensor
includes a light emitter and a light receiver which face each
other with an object to be sensed therebetween. Therefore, the
light emitter 51 may be located under the substrate 10, and the
light receiver 53 may be located above the substrate 10. The
light emitter 51 and the light receiver 53 may be placed to face
each other such that light emitted from the light emitter 51 can
be received by the light receiver 53. However, this is only an
example and the positions of the light emitter 51 and the light
receiver 53 can be changed. For example, the light emitter 51
can be located above the substrate 10, and the light receiver 53
can be located under the substrate 10.

[0135] Ina transmissive optical sensor, the light emitter 51
emits light to an object, and the light receiver 53 receives the
light that transmits through the object. Here, the amount of the
light received by the light receiver 53 is measured to sense the
transmittance of the object. In embodiments of the present
invention, light L emitted from the light emitter 51 passes
through the substrate 10 and a corresponding one of the
transmittance measurement pattern units 23, to be received by
the light receiver 53. The amount of the light received by the
light receiver 53 may be measured to obtain a transmittance
measurement value for defect detection.

[0136] The light L emitted from the light emitter 51 toward
a corresponding one of the transmittance measurement pat-
tern units 23 may be normal or perpendicular to the substrate
10. However, the present invention is not limited thereto, and
the light L may also be emitted at an angle to the substrate 10,
for example.

[0137] In embodiments of the present invention, if the
transmittance measurement value obtained using the light
emitter 51 and the light receiver 53 is less than a set value or
within a set abnormal range, it may be determined that a
defect has occurred in the display substrate. In these embodi-
ments, the occurrence of the defect may be visually or acous-
tically conveyed to a worker by outputting an alarm signal, for
example, by sounding an alarm signal or turning on a warning
light. Accordingly, the worker may recognize the alarm signal
and take follow-up measures, for example, by eliminating the
defective substrate 10 from a normal process line. More
details can be found in the description of FIG. 3.

[0138] The above-described transmittance measurement
process may be performed within a deposition chamber
directly (e.g. immediately) after the process of depositing the
conductive material M2 for forming the conductive layer 223
(see FIG. 7), as shown in FIG. 9. In one embodiment, the
mask 40 used to deposit the conductive material M2 (see FIG.
7) includes the openings 41 at positions respectively corre-
sponding to the transmittance measurement pattern units 23.
Therefore, the light L emitted from the light emitter 51 during
the transmittance measurement process may pass through a
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corresponding one of the openings 41 of the mask 40 and then
transmit through a corresponding one of the transmittance
measurement pattern units 23 and the substrate 10 to be
received by the light receiver 53. In this way, a transmittance
measurement value can be obtained.

[0139] If transmittance is measured within the deposition
chamber directly (e.g. immediately) after the process of
depositing the conductive material M2 as showninFIG. 9, the
occurrence of a defect due to the deposition of the conductive
material M2 can be detected rapidly. In addition, the light
emitter 51 and the light receiver 53 canbe used as a sensor that
detects the presence of the substrate 10 before the deposition
process. Since the light emitter 51 and the light receiver 53
can also be used as a sensor that detects the presence of the
substrate 10, a production facility can be further simplified.
Furthermore, since, in some embodiments, additional equip-
ment is not required due to the simplified production facility,
more space within the deposition chamber can be used, pro-
duction facility costs can be reduced, and/or the size of the
deposition chamber can be reduced.

[0140] In some embodiments, the above-described trans-
mittance measurement process may also be performed while
the substrate 10 is being transferred after the deposition pro-
cess of the conductive material M2 for forming the conduc-
tive layer 223. For example, the transmittance measurement
process may be performed within a buffer chamber or a clus-
ter chamber after the deposition process of the conductive
material M2 for forming the conductive layer 223. That is, a
location at which the transmittance measurement process is
performed is not specifically limited.

[0141] FIG. 11 is a plan view of an OLED unit 21 of a
display substrate according to another embodiment of the
present invention. FIG. 12 is a cross-sectional view of one
pixel included in the OLED unit 21 of FIG. 11.

[0142] Referring to FIGS. 11 and 12, the OLED unit 21
according to one embodiment includes a transmission region
TA, which transmits external light and a plurality of pixel
regions PA, separated from each other by the transmission
region TA interposed therebetween.

[0143] Referring to FIG. 11, a pixel circuit unit PC may be
located in each of the pixel regions PA, and a plurality of
conductive lines including a scan line S, a data line D and a
Vdd line V may be electrically connected to the pixel circuit
unit PC. In some embodiments, various conductive lines in
addition to the scan line S, the data line D and the Vdd line V
(i.e, a driving power source) may further be provided
depending on a configuration of the pixel circuit unit PC.

[0144] As shown in FIG. 11, the pixel circuit unit PC may
include afirst TFT T1 connected to the scan line S and the data
line D, asecond TEF'T T2 connected to the first TF'T T1 and the
Vdd line V., and a capacitor Cst connected to the first TFT T1
and the second TFT T2. Here, the first TFT T1 may serve as
a switching transistor, and the second TFT T2 may serve as a
driving transistor. The second TFT T2 may be electrically
connected to afirst electrode 221. In FIG. 11, the first TFT T1
and the second TFT T2 are of a P type. However, embodi-
ments of the present invention are not limited thereto, for
example, at least one of the first TFT T1 and the second TFT
T2 may be of an N type. The number of TFTs and the number
of capacitors are not limited to those shown in the embodi-
ment of FIG. 11. A combination of two or more TFTs and one
or more capacitors may also be provided depending on a
configuration of the pixel circuit unit PC.
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[0145] InFIG.11,thescan line S overlaps the first electrode
221. However, embodiments of the present invention are not
limited thereto, for example, at least one of the conductive
lines including the scan line S, the data line D and the Vdd line
V may overlap the first electrode 221. In some embodiments,
all of the conductive lines including the scan line S, the data
line D and the Vdd line V may overlap the first electrode 221
or may be placed next to the first electrode 221. That is, the
positional relationship between the first electrode 221 and the
conductive lines including the scan line S, the data line D and
the Vdd line V is not specifically limited.

[0146] According to some embodiments, the pixel regions
PA and the transmission region TA are separated from each
other. Therefore, in these embodiments, when an external
image is viewed via the transmission region TA, distortion of
the external image due to scattered external light can be
prevented or reduced.

[0147] Thepixel regions PA and the transmission region TA
may be formed such that a ratio of an area of the transmission
region TA to a total area of the pixel regions PA and the
transmission region TA is in a range of 5 to 90%.

[0148] When the ratio ofthe area of the transmission region
TA to the total area of the pixel regions PA and the transmis-
sion region TA is less than 5%, only a small amount of light
can pass through the OLED unit 21. Thus, it can be difficult
for a user to view an object or image which is positioned on an
opposite side. That is, the OLED unit 21 may not be recog-
nized as transparent by the user. However, when the ratio of
the area of the transmission region TA to the total area of the
pixel regions PA and the transmission region TA is about 5%,
if the intensity of actual external light is great, a user may fully
recognize an object or image, which is positioned on the
opposite side, via a display. Consequently, the user may rec-
ognize the display as a transparent display. Further, ifa TFT
included in the pixel circuit unit PC is formed as a transparent
TFT such as an oxide semiconductor, and if an OLED EL is
formed as a transparent device, a recognition level of a trans-
parent display may increase.

[0149] When the ratio of the area of the transmission region
TA to the total area of the pixel regions PA and the transmis-
sion region TA is greater than 90%, pixels per inch (PPI) of
the OLED unit 21 may be significantly decreased such that it
is difficult to realize a stable image via light emission in the
pixel regions PA. That is, as the area of the pixel regions PA
decreases, the luminance of light emitted from an organic
layer 220 should be increased so as to provide an image.
However, if the OLED EL is operated in a high-luminance
state, its lifetime may be reduced.

[0150] In this regard, the ratio of the area of the transmis-
sion region TA to the total area of the pixel regions PA and the
transmission region TA may be in a range of 20 to 70%.
[0151] In arange below 20%, the area of the pixel regions
PA is too large, compared to the area of the transmission
region TA. Therefore, a user may have limitations in viewing
an external image via the transmission region TA. In a range
above 70%, there are many restrictions on the design of the
pixel circuit unit PC which is to be disposed in each of the
pixel regions PA.

[0152] The first electrode 221 electrically connected to the
pixel circuit unit PC may be provided in each of the pixel
regions PA, and the pixel circuit unit PC may be overlapped
by the first electrode 221 such that it is hidden by the first
electrode 221. In addition, at least one of the conductive lines
including the scan line S, the data line D and the Vdd line V
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may pass the first electrode 221. Since the conductive lines do
not significantly deteriorate transmittance, compared to the
pixel circuit unit PC, all of the conductive lines may be
disposed adjacent to the first electrode 221 depending on
design conditions.

[0153] As described above, if the first electrode 221 is
formed as a reflective electrode including a reflective layer, it
may hide the pixel circuit unit PC and prevent or reduce the
distortion of an external image due to the pixel circuit unit PC
in each of the pixel regions PA.

[0154] Inanembodiment, and where the first electrode 221
is formed as a reflective electrode, light emitted from a pixel
proceeds only toward an observer. Therefore, an amount of
light lost in a direction away from the observer can be
reduced. In addition, since in some embodiments the first
electrode 221 hides various patterns of the pixel circuit unit
PC disposed thereunder, the observer can see a clearer trans-
mission image.

[0155] Referring to FIG. 12, the pixel region PA and the
transmission region TA may be located within a first region
R1.

[0156] In this embodiment, since a deposition assistant
layer 224 is located within the first region R1, it covers both
the pixel region PA and the transmission region TA. In addi-
tion, a conductive layer 223 may be disposed in a second
region R2 outside the first region R1.

[0157] A thickness t5 of the conductive layer 223 may be
greater than a thickness t6 of a second electrode 222, as
described above with reference to FIG. 3.

[0158] Since the deposition assistant layer 224 is formed of
a transparent organic material as described above with refer-
ence to FIG. 3, it may not affect light transmittance in the
transmission region TA. Details about the materials that form
the deposition assistant layer 224 and the conductive layer
223 and methods of forming the deposition assistant layer
224 and the conductive layer 223 have been described above
with reference to FIG. 3.

[0159] A buffer layer 211, a gate insulating layer 213, an
interlayer insulating film 215, a first insulating layer 218 and
a second insulating layer 219 may be formed of a transparent
insulating layer. Here, a substrate 10 may have transmittance
less than or equal to total transmittance of the above insulat-
ing layers.

[0160] Inoneembodiment, a transmissive window may be
formed in the transmission region TA by removing a portion
of the second electrode 222, thereby further increasing light
transmittance in the transmission region TA. Here, the trans-
missive window may be formed not only by removing the
second electrode 222 but also by further removing at least one
of the second insulating layer 219, the first insulating layer
218, the interlayer insulating film 215, the gate insulating
layer 213 and the buffer layer 211.

[0161] A conductive layer thin film 223' may further be
formed on the deposition assistant layer 224 in the process of
forming the conductive layer 223. A thickness t7 of the con-
ductive layer thin film 223' may be smaller than a thickness t5
of the conductive layer 223, as described above with refer-
ence to FIG. 3.

[0162] A transmittance measurement pattern unit 23 may
be formed on a region E1 of an inactive area E (see FIG. 1) of
the substrate 10. The transmittance measurement pattern unit
23 may include a deposition assistant layer pattern 234
formed on the substrate 10 and may further include a conduc-
tive layer pattern 233 formed on the deposition assistant layer
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pattern 234. The thickness t7 of the conductive layer thin film
223' can be estimated from a thickness t8 of the conductive
layer pattern 233. Therefore, a transmittance defect of the
display substrate can be detected based on a measured trans-
mittance value of the transmittance measurement pattern unit
23, as described above with reference to FIG. 3.

[0163] Inoneembodiment, the transmittance measurement
pattern unit 23 further includes a buffer layer pattern, a gate
insulating layer pattern, an interlayer insulating film pattern,
a first insulating layer pattern, a second insulating layer pat-
tern, and a second electrode pattern between the deposition
assistant layer pattern 234 and the substrate 10. That is, the
transmittance measurement pattern unit 23 may have a same
stacked structure as a portion P of the transmission region TA
of FIG. 12, or any one of the above patterns can be omitted.
[0164] FIG. 13 illustrates another embodiment of the
OLED unit 21 shown in FIGS. 11 and 12.

[0165] The embodiment of FIG. 13 includes embodiments
where one pixel includes red, green and blue sub-pixels to
emit white light. The embodiment of FIG. 13 also includes
embodiments where white light is emitted by sub-pixels hav-
ing colors other than red, green, and blue.

[0166] Inthisstructure, one transmission region TA may be
formed for each group of first electrodes 221a through 221¢
of three sub-pixels. In one embodiment, first through third
datalines D1 through D3 are electrically connected to the first
electrodes 221a through 221¢ of the three sub-pixels, respec-
tively. Also, a first Vdd line V1 may be electrically connected
to the first and second first electrodes 221a and 2215, and a
second Vdd line V2 may be electrically connected to the third
first electrode 221c.

[0167] Inthis structure, since one large transmission region
TA is formed for a plurality of sub-pixels, transmittance of the
entire display may be further increased, and image distortion
due to scattered light may be further decreased.

[0168] Inone embodiment, one large transmissive window
may be formed in the transmission region TA by removing a
portion of at least a second electrode. Here, the transmissive
window may be formed not only by removing the second
electrode but also by further removing at least one of a second
insulating layer, a first insulating layer, an interlayer insulat-
ing film, a gate insulating layer, and a buffer layer.

[0169] Aspects of embodiments of the present invention are
directed to a display substrate, in which a voltage drop in a
second electrode due to the formation of a conductive layer
can be prevented or reduced.

[0170] Aspects of embodiments of the present invention are
directed toward a display substrate and method of making the
same, in which an organic layer and/or a second electrode can
be prevented from being damaged (or damage to the organic
layer and/or the second electrode can be reduced) during a
process of forming the conductive layer, and the conductive
layer can be formed by a simpler process, which, in turn,
improves process efficiency.

[0171] Aspects of embodiments of the present invention are
directed toward a display substrate and method of making the
same, inwhich a defect resulting from a deposition defect that
may occur during the process of forming the conductive layer
can be detected more easily and rapidly.

[0172] However, aspects of embodiments of the present
invention are not limited to those specifically set forth herein,
as will become more apparent to one of ordinary skill in the
art to which the present invention pertains.
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[0173] While the present invention has been described in
connection with certain embodiments, it is to be understood
that the invention is not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifica-
tions and equivalent arrangements included within the spirit
and scope of the appended claims, and equivalents thereof. It
will be understood by those of ordinary skill in the art that
various changes in form and detail may be made without
departing from the spirit and scope of the present invention
and the embodiments should be considered in a descriptive
sense only and not for purposes of limitation.

What is claimed is:

1. A method of manufacturing a display substrate, the
method comprising:

forming a TFT on a substrate, the substrate comprising an

active area and an inactive area, the forming of the TFT
being on the active area of the substrate;

forming an OLED electrically connected to the TFT and

comprising a first electrode, an organic light-emitting
layer and a second electrode;

concurrently orsimultaneously forming a deposition assis-

tant layer on a first region of the second electrode with a
deposition assistant layer pattern on the inactive area of
the substrate;

concurrently or simultaneously forming a conductive layer

electrically connected to the second electrode, the form-
ing of the conductive layer comprising depositing a con-
ductive material on a second region of the second elec-
trode, which excludes the first region, with a
transmittance measurement pattern unit, the depositing
of the transmittance measurement pattern unit compris-
ing depositing the conductive material on the deposition
assistant layer pattern; and

measuring transmittance of the transmittance measure-

ment pattern unit to determine whether a defect is
present.

2. The method of claim 1, wherein the forming of the
deposition assistant layer and the deposition assistant layer
pattern comprises using a mask having openings correspond-
ing to regions in which the deposition assistant layer and the
deposition assistant layer pattern are to be formed.

3. The method of claim 1, wherein the forming of the
conductive layer and the transmittance measurement pattern
unit comprises using a mask having openings corresponding
to the active area and the transmittance measurement pattern
unit.

4. The method of claim 1, wherein the measuring of the
transmittance is performed directly after the forming of the
conductive layer.

5. The method of claim 1, wherein the measuring of the
transmittance is performed within a deposition chamber in
which the conductive material is deposited.
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6. The method of claim 1, wherein the measuring of the
transmittance is performed while the substrate having the
conductive material deposited thereon is being transferred.
7. The method of claim 1, wherein the measuring of the
transmittance comptrises:
irradiating light to the transmittance measurement pattern
with a light emitter on a first side of the substrate; and

receiving light transmitted through the substrate and the
transmittance measurement pattern with a light receiver
on a second side of the substrate, facing oppositely away
from the first side.

8. The method of claim 7, wherein light irradiated from the
light emitter to the transmittance measurement pattern unit is
perpendicular to the substrate.

9. The method of claim 1, wherein the second electrode is
formed as a light-transmissive thin film.

10. The method of claim 1, wherein the second electrode
comprises a metal selected from Ag, Mg, Al, Pt, Pd, Au, Ni,
Nd, Ir, Cr, Li, Ca, and an alloy thereof.

11. The method of claim 1, wherein the conductive mate-
rial comprises Mg.

12. The method of claim 1, wherein a thickness of the
conductive layer is equal to or greater than a thickness of the
second electrode.

13. The method of claim 1, wherein the deposition assistant
layer and the deposition assistant layer pattern comprises a
light-transmitting material.

14. The method of claim 1, wherein the deposition assistant
layer and the deposition assistant layer pattern comprise
8-quinolinolato lithium, N,N-diphenyl-N,N-bis(9-phenyl-
9H-carbazol-3-yl)biphenyl-4,4'-diamine, N(diphenyl-4-y1)9,
9-dimethyl-N-(4(9-phenyl-9H-carbazol-3-yl)phenyl)-9H-
fluorene-2-amine, or  2-(4-(9,10-di(naphthalene-2-yl)
anthracene-2-yl)phenyl)-1-phenyl-1H-benzo-[ D]imidazole.

15. The method of claim 1, wherein adhesion between the
conductive layer and the deposition assistant layer is weaker
than adhesion between the conductive layer and the second
electrode.

16. The method of claim 1, wherein the active area com-
prises a transmission region configured to transmit external
light and a pixel region adjacent to the transmission region,
wherein all or part of the transmission region and the pixel
region are located in the first region of the second electrode,
and wherein the first electrode is formed to overlap the pixel
region.

17. The method of claim 16, wherein the first electrode is
formed to overlap and hide the TFT.

18. The method of claim 17, wherein the transmission
region is formed such that a ratio of an area of the transmis-
sion region to the sum of an area of the pixel region and the
area of the transmission region is in a range of 5 to 90%.

19. The method of claim 1, further comprising outputting
an alarm signal based on detection of the defect.
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