a9y United States

LEE

US 20110024756A1

12) Patent Application Publication (o) Pub. No.: US 2011/0024756 A1

(43) Pub. Date: Feb. 3, 2011

(54) ORGANIC LIGHT EMITTING DISPLAY

(75)

(73)

1)
(22)

(30)

Jul. 30, 2009

Inventor:

Keun-Soo LEE, Yongin-City (KR)

Correspondence Address:
ROBERT E. BUSHNELL & LAW FIRM
2029 K STREET NW, SUITE 600
WASHINGTON, DC 20006-1004 (US)

Assignee:

Appl. No.:

Filed:

SAMSUNG MOBILE DISPLAY
CO., LTD., Yongin-City (KR)

12/847,127

Jul.

30,2010

Foreign Application Priority Data

(KR)

10-2009-0069926

Publication Classification

(51) Int.CL

HOIL 51/52 (2006.01)
(52) US.CL oo 257/59; 257/E51.018
(57) ABSTRACT

The general inventive concept relates to an organic light emit-
ting display that has the same area where the upper and lower
electrodes of a capacitor are overlapped for adjacent pixels,
for respective pixels that constitute the organic light emitting
display but implements the sizes of the upper and lower
electrodes to be different. This thereby prevents the display
quality of horizontal line shaped spot generated due to the
effects of a critical dimension (CD) distribution from being
degraded.

) NS %"fg
e O e -
& s s
SR LA AT /z/’/// LEdde / AL /ﬁ“\ A
1; ; i ! { ﬂ; 212
i ! i S
bt | | 210
| : » N
o esti, cat?
eb ey

o8t



Feb. 3,2011 Sheet1of2 US 2011/0024756 Al

Patent Application Publication

A3
= RuBwuo
= 2 EREINE DDBOIEG O
ot 2 Pors N FIRIE

/ = J v W M \v
| ) 1))/
S 7 71
: ! ,
m - m o e Yk
o B eh S ) 7N
e m i N = } e -1 "
mhtvv Vr e w\.m & m.ﬂ\m,u.m e et 5
; M ‘ teoned : - srrrd :
Wm.uaumw ! ] { g : =
i | .
m w 7B AN
e | /
ﬁg& w -
LY _ 2
u & _ e “ N
i <7 j
g i T i
(- i Gprmreny | . Z
i w T “ % S ’ 51 ,ﬂ.. ]
i ; | e s 558 N
H = i L i o] . % \\ :
I A - T g
= = A=
R
¥
Jldp N
framn | X
;wal i
3
2 = &
oy 4 =

1
oy

estl, eat?
st

P




Patent Application Publication  Feb. 3,2011 Sheet 2 of 2 US 2011/0024756 Al




US 2011/0024756 Al

ORGANIC LIGHT EMITTING DISPLAY

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application earlier filed in the Korean
Intellectual Property Office on 30 Jul. 2009 and there duly
assigned Serial No. 10-2009-0069926.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The general inventive concept relates to an organic
light emitting display, and more particularly, to an organic
light emitting display that prevents the display quality of
horizontal line shaped spot generated due to the effects of a
critical dimension (CD) distribution from being degraded.
[0004] 2. Description of the Related Art

[0005] Recently, flat panel displays (FPD), which solve
weight and volume disadvantages of the cathode ray tube
(CRT), and have the advantages of being compact and light-
weight, have been spotlighted. Among flat panel displays,
there are liquid crystal displays (LCD), organic light emitting
diode displays (OLED), field emitter displays (FED), plasma
display panels (PDP), etc.

[0006] Among other advantages, the organic light emitting
display has advantages in that it has a wider use temperature
range and is stronger against impact or vibration when com-
pared to other flat panel displays. It also has a wide viewing
angle and a rapid response speed which enable it to provide a
clean moving image, and it has therefore been spotlighted as
a next generation flat panel display.

[0007] The organic light emitting display is a display using
the phenomenon that when an electron and a hole injected
into a thin film of an organic material through an anode and a
cathode are recombined, they form an exciton, and light hav-
ing a specific wavelength is generated from the exciton. The
organic light emitting display as described above is consti-
tuted using self-light emitting elements, so that it does not
require a separate light source in contrast to a liquid crystal
display. The brightness of the organic light emitting elements
that constitute the organic light emitting display are con-
trolled by the amount of current flowing in the organic light
emitting elements.

[0008] Therefore, since the brightness of the organic light
emitting display is controlled by the amount of current flow-
ing in the organic light emitting elements, a more precise
deposition process should be performed when forming the
respective pixels.

[0009] The respective pixels of the organic light emitting
display are made by including various constituents such as a
transistor, a capacitor, etc., wherein they are formed through
a deposition process using a shadow mask or a fine metal
mask (FMM).

[0010] In this case, the capacity of the capacitor for each
pixel may be different due to the critical dimension distribu-
tion which is generated as a result of the deposition process
using the mask.

[0011] Forexample, in the case ofa capacitor formed on the
scan line for each pixel region, a problem arises in that a
horizontal line shaped spot is generated according to the CD
distribution generated in forming the electrode of the capaci-
tor.
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[0012] Inorder to reduce the effects of the CD distribution,
there is a method to lower the tolerance of the mask, that is, to
manufacture the mask more precisely, but this method is
disadvantageous in view of considerably higher manufactur-
ing costs.

SUMMARY OF THE INVENTION

[0013] An embodiment of the invention provides an
organic light emitting display that has the same area where the
upper and lower electrodes of a capacitor are overlapped per
adjacent pixels for respective pixels that constitute the
organic light emitting display but implements the sizes of the
upper and lower electrodes to be different, thereby preventing
the display quality of horizontal line shaped spot generated
due to the effects of a critical dimension (CD) distribution
from being degraded.

[0014] According to one aspect, there is provided an
organic light emitting display that includes at least one
capacitor for each pixel, including: a semiconductor layer that
is formed on a substrate and serves as a lower electrode of the
capacitor; a dielectric layer formed on the semiconductor
layer; and a first electrode layer that serves as an upper elec-
trode of the capacitor formed in the region on the dielectric
layer overlapped with the semiconductor layer, wherein the
width of the semiconductor layer and the width of the first
electrode layer overlapped therewith are implemented to be
different per adjacent pixels.

[0015] Further, the adjacent pixels may be an odd pixel of
the pixels arranged per respective scan line and an even pixel
adjacent to the odd pixel, wherein in the capacitor provided in
the even pixel, the width of the semiconductor layer is formed
to be wider than the width of the first electrode, and in the
capacitor provided in the odd pixel, the width of the first
electrode is formed to be wider than the width of the semi-
conductor layer.

[0016] Moreover, the first electrode layer may be coupled
to the scan lines arranged in a row direction to be imple-
mented in a form where a portion thereof is projected from the
scan lines, and the capacitor may be a boosting capacitor Cb
that is provided in each pixel.

[0017] With the embodiment as described above, the
organic light emitting display has the same area where the
upper and lower electrodes of a capacitor are overlapped per
adjacent pixels for respective pixels that constitute the
organic light emitting display but implements the sizes of the
upper and lower electrodes to be different. Therefore, the
above described embodiment of the invention has the advan-
tage of preventing the display quality of horizontal line
shaped spot generated from being degraded due to the effects
of a critical dimension (CD) distribution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
Junction with the accompanying drawings, in which like ref-
erence symbols indicate the same or similar components,
wherein:

[0019] FIG. 1 is a circuit view of each pixel of an organic
light emitting display according to an embodiment of the
present invention;
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[0020] FIG. 2 is a cross-sectional view showing capacitors
formed in each pixel of FIG. 1; and

[0021] FIGS. 3A and 3B are plan views of a boosting
capacitor according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0022] In the following detailed description, only certain
exemplary embodiments of the present invention have been
shown and described, simply by way of illustration. As those
skilled in the art would realize, the described embodiments
may be modified in various different ways, all without depart-
ing from the spirit or scope of the present invention. Accord-
ingly, the drawings and description are to be regarded as
illustrative in nature and not restrictive. In addition, when an
element is referred to as being “on” another element, it can be
directly on the other element or be indirectly on the other
element with one or more intervening elements interposed in
between. Also, when an element is referred to as being “con-
nected to” another element, it can be directly connected to the
other element or be indirectly connected to the other element
with one or more intervening elements interposed in between.
Hereinafter, like reference numerals refer to like elements.
[0023] Hereinafter, exemplary embodiments according to
the present invention will be described with reference to the
accompanying drawings.

[0024] FIG. 1 is a circuit view of each pixel of an organic
light emitting display according to an embodiment of the
present invention.

[0025] However, the pixel circuit shown in FIG. 1 is merely
one embodiment of the invention. The pixel circuit provided
in the organic light emitting display according to the embodi-
ment shown in FIG. 1 is not always limited thereto.

[0026] Referring to FIG. 1, the pixels 140 according to an
embodiment of the present invention include an organic light
emitting diode OLED and a pixel circuit 142 that is coupled to
a data line D, a scan line Sn, and a light emitting control line
En to control the organic light emitting diode OLED.

[0027] The anode electrode of the organic light emitting
diode OLED is coupled to the pixel circuit 142 and the cath-
ode electrode thereof is coupled to a second power supply
ELVSS. The second power supply ELVSS is set to a voltage
lower than that of a first power supply ELVDD. Such an
organic light emitting diode OLED generates light having any
one of red, green and blue corresponding to the amount of
current supplied from the pixel circuit 142.

[0028] The pixel circuit 142 includes a storage capacitor
Cstand a sixth transistor M6 coupled between the first power
supply ELVDD and an initialization power supply Vint, a
fourth transistor M4, a first transistor M1, and a fifth transistor
MS coupled between the first power supply ELVDD and the
organic light emitting diode OLED, a third transistor M3
coupled between the gate electrode and the second electrode
of the first transistor M1, a second transistor M2 coupled
between the data line D and the first electrode of the first
transistor M1, and a boosting capacitor Cb coupled between
the gate electrode of the first transistor M1 and the gate
electrode of the second transistor M2,

[0029] Herein, the first electrode is set to any one of the
drain electrode and the source electrode, and the second elec-
trode is set to an electrode other than the first electrode. For
example, if the first electrode is set to the source electrode, the
second electrode is set to the drain electrode. Furthermore,
although the first to sixth transistors M1 to M6 are illustrated
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as P-type MOSFET’s in FIG. 1, the embodiment is not limited
thereto. If the first to sixth transistors M1 to M6 are N type
MOSFET’s, the polarity of the driving waveform is inversed
as known to those skilled in the art.

[0030] The first electrode of the first transistor M1 is
coupled to the first power supply ELVDD via the fourth
transistor M4, and the second electrode thereof is coupled to
the organic light emitting diode OLED via the fifth transistor
MS5. The gate electrode of the first transistor M1 is coupled to
a first node N1. Such a first transistor M1 supplies the voltage
charged in a storage capacitor Cst, that is, the current corre-
sponding to the voltage applied to the first node N1, to the
organic light emitting diode OLED.

[0031] The first electrode of the third transistor M3 is
coupled to the second electrode of the first transistor M1, and
the second electrode thereofis coupled to the gate electrode of
the first transistor M1. And, the gate electrode of the third
transistor M3 is coupled to the s scan line Sn. When the scan
signal is supplied to the n scan line Sn, such a third transistor
M3 is turned on to couple the first transistor M1 in a diode
form. In other words, when the third transistor M3 is turned
on, the first transistor M1 is coupled in a diode form.

[0032] The first electrode of the second transistor M2 is
coupled to the data line D, and the second electrode thereof is
coupled to the first electrode of the first transistor M1. The
gate electrode of the second transistor M2 is coupled to the n
scan line Sn. When the scan signal is supplied to the n scan
line Sn, such a second transistor M2 is turned on to supply the
data signal supplied to the data line D to the first electrode of
the first transistor M1.

[0033] The first electrode of the fourth transistor M4 is
coupled to the first power supply ELVDD, and the second
electrode thereof is coupled to the first electrode of the first
transistor M1. The gate electrode of the fourth transistor M4
is coupled to the light emitting control line En. When the light
emitting control signal is not supplied (that is, when the low
light emitting control signal is supplied), the fourth transistor
M4 is turned on to couple the first power supply ELVDD
electrically to the first transistor M1.

[0034] The first electrode of the fifth transistor M5 is
coupled to the first transistor M1, and the second electrode
thereof is coupled to the organic light emitting diode OLED.
The gate electrode of the fifth transistor M5 is coupled to the
light emitting control line En. When the light emitting control
signal is not supplied (that is, when the low light emitting
control signal is supplied), the fifth transistor M5 is turned on
to couple the first transistor electrically to the organic light
emitting diode OLED.

[0035] The first electrode of the sixth transistor M6 is
coupled to the storage capacitor Cst and the gate electrode of
the first transistor M1 (that is, the first node N1), and the
second electrode thereof'is coupled to the initialization power
supply Vint. The gate electrode of the sixth transistor M6 is
coupled to an n-1 scan line Sn-1. When the scan signal is
supplied to the n-1 scan line Sn-1, the sixth transistor M6 is
turned on to initialize the first node N1. To this end, the
voltage value of the initialization power supply Vint is set to
be lower than the voltage value of the data signal.

[0036] The storage capacitor Cst is coupled between the
first power supply ELVDD and the first node N1, wherein the
voltage corresponding to the data signal input per pixel is
stored therein.

[0037] Further, the boosting capacitor Cb is coupled
between the first node N1 and the n scan line Sn. The boosting
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capacitor Cb is provided in order to solve the problem that the
data signal stored in the storage capacitor Cst is charged with
the voltage lower than the desired voltage to lead in accuracy
in displaying low gray scale. Therefore, the boosting capaci-
tor Ch serves to increase the voltage of the first node N1 when
the supply of the scan signal stops, making it possible to solve
the problem.

[0038] FIG. 2 is a cross-sectional view showing capacitors
formed in each pixel of FIG. 1. Although only capacitors are
illustrated in FIG. 2 for convenience, a plurality of transistors
are additionally formed in each actual pixel.

[0039] Referring to FIG. 2, each pixel of the embodiment
includes a semiconductor layer 212, a first electrode layer
2164, a second electrode layer 2165, and a third electrode
layer 220, that are formed on a substrate 210 to form the
capacitors Cb and Cst. In other words, at least one of the
capacitors Cb and Cst may be formed in a dual capacitor form
so that it may secure sufficient capacity.

[0040] Moreover, each pixel further includes a first dielec-
tric layer 214 and a second dielectric layer 218 so that the
semiconductor layer 212, the first electrode layer 216a, the
second electrode layer 2165, and the third electrode layer 220
can be isolated therefrom.

[0041] First, the semiconductor layer 212 is formed on the
substrate 210. The semiconductor layer 212, which is formed
using the same material as that of a semiconductor layer
forming the channel of the transistors, is formed simulta-
neously with the transistor channel and serves as the lower
electrode of the capacitor. As an example, the semiconductor
layer 212 can be made of poly-Si.

[0042] After the semiconductor layer 212 is formed on the
substrate 210, the first dielectric layer 214 is formed on the
semiconductor layer 212. The first dielectric layer 214 iso-
lates the first electrode layer 2164 and the second electrode
layer 216 to be formed later from the semiconductor layer
212.

[0043] Thereafter, the first electrode layer 2164 is formed
in the region where the boosting capacitor Cb is formed
simultaneously with forming the second electrode layer 2165
in the region where the storage capacitor Cst is formed. In this
case, the capacity of the storage capacitor Cst is set to be
larger than the capacity of the boosting capacitor Cb so that
the length of the second electrode layer 2165 is set to be
longer than the length of the first electrode layer 216¢. Mean-
while, the first electrode layer 2164 and the second electrode
layer 2165 are made of the same material as that of the gate
electrodes of the transistors and the scan line.

[0044] In particular, the first electrode layer 216a is imple-
mented by being coupled to the scan line as shown in FIG. 1.
In other words, the first electrode layer 2164 is formed in a
shape where a portion thereof'is projected from the scan line
per pixel coupled to the scan lines for the scan lines arranged
in a row direction.

[0045]  After the first electrode layer 2164 and the second
electrode layer 216 are formed, the second dielectric layer
218 is formed to cover the first electrode layer 2164 and the
second electrode layer 2165. The second dielectric layer 218
isolates the first electrode layer 2164 and the second electrode
layer 2165 electrically from a third electrode layer 220 to be
formed later.

[0046] After the second dielectric layer 218 is formed, a
contact hole is formed so that the semiconductor layer 212 is
exposed between the first dielectric layer 2164 and the second
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dielectric layer 2165. And, a third electrode layer 220 is
formed to be coupled to the semiconductor layer 212 through
the contact hole.

[0047] Herein, the third electrode layer 220 is formed to
implement a dual capacitor. The capacity of the storage
capacitor Cst is set to be larger than the capacity of the
boosting capacitor Cb so that the third electrode layer 220 is
formed on the position overlapped with the second electrode
layer 216b, as shown in the drawing.

[0048] If the third electrode layer 220 is formed as
described above, the forming of the storage capacitor Cst and
the boosting capacitor Cb is completed.

[0049] Inother words, the boosting capacitor Cb is formed
through the region where the semiconductor layer 212 is
overlapped with the first electrode layer 2164, and the storage
capacitor Cst is formed through the region where the semi-
conductor layer 212 is overlapped with the second electrode
layer 2164 and the region where the second electrode layer
2165 is overlapped with the third electrode layer 220.
[0050] In the case of the pixel described with reference to
FIGS. 1 and 2, the upper electrode 216a of the boosting
capacitor Cb is implemented in the form to be coupled to the
scan line. Therefore, during the process of forming the upper
or the lower electrode of the boosting capacitor Cb, a problem
may arise in that a horizontal line shaped spot per scan line
may be generated according to the CD distribution.

[0051] In other words, there may be a difference in the
overlapped area of the upper electrode and the lower elec-
trode that determines the capacity of the boosting capacitor
according to the CD distribution. In this case, the capacity of
the boosting capacitor becomes different so that a horizontal
line shaped spot may be displayed.

[0052] Inorder to solvethe problem, an embodiment of the
present invention has the same area where the upper and the
lower electrodes of the boosting capacitor are overlapped per
adjacent pixels for the pixels arranged per the respective scan
lines but alternately arranges the pixels so that the sizes of the
upper and the lower electrodes of the capacitor become dif-
ferent, Therefore, although the CD distribution is generated in
the process of forming any one layer, that is, any one electrode
of the upper electrode and the lower electrode, the embodi-
ment can prevent line spot from being generated in the
entirety in the row direction.

[0053] FIGS. 3A and 3B are plan views of a boosting
capacitor according to an embodiment of the present inven-
tion.

[0054] First, referring to FIG. 3A, the width of the semi-
conductor layer 212 serving as the lower electrode is formed
to be wider than the width of the first electrode layer 216a
serving as the upper electrode.

[0055] At this time, the first electrode layer 216a is imple-
mented in the form where it is coupled to the scan line 310 and
a portion thereof is projected from the scan line 310, as
described with reference to FIG. 2.

[0056] In other words, in FIG. 3A, the capacity of the
boosting capacitor Ch is determined by the overlapped area of
the semiconductor layer 212 and the first electrode layer
216a.

[0057] In this case, since the width of the semiconductor
layer 212 is formed to be wider than the width of the first
electrode layer 2164, the overlapped area becomes different
according to the CD distribution when forming the first elec-
trode layer 2164 so that the capacity of the boosting capacitor
Cb becomes different.
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[0058] Inother words, when the width of the first electrode
layer 2164 becomes narrow according to the CD distribution,
the overlapped area of the semiconductor layer 212 and the
first electrode layer 216a becomes small and makes the
capacity of the boosting capacitor Cb small.
[0059] Next, referring to FIG. 3B, the width of the first
electrode 2164' serving as the upper electrode is formed to be
wider than the width of the semiconductor layer 212' serving
as the lower electrode.
[0060] In this case, since the width of the first electrode
layer 2164 is formed to be wider than the width of the semi-
conductor layer 212", the overlapped area becomes different
according to the CD distribution when forming the semicon-
ductor layer 212' so that the capacity of the boosting capacitor
Cb becomes different.
[0061] In other words, when the width of the semiconduc-
tor layer 212' becomes narrow according to the CD distribu-
tion, the overlapped area of the semiconductor layer 212' and
the first electrode layer 216a' becomes small and makes the
capacity of the boosting capacitor Cb small.
[0062] Therefore, the embodiment has the same area where
the upper and lower electrodes of the boosting capacitor are
overlapped per adjacent pixels for the pixels arranged per the
respective scan lines but allows the even pixels per the respec-
tive scan lines to adopt the boosting capacitor shown in FIG.
3A and allows the odd pixels per the respective scan lines to
adopt the boosting capacitor shown in FIG. 3B so that the
sizes of the upper and lower electrodes become different.
Therefore, although a CD distribution is generated in the
process of forming any one layer, that is, any one electrode of
the upper electrode and the lower electrode, the embodiment
can prevent the horizontal line spot from being generated in
the entirety in the row direction.
[0063] While the present invention has been described in
connection with certain exemplary embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover vari-
ous modifications and equivalent arrangements included
within the spirit and scope of the appended claims, and
equivalents thereof.
What is claimed is:
1. An organic light emitting display that includes at least
one capacitor for each pixel, comprising:
asemiconductor layer on a substrate that serves as a lower
electrode of a capacitor;
adielectric layer disposed on the semiconductor layer; and
a first electrode layer that serves as an upper electrode of
the capacitor disposed in the region on the dielectric
layer overlapped with the semiconductor layer, and
the width of the semiconductor layer and the width of the
first electrode layer overlapped therewith are different
for adjacent pixels.
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2. The organic light emitting display as claimed in claim 1,
wherein the adjacent pixels are an odd pixel of the pixels
arranged per respective scan line and an even pixel adjacent to
the odd pixel.

3. The organic light emitting display as claimed in claim 2,
wherein in the capacitor provided in the even pixel, the width
of the semiconductor layer is wider than the width of the first
electrode.

4. The organic light emitting display as claimed in claim 2,
wherein in the capacitor provided in the odd pixel, the width
of the first electrode is wider than the width of the semicon-
ductor layer.

5. The organic light emitting display as claimed in claim 1,
wherein the first electrode layer is made of the same material
as a scan line and projects from a scan line.

6. The organic light emitting display as claimed in claim 1,
wherein the capacitor is a boosting capacitor that is provided
in each pixel.

7. An organic light emitting display that includes odd pix-
els and even pixels arranged on a scan line and at least one
capacitor for each pixel, comprising:

a semiconductor layer on a substrate that serves as a lower

electrode of a capacitor;

a dielectric layer disposed on the semiconductor layer;

a first electrode layer that serves as an upper electrode of a
capacitor disposed in the region on the dielectric layer
overlapped with the semiconductor layer; and

in even pixels on the scan line, the width of the semicon-
ductor layer is wider than the width of the first electrode;

in odd pixels adjacent to an even pixel on the scan line, the
width of the first electrode is wider than the width of the
semiconductor layer.

8. The organic light emitting display of claim 7, wherein
the first electrode layer is made of the same material as a scan
line and projects from a scan line.

9. The organic light emitting display of claim 7, wherein
the capacitor for each pixel is a boosting capacitor.

10. The organic light emitting display of claim 7, wherein
the semiconductor layer comprises poly-Si.

11. The light emitting display of claim 7, wherein each
pixel further comprises a storage capacitor.

12. The light emitting display of claim 11, wherein the
storage capacity of the storage capacitor is larger than the
storage capacity of the booster capacitor.

13. The light emitting display of claim 7, wherein each
pixel comprises at least one transistor.

14. The light emitting display of claim 13, wherein the
semiconductor layer comprises the same material as the chan-
nel of a transistor.
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