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Description

BACKGROUND OF THE INVENTION

1.Field of the Invention

[0001] The present invention relates to a display de-
vice, and more particularly to an organic light emitting
diode display having shield electrodes.

2.Description of the Prior Art

[0002] The polymeric or organic light emitting diodes
(OLEDs) are electroluminescent(EL) layers that emit
light generated by radiative recombination of injected
electrons and holes within one or more organic EL layers
or an organic EL region thereof.

[0003] The OLED displays employing the OLED have
been attracting more attention because of their various
advantages including simple structures, fast response
times and wide viewing angles.

[0004] FIG. 1A is a top view of a general active matrix
OLED(AMOLED) display device. InFIG. 1A, a reference
numeral 10 denotes an OLED display device. The OLED
display device 10 has an OLED display 12, a gate mul-
tiplexer 16, and adriver 18. The OLED display 12 consists
of a plurality of pixels 14 in a matrix array form for dis-
playing images, for example. A reference numeral C de-
notes a portion of the OLED display 12 in store for en-
largement of pixels

[0005] FIG. 1B is a partially enlarged view of the OLED
display of FIG. 1A, taken from the portion C of FIG. 1A.
As shown in FIG. 1B, each of the pixels 14 has an OLED
22 and a thin-film (TFT) drive circuit 24. Address and
datalinesin FIG. 1B are connected to the gate multiplexer
16 and the driver 18, respectively, as shown in FIG. 1A.
[0006] FIG. 1Cis a cross-sectioned view for one pixel,
taken along lines A-A’ of FIG. 1B, showing that the OLED
22 and the TFT drive circuit 24 are formed on a glass
substrate 32.

[0007] The substrate 32 may be transparent or
opaque. Thus, the OLED display may be configured to
emit light through the substrate 32 or through the cathode
layer. FIG. 1C shows such a pixel emitting light through
the substrate 32.

[0008] In the OLED 22, the anode layer is typically
made of a transparent conducting material, while the
cathode layer is typically made of a conducting metal with
a low work function.

[0009] The anode layeris formed as a transparent bot-
tom electrode, while the cathode layer is formed as a
continuous top electrode over the OLED layer.

[0010] In a general AMOLED display, itis important to
ensure that the aperture ratio orfill factor, whichis defined
as the ratio of light emitting display area to the total pixel
area, should be high enough to ensure display quality.
[0011] The AMOLED display 10 in FIG. 1A is based
on light emission through an aperture on the glass sub-
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strate 32 where the backplane electronics is integrated.
Increasing the on-pixel density of TFT integration for sta-
ble drive current reduces the size of the aperture. The
same problem happens when pixel sizes are scaled
down.

[0012] The solution to having an aperture ratio that is
invariant on scaling or on-pixel integration density is to
vertically stack the OLED layer on the backplane elec-
tronics or the TFT drive circuit, along with a transparent
top electrode. FIG. 2 is a cross-sectioned view for a pixel
formed with an OLED vertically stacked on the backplane
electronics. In FIG. 2, a reference number 14 denotes
the pixel. The pixel 14 has the OLED 31 and the back-
plane electronics 24 which are vertically stacked on the
substrate 32. Reference numerals T1 and T2 denote thin-
film transistors respectively. A more description of FIG.
2 can be found, later, when FIG. 3 is described.

[0013] The operations of the AMOLED display device
10 having the above structure will be described in detail
with reference to FIGs. 1A-1D.

[0014] FIG. 1D is a view for showing an equivalent cir-
cuit of FIG. 1C. A 2-transistor driver circuit realized, for
example, in polysilicon technology is illustrated for the
equivalent circuit. The equivalent circuit can be applied
to the AMLOED display as shown in FIG. 2 using amor-
phous silicon technology but with variation in TFT type
and OLED location.

[0015] When a voltage Vaddress from the gate multi-
plexer 16 activates one of the address lines, a thin-film
transistor T1 is turned on so that a voltage Vdata from
the driver 18 starts charging a capacitor Cs through one
of the data lines. At this time, the voltage Vdata also caus-
es a gate capacitance of a driver thin-film transistor T2.
Depending on the voltage Vdata on the data line, the
capacitor Cs charges up to turn the driver transistor T2
on, which then starts conducting to drive the OLED 22
with an appropriate level of current. When the address
line is turned off, the transistor T1 is turned off, and a
voltage at the gate of the driver transistor T2 remains
almost the same. Hence, the current through the OLED
remains unchanged after the turn-off of the transistor T1.
The current of the OLED changes only the next time
around when a different voltage is written into the pixel.
[0016] However, the continuous back electrode can
give rise to parasitic capacitance causing the leakage
current of the transistor T1, whose effects can become
significant enough to affect the operation of the driver
transistor T2 when the continuous back electrode runs
over the switching and other thin film transistors. That s,
the presence of the continuous back electrode can in-
duce a parasitic channel in thin-film transistors giving rise
to high leakage current. The leakage currentis the current
that flows between the source and drain of the thin-film
transistor T1 when the gate of the thin-film transistor T1
is in its OFF state.

[0017] The leakage current could drain away the
charge on the gate of the driver thin-film transistor T2 by
discharging the capacitance that keeps it continuously in
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its ON state. Accordingly, it adds to the total power con-
sumption of the display.

[0018] EP A0 940 796 describes an active matrix dis-
play having a bank layer formed along data lines and
scanning lines.

[0019] EP A 1 028 471 describes an electrolumines-
cence (EL) display device having an EL element where
the cathode of the EL element is disposed in a region
other than the drive circuit region.

[0020] JP 09090405 describes a TFT having an upper
gates and a lower gate.

[0021] JP 2000 172199 describes an electrolumines-
cence display having a TFT where a shading material is
formed on the active layer of the TFT.

[0022] JP 2000352941 describes adisplay device hav-
ing shielding conductor film which is arranged on upper
surface of channel to cut off influence of electric field from
drain to thin film transistor and stabilize supplied current.

SUMMARY OF THE INVENTION

[0023] Itis an object of the presentinvention to provide
apolymeric or organic light emitting diode(OLED) display
having shield electrodes for minimizing parasitic capac-
itances to enhance the performance thereof.

[0024] It is another object of the present invention to
provide an OLED display having shield electrodes for
allowing surface emission through vertical pixel circuitry
integration for a high aperture ratio.

[0025] The architecture enables high density drive cir-
cuit integration in amorphous silicon or other technolo-
gies, yet preserving the high aperture ratio.

[0026] These objects are solved by the present inven-
tion as claimed in the independent claim. Advantageous
embodiments of the invention are defined by the depend-
ent claims.

[0027] An OLEDdisplay according to an example com-
prises a substrate, and a plurality of pixels formed on the
substrate and each having a unit for reducing parasitic
capacitances causing leakage currents therein.

[0028] The parasitic capacitance reducing unit is
formed with at least one shield electrode of electric con-
ductor. Further, the pixels each include an OLED layer
for emitting light; and a drive circuit for electrically driving
the OLED layer, the at least one shield electrode being
disposed between the OLED layer and the drive circuit.
[0029] The OLED layer includes an anode layer, an
electroluminescent layer, and a cathode layer, and the
drive circuit has at least one thin-film transistor, the at
least one shield electrode being disposed to correspond
to the atleast one thin-film transistor between the cathode
layer and the at least one thin-film transistor. The at least
one shield electrode covers an entire region between a
source and a drain of the at least one thin-film transistor.
Preferably, the at least one shield electrode is disposed
closer to the cathode layer.

[0030] The OLED layer and the drive circuit are verti-
cally stacked over the substrate, the vertically stacked
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OLED layer and the drive circuit can form a top emission,
and the drive circuit is formed in inverted staggered thin-
film transistor structure. The at least one shield electrode
can be formed of Aluminium, Molybdenum, or a standard
metallization layer in LCD process in a rectangular
shape. The parasitic capacitance reducing unit can be
electrically grounded or tied to a gate of the at least one
thin-film transistor.

[0031] The OLED display according to the presentin-
vention minimizes parasitic capacitance in the drive cir-
cuit and leakage currents in the thin-film transistors by
holding the voltage at the gate of the driver thin-film tran-
sistor.

[0032] Further, the OLED display according to the
present invention allows the OLED layer to be vertically
stacked on the backplane electronics, along with a trans-
parent top electrode for the top or surface emission.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The above objects and features of the present
invention will become more apparent by describing in
detail a preferred embodiments thereof with reference to
the attached drawings, in which:

FIG. 1A is a top view of a general active matrix
OLED(AMOLED) display with driving units;

FIG. 1B is a partially enlarged view of the AMOLED
display of FIG. 1A;

FIG. 1Cis a cross-sectioned view for one pixel, taken
along lines A-A’ of FIG. 1B;

FIG. 1D is a view for showing an equivalent circuit
of FIG. 1C;

FIG. 2 is a cross-sectioned view for a pixel formed
with an OLED vertically stacked on backplane elec-
tronics;

FIG. 3 is a cross-sectioned view for showing a pixel
of an AMOLED display with shield electrodes formed
over a drive circuit according to an embodiment of
the present invention;

FIG. 4 is a view for showing the pixel of FIG. 3 with
parasitic capacitance induced during operation
thereof;

FIG. 5 is a view for showing a first equivalent circuit
of FIG. 4; and

FIG. 6 is a view for showing a second equivalent
circuit of FIG. 4.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0034] Hereinafter, descriptions will be made in detail
on an organic light emitting diode display according to
the embodiments of the present invention with reference
to the accompanying drawings. Like reference numerals
denotes like constituents throughout the disclosure.

[0035] FIG. 3 is a cross-sectioned view for showing a
pixel of an AMOLED display with shield electrodes
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formed over a drive circuit according to an embodiment
of the present invention.

[0036] As stated above, the AMOLED display consists
of a matrix array of pixels, but FIG. 3 shows only one
pixel for the sake of simplicity in description.

[0037] AsshowninFIG. 3,apixel30includesan OLED
layer 31, intermediate or shield electrodes SE, a drive
circuit 34, and a substrate 32.

[0038] The OLED 31 has an anode electrode or an
anode layer 31A, an EL layer 31B, and a cathode layer
31C. FIG. 3 shows the top or surface emission pixel. The
cathode electrode 31C forms a continuous back elec-
trode.

[0039] Thedrivecircuit 34 consists of two thin-film tran-
sistors T1and T2. The drive circuit 34 may be constructed
with more than two thin-film transistors, and the pixel 30
is structured with the OLED 31 vertically stacked over
drive circuit 34 formed on the substrate 32. The drive
circuit 34 is formed with inverted staggered thin-film tran-
sistor structures. The a-Si:H and a-SiN:H denotes mate-
rials employed for the pixel 30. FIG. 3 also shows the
pixel 30 has a dielectric layer between the cathode layer
31C and the drive circuit 34.

[0040] The TFT transistor T1 has a source S1, a drain
D1, and a gate G1, and the TFT transistor T2 consists
of a source S2, a drain D2, and a gate G2. In FIG. 3, the
source S2 of the thin-film transistor T2 is electrically con-
nected to the cathode layer 31C.

[0041] The substrate 32 may be made of glass, plastic,
or semiconductor wafer which is known to one skilled in
the art.

[0042] Theshield electrodes SE are disposed between
the OLED 31 and the drive circuit 34. The shield elec-
trodes SE are preferably located closer to the continuous
back electrode 31C.

[0043] Shield electrodes SE may be formed of Alumin-
ium or Molybdenum, and a standard metallization layer
in the LCD process may be formed for the shield elec-
trodes SE.

[0044] The shield electrodes SE are formed, for exam-
ple, in a rectangular shape, and should cover the entire
region between the source and drain of each of the thin-
film transistors T1 and T2. The shield electrodes SE are
electrically either grounded or tied to the gates of the thin-
film transistors T1 and T2, respectively.

[0045] FIG. 4 is a view for showing the pixel of FIG. 3
with parasitic capacitances Cp1 and Cp2 induced during
operation thereof.

[0046] FIG. 5 is a view for showing a first equivalent
circuit of FIG. 4, in which the shield electrodes SE are
electrically tied to the gates of the driver TFT transistors
T1 and T2, respectively.

[0047] FIG. 6isaview for showingasecond equivalent
circuit of FIG. 4, in which the shield electrodes SE are
electrically grounded.

[0048] FIGs. 4, 5, and 6 show that, during the opera-
tions of the pixel 30, the parasitic capacitances Cp1 and
Cp2 are induced between the continuous back electrode
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31C and the shield electrodes SE.

[0049] The operations of the pixel having the shield
electrodes SE as shown in FIGs. 4, 5, and 6 are still the
same as those of FIG. 1D, even though the shield elec-
trodes SE are electrically connected to either ground or
the gates of the thin-film transistors respectively. Thatis,
when a voltage Vaddress from the gate multiplexer 16
activates one of the address lines, a thin-film transistor
T1 is turned on so that a voltage Vdata from the driver
18 starts charging a capacitor Cs through one of the data
lines. At this time, the voltage Vdata also causes a gate
capacitance of a driver thin-film transistor T2. Depending
on the voltage Vdata on the data line, the capacitor Cs
charges up to turn the driver transistor T2 on, which then
starts conducting to drive the OLED 22 with an appropri-
ate level of current. When the address line is turned off,
the transistor T1 is turned off, and a voltage at the gate
of the driver transistor T2 remains almost the same.
Hence, the current through the OLED remains un-
changed after the turn-off of the transistor T1. The current
of the OLED changes only the next time around when a
different voltage is written into the pixel. At this time, the
continuous back electrode can give rise to parasitic ca-
pacitance causing the leakage current of the transistor
T1. In order to minimize the effect of the parasitic capac-
itance, the shield electrodes SE are introduced. That is
during the above operation the shield electrodes SE
shield electric potentials from propagating through to the
thin-film transistors T1 and T2, hence preventing electric
charges from being induced in the undesired regions of
the pixel 30, and the parasitic capacitances Cp1 and Cp2
caused by the shield electrodes SE serve to stabilize the
OLED operations by holding the voltage at the cathode
steady.

[0050] Although the preferred embodiments of the
present invention have been described, it will be under-
stood by those skilled in the art that the present invention
should not be limited to the described preferred embod-
iments, but various changes and modifications can be
made within the scope of the presentinvention as defined
by the appended claims.

Claims

1. An organic light emitting diode, "OLED", display,
comprising:

a substrate (32); and

a plurality of pixels (30) formed on the substrate
(32), each pixel of said plurality of pixels (30)
comprising:

an OLED (31) having:
an anode layer (31 A),

a cathode layer (31 C), and
an electroluminescent layer (31 B) dis-
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posed between the anode layer (31 A)
and the cathode layer (31 C),

a drive circuit (34) including a driver thin-
film transistor (T2) for driving the OLED (31)
and a switching thin-film transistor (T1) for
selectively coupling the driver thin-film tran-
sistor (T2) to a data line (Vdata),

wherein the drive circuit (34) is formed in an
inverted staggered thin-film structure and
is vertically stacked over the substrate (32),
the OLED (31) being vertically stacked over
the drive circuit (34);

characterized in that
each pixel of said plurality of pixels (30) further
comprises:

a first shield electrode (SE) disposed be-
tween the cathode layer (31C) and the
switching thin-film transistor (T1), and a
second shield electrode (SE) disposed be-
tween the cathode layer (31 C) and the driv-
er thin-film transistor (T2), wherein the first
and second shield electrodes (SE) are
made from an electric conductor and are
arranged to cover an entire region between
a source (S1, S2) and a drain (D1, D2) of
the firstand second thin-film transistors (T1,
T2), respectively, thereby reducing parasit-
ic capacitances induced between the cath-
ode layer (31 C) and the thin-film transistors
(T1, T2) as well as leakage current of the
switching transistor (T1) when a gate of the
switching transistor (T1) is in an OFF state.

The OLED display as claimed in claim 1, wherein
the first and second shield electrodes (SE) are elec-
trically connected to ground.

The OLED display as claimedin claim 1 or 2, wherein
the first and second shield electrodes (SE) are elec-
trically tied to the gates of the switching thin-film tran-
sistor (T1) and the driver thin-film transistor (T2), re-
spectively.

The OLED display as claimed in any one of claims
1 to 3, wherein the pixels (30) are each formed for a
top emission in which light is directed away from the
substrate (32).

The OLED display as claimed in any one of claims
1to 4, wherein the first and second shield electrodes
(SE) are formed of a metallization layer.

The OLED display as claimed in any one of claims
1to 4, wherein the first and second shield electrodes
(SE) are formed in a rectangular shape.
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7. The OLED display as claimed in any one of claims
1 to 4, wherein the first and second shield electrodes
(SE) are formed of aluminium or molybdenum.

8. The OLED display as claimed in any one of claims
1to 7, wherein the drive circuit (34) is formed in amor-
phous silicon.

Patentanspriiche

1. Anzeigevorrichtung mit organischen Leuchtdioden,

"OLED", die umfasst:

ein Substrat (32); und

eine Vielzahl auf dem Substrat (32) ausgebilde-
ter Pixel (30), wobei jedes Pixel der Vielzahl von
Pixeln (30) umfasst:

eine OLED (31), die aufweist:

eine Anodenschicht (31A),

eine Kathodenschicht (31 C), und
eine Elektrolumineszenzschicht (31 B),
die zwischen der Anodenschicht (31A)
und der Kathodenschicht (31 C) ange-
ordnet ist,

eine Ansteuerschaltung (34), die einen An-
steuer-Dinnfilmtransistor (T2) zum Ansteu-
ern der OLED (31) und einen Schalt-Diinn-
filmtransistor (T1) zum selektiven Koppeln
des Ansteuer-Dinnfilmtransistors (T2) mit
einer Datenleitung (Vdata) enthalt,

wobei die Ansteuerschaltung (34) in einer
invertierten gestaffelten ("inverted stagge-
red") DiUnnfilmstruktur ausgebildet ist und
vertikal auf das Substrat (32) geschichtetist
und die OLED (31) vertikal auf die Ansteu-
erschaltung (34) geschichtet ist;

dadurch gekennzeichnet, dass
jedes Pixel der Vielzahl von Pixeln (30) des Wei-
teren umfasst:

eine erste Schirmelektrode (SE), die zwi-
schen der Kathodenschicht (31 C) und dem
Schalt-Dinnfilmtransistor (T1) angeordnet
ist, sowie eine zweite Schirmelektrode (SE),
die zwischen der Kathodenschicht (31 C)
und dem Ansteuer-Dinnfilmtransistor (T2)
angeordnet ist, wobei die erste und die
zweite Schirmelektrode (SE) aus einem
elektrischen Leiter bestehen und so ange-
ordnet sind, dass sie einen gesamten Be-
reich zwischen einer Source (S1, S2) und
einem Drain (D1, D2) des ersten bzw. des
zweiten DlUnnfilmtransistors (T1, T2) abde-
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cken und so zwischen der Kathodenschicht
(31 C) und den Dinnfilmtransistoren (T1,
T2) induzierte parasitare Kapazitaten sowie
einen Leckstrom des Schalt-Transistors
(T1) reduzieren, wenn sich ein Gate des
Schalt-Transistors (T1) in einem gesperrten
Zustand befindet.

OLED-Anzeigevorrichtung nach Anspruch 1, wobei
die erste und die zweite Schirmelektrode (SE) elek-
trisch mit Erde verbunden sind.

OLED-Anzeigevorrichtung nach Anspruch 1 oder 2,
wobei die erste und die zweite Schirmelektrode (SE)
elektrisch an die Gates des Schalt-Dinnfilmtransis-
tors (T1) bzw. des Ansteuer-Dinnfilmtransistors
(T2) gebunden sind.

OLED-Anzeigevorrichtung nach einem der Anspri-
che 1 bis 3, wobei die Pixel (30) jeweils flr eine Emis-
sion nach oben ("top emission") ausgebildet sind,
bei der Licht von dem Substrat (32) weg gerichtet
wird.

OLED-Anzeigevorrichtung nach einem der Anspri-
che 1 bis 4, wobei die erste und die zweite Schirme-
lektrode (SE) aus einer Metallisierungsschicht aus-
gebildet sind.

OLED-Anzeigevorrichtung nach einem der Anspri-
che 1 bis 4, wobei die erste und die zweite Schirme-
lektrode (SE) in einer rechteckigen Form ausgebildet
sind.

OLED-Anzeigevorrichtung nach einem der Anspri-
che 1 bis 4, wobei die erste und die zweite Schirme-
lektrode (SE) aus Aluminium oder Molybdan ausge-
bildet sind.

OLED-Anzeigevorrichtung nach einem der Anspri-
che 1 bis 7, wobei die Ansteuerschaltung (34) in
amorphem Silizium ausgebildet ist.

Revendications

Dispositif d’affichage a diode électroluminescente
organique, « OLED », comprenant :

un substrat (32), et

une pluralité de pixels (30) formée sur le substrat
(32), chaque pixel de ladite pluralité de pixels
(30) comprenant :

une diode OLED (31) possédant :

une couche formant anode (31A),

une couche formant cathode (31C), et
une couche électroluminescente (31B) pla-
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cée entre la couche formant anode (31A) et
la couche formant cathode (31C),

un circuit d’attaque (34) incluant un transistor
d’attaque a couches minces (T2) permettant
d’attaquer la diode OLED (31) et un transistor
de commutation a couches minces (T1) permet-
tant de coupler sélectivement le transistor d’at-
taque a couches minces (T2) a uneligne de don-
nées (Vdata),

dans lequel le circuit d’attaque (34) est formé
d'une structure décalée inversée a couches
minces et il estempilé verticalement sur le subs-
trat (32), la diode OLED (31) étant empilée ver-
ticalement sur le circuit d’attaque (34),
caractérisé en ce que

chaque pixel de ladite pluralité de pixels (30)
comprend en outre :

une premiere électrode de blindage (SE)
placée entre la couche formant cathode
(31C) et le transistor de commutation a cou-
ches minces (T1), ainsi qu'une seconde
électrode de blindage (SE) placée entre la
couche formant cathode (31C) et le transis-
tor d’attaque a couches minces (T2), dans
lequel les premiére et seconde électrodes
(SE) de blindage sont constituées d’'un con-
ducteur électrique et sont agencées pour
recouvrir respectivement une zone entiére
entre la source (S1, S2) et le drain (D1, D2)
des premier et second transistors a cou-
ches minces (T1, T2) ce qui réduit ainsi les
capacités parasites induites entre la couche
formant cathode (31C) et les transistors a
couches minces (T1, T2) de méme que le
courant de fuite du transistor de commuta-
tion (T1) lorsque la grille du transistor de
commutation (T1) est dans un état d’arrét.

Dispositif d’affichage OLED selon la revendication
1, dans lequel les premiére et seconde électrodes
de blindage (SE) sont reliées électriquement a la
masse.

Dispositif d’affichage OLED selon la revendication 1
ou 2, dans lequel les premiére et seconde électrodes
de blindage (SE) sont électriquementreliées respec-
tivement aux grilles du transistor de commutation a
couches minces (T1) etdutransistord’attaque a cou-
ches minces (T2).

Dispositif d’affichage OLED selon I'une quelconque
des revendications 1 a 3, dans lequel les pixels (30)
sont chacun formés pour une émission par le haut
dans laquelle la lumiére est dirigée a partir du subs-
trat (32).
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Dispositif d’affichage OLED selon 'une quelconque
des revendications 1 a 4, dans lequel les premiére
et seconde électrodes de blindage (SE) sont for-
mées d’'une couche de métallisation.

Dispositif d’affichage OLED selon 'une quelconque
des revendications 1 a 4, dans lequel les premiére
et seconde électrodes de blindage (SE) sont fagon-
nées de maniére rectangulaire.

Dispositif d’affichage OLED selon 'une quelconque
des revendications 1 a 4, dans lequel les premiére
et seconde électrodes de blindage (SE) sont for-
mées d’aluminium ou de molybdéne.

Dispositif d’affichage OLED selon 'une quelconque
des revendications 1 a 7, dans lequel le circuit d’at-
taque (34) est formé de silicium amorphe.
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FIG. 1C
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FIG. 2
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FIG. 4

Anode layer for surface emission
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