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DIODE DISPLAY DEVICE

(57)  An active matrix organic light emitting diode
(OLED) display device includes an array of pixels (P),
each pixel (P) including an OLED, a driving transistor
(DT) coupled to drive current through the OLED, a stor-
age capacitor (Cs), and a switching transistor (ST) cou-
pled to control charge on the storage capacitor (Cs) cor-

REDUCED OFF CURRENT SWITCHING TRANSISTOR IN AN ORGANIC LIGHT-EMITTING

responding to a data voltage for said pixel (P). The display
device also includes a timing controller (11) configured
to control the ST of each pixel (P) to update the charge
stored on the storage capacitor (Cs) of each pixel (P) at
a frame rate including at least one frequency within a
range of 1-10 Hertz (Hz).
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Description

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the priority benefit of Ko-
rean Patent Application No. 10-2014-0076096 filed on
June 20, 2014, which is incorporated herein by reference
for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] Thepresentinventionrelatestoanorganiclight-
emitting diode display device.

Discussion of the Related Art

[0003] AFlatPanelDisplay (FPD) is being widely used
in portable computers, such as laptop computers and
PDAs, and handheld telephone terminals as well as in
the monitors of desktop computers due to advantages of
a small size and light weight. Such an FPD may include
a Liquid Crystal Display (LCD), a Plasma Display Panel
(PDP), a Field Emission Display (FED), and an Organic
Light Emitting Diode Display (hereinafter referred to as
an OLED device).

[0004] An OLED device is advantageous in that it has
fast response speed, can represent luminance having
high emission efficiency, and has a wide viewing angle.
Owing to such many advantages, the OLED device is
being used in various fields, such as portable displays
including mobile phones and handheld electronic watch-
es as well as large-screen display devices. Display de-
vices used in various fields have different requirements,
such as consumption power and reliability of driving suit-
able for the characteristics of their application fields. The
pixel of a conventional OLED device does not suggest a
functional structure corresponding to various require-
ments.

Summary of the Invention

[0005] An embodiment of the present invention is di-
rected to the provision of an OLED device capable of
satisfying various requirements depending on the char-
acteristics of a field in which a display device is used.

[0006] An embodiment of the present invention is di-
rected to the provision of an active matrix OLED display
device including an array of pixels, each pixel including
an OLED, a driving transistor (DT) coupled to drive cur-
rentthrough the OLED, a storage capacitor, and a switch-
ing transistor (also referred to as scanning transistor)
(ST) coupled to control charge on the storage capacitor
corresponding to a data voltage for said pixel. The display
device also includes a timing controller configured to con-
trol the ST of each pixel to update the charge stored on
the storage capacitor of each pixel at a frame rate includ-
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ing at least one frequency within a range of 1-10 Hertz
(Hz). In an embodiment, each driving transistor (DT)
comprises: a DT active layer formed on a substrate, the
DT active layer formed of a low-temperature polysilicon
material; a DT source and a DT drain both formed in the
DT active layer; a gate insulating layer formed on the DT
active layer; a DT gate formed on the gate insulating layer
above the DT active layer; an insulating layer formed
above the DT gate; wherein each switching transistor
(ST) comprises: a ST gate formed on the gate insulating
layer, the ST gate at least partially covered by the insu-
lating layer; a ST active region formed on the insulating
layer above the ST gate, the ST active layer formed of
an oxide semiconductor material; and a ST source and
a ST drain both contacting the ST active region on op-
posite sides of the ST gate; and wherein each OLED
comprises an anode electrically coupled to the DT drain,
and wherein the DT gate is electrically coupled to the ST
source. In an embodiment, the oxide semiconductor ma-
terial is at least one selected from the group consisting
of: zinc oxide (ZnO) and Gallium Indium Zinc Oxide (GI-
Z0). In an embodiment, both the DT gate and the ST
gate are formed using a same metal layer. In an embod-
iment, the DT further comprises a first ILD formed on the
DT gate; asecond ILD formed on the first ILD; and where-
in a third ILD is formed on the second ILD, and wherein
the insulating layer is the third interlayer dielectric (ILD).
In an embodiment, the DT further comprises: a first ILD
formed on the DT gate; and a second ILD formed on the
first ILD; and wherein the insulating layer is the second
interlayer dielectric (ILD). In an embodiment, the insulat-
ing layer physically contacts the ST gate and the ST ac-
tive layer. In an embodiment, the storage capacitor of
each pixel further comprises a first layer formed with a
portion of the DT active layer; a second layer formed with
a portion of a metal layer, the metal layer also including
the DT gate and the ST gate. In an embodiment, the first
layer and the second layer are separated by a portion of
the gate insulating layer, wherein the portion of the gate
insulating layer between the first and the second layers
is formed with a substance having a high dielectric con-
stant. In an embodiment, each pixel further comprises:
asecond storage capacitor comprising: the second layer;
and a third layer formed with a portion of a second metal
layer, the second metal layer alsoincluding the DT source
electrode and the DT drain electrode. In an embodiment,
the second layer and the third layer are separated by a
firstinterlayerdielectric (ILD) formed between the second
layer and the third layer. In an embodiment, each driving
transistor (DT) comprises: a DT active layer formed on
a substrate having a thickness d1, the DT active layer
formed of a low-temperature polysilicon material; a DT
source and a DT drain both formed in the DT active layer;
a gate insulating layer having a height h1 formed on the
DT active layer; a DT gate having a channel width w1
formed on the gate insulating layer above the DT active
layer; an insulating layer formed on the DT gate; wherein
each switching transistor (ST) comprises: a ST active
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layer formed on the substrate having a thickness d2, the
ST active layer formed of the low-temperature polysilicon
material; a ST source and a ST drain both formed in the
DT active layer; a ST gate having a channel width w2
formed on the gate insulating layer above the ST active
layer, a portion of the insulating layer having a height h2
formed above the ST gate; wherein the OLED comprises
an anode electrically coupled to the drain of the driving
transistor, and wherein the DT gate is electrically coupled
to the ST source; and wherein at least one of the height
h2, the thickness d2, and the width w2 differs from the
height h1, the thickness d1, and the width w1, respec-
tively. In an embodiment, h2 is between 5-15% greater
than h1.lnan embodiment, w1 is between 5-15% greater
than w2. In an embodiment, d1 is between 5-15% greater
than d2. In an embodiment, the DT source and DT drain
both comprise a first lightly doped drain (LDD) implanta-
tion of charge carriers i1; wherein the ST source and the
ST drain both comprise a second LDD implantation of
charge carriers i2; and wherein the concentration of
charge carriers in i2 is lower than thatin i1. In an embod-
iment, the ST comprises a dual gate structure, such that
the ST gate comprises two physically separate portions,
the ST active layer comprises two portions, and a portion
of each active region on either side of both portions of
the ST gate includes a lightly doped drain (LDD) implan-
tation of charge carriers. In an embodiment, both the DT
gate and the ST gate are formed using a same metal
layer. In an embodiment, the DT further comprises: a first
ILD formed on the DT gate; a second ILD formed on the
first ILD; and wherein a third ILD is formed on the second
ILD, and wherein the insulating layer is the third interlayer
dielectric (ILD). In an embodiment, the DT further com-
prises: a first ILD formed on the DT gate; and a second
ILD formed on the first ILD; and wherein the insulating
layer is the second interlayer dielectric (ILD).

Brief Description of the Drawings

[0007] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention. In the drawings:

FIG. 1 is a diagram illustrating an OLED device in
accordance with an embodiment of the present in-
vention.

FIG. 2 is a diagram illustrating an embodiment of a
pixelincluded inthe OLED device inaccordance with
an embodiment of the present invention.

FIG. 3 is a timing diagram illustrating that the OLED
device is driven in accordance with an embodiment
of the present invention.

FIGS. 4a and 4b are diagrams illustrating the off cur-
rents of a low-temperature polysilicon transistor and
oxide semiconductor transistor.
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FIG.5is adiagramillustrating a change of luminance
depending on a frame rate.

FIG. 6 is a diagram illustrating a change of a flicker
depending on a frame rate.

FIG. 7 is a cross-sectional view illustrating the struc-
ture of a driving transistor and switching transistor in
accordance with an embodiment of the present in-
vention.

FIG. 8 is a cross-sectional view illustrating the struc-
ture of a driving transistor and switching transistor in
accordance with another embodiment of the present
invention.

FIG. 9 is a diagram illustrating a change of the off
current depending on the channel width of the
switching transistor.

FIG. 10 is a diagram illustrating a change of the off
current depending on the channel doping of the
switching transistor.

FIG. 11 is a diagram illustrating a change of the off
current depending on the thickness of the active lay-
er of the switching transistor.

FIG. 12 is a diagram illustrating a change of the off
current depending on the thickness of the gate insu-
lating layer of the switching transistor.

FIG. 13 is a cross-sectional view illustrating an em-
bodiment of the switching transistor.

FIG. 14 is a diagram illustrating a change of the off
current depending on the doping concentration of
the LDD of the switching transistor.

FIG. 15 is a cross-sectional view illustrating another
embodiment of the switching transistor.

FIG. 16 is a diagram illustrating a change of the off
currentdepending on whether the bottom shield met-
al of the switching transistor is present or not.

FIG. 17 is a cross-sectional view illustrating yet an-
other embodiment of the switching transistor.

FIG. 18 is a diagram illustrating a difference in the
off current between a dual gate structure and a single
gate structure.

FIG. 19 is a diagram illustrating a first embodiment
of a storage capacitor in accordance with an embod-
iment of the present invention.

FIG. 20 is a diagram illustrating a second embodi-
ment of the storage capacitor in accordance with an
embodiment of the present invention.

FIG. 21 is a diagram illustrating a change of the off
current depending on the capacitance of a storage
capacitor.

Detailed Description of the Embodiments

[0008] Reference willnow be made in detail to embod-
iments of the invention, examples of which are illustrated
in the accompanying drawings. Wherever possible, the
same reference numbers will be used throughout the
drawings to refer to the same or like parts. It will be paid
attention that detailed description of known arts will be
omitted if it is determined that the arts can mislead the
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embodiments of the invention.

[0009] FIG. 1is adiagramiillustrating an OLED device
in accordance with an embodiment of the presentinven-
tion.

[0010] Referringto FIG. 1, the OLED device in accord-
ance with an embodiment of the present invention may
include a display panel 10 in which pixels P are arranged
in a matrix form, a data driving circuit 12, a gate driving
circuit 13, and a timing controller 11.

[0011] The display panel 10 includes a plurality of the
pixels P and represents an image based on gray levels
displayed by the respective pixels P. A plurality of the
pixels P is arranged in each of horizontal lines at specific
intervals and disposed in an active matrix form within the
display panel 10.

[0012] In this case, each of the pixels P is disposed in
an area in which a data line unit 14 and a plurality of gate
line units 15 orthogonal to each other are intersected.
Each of the data line units 14 connected to the pixels P
may include an initialization line 14a and a data line 14b.
Each of the gate line units 15 connected to the pixels P
may include a first scan line 15a, a second scan line 15b,
and an emission line 15c.

[0013] Furthermore, each of the pixels P may include
an OLED, a driving transistor DT, a switching transistor
ST, first and second transistors T1 and T2, a storage
capacitor Cs, and an auxiliary capacitor C1, as illustrated
in FIG. 2.

[0014] Thetiming controller 11 functions to control driv-
ing timing of the data driving circuit 12 and the gate driving
circuit 13. To this end, the timing controller 11 may rear-
range external digital video data RGB according to res-
olution of the display panel 10 and supply the rearranged
video data to the data driving circuit 12. Furthermore, the
timing controller 11 generates a data control signal DDC
for controlling operating timing of the data driving circuit
12 and a gate control signal GDC for controlling operating
timing of the gate driving circuit 13 based on timing sig-
nals, such as a vertical sync signal Vsync, a horizontal
sync signal Hsync, a dot clock signal DCLK, and a data
enable signal DE.

[0015] Consequently, the timing controller 11 controls
the frame rate, or rate at which the image projected by
each pixel in the display is updated based on the charge
maintained on the storage capacitor, as dictated by the
data driving circuit 12 described immediately below.
Thus, if for example the timing controller 11 is configured
to update the pixels at a frame rate of 1 Hz, then the
timing controller 11 will cause the images projected by
all of the pixels in the display once per second.

[0016] The data driving circuit 12 functions to drive the
data line unit 14. To this end, the data driving circuit 12
may convert the digital video data RGB, received from
the timing controller 11, into an analog data voltage in
response to the data control signal DDC and supply the
converted analog data voltage to the data lines 14.
[0017] The gate driving circuit 13 functions to drive the
gate line units 15. To this end, the gate driving circuit 13
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may generate a scan signal, an emission control signal,
and an initialization signal in response to the gate control
signal GDC. The gate driving circuit 13 supplies the scan
signal to the scan lines 15a in a line-sequential manner,
supplies the emission control signal to the emission lines
15b in a line-sequential manner, and supplies the initial-
ization signal to the initialization lines 15c in a line-se-
quential manner.

[0018] FIG. 2 illustrates an example of the pixel P il-
lustrated in FIG. 1 and illustrates one of the pixels P in
the horizontal line.

[0019] Referring to FIG. 2, the pixel P in accordance
with an embodiment of the present invention may include
the OLED, the driving transistor DT, the switching tran-
sistor ST, the first and the second transistors T1 and T2,
the storage capacitor Cs, and the auxiliary capacitor C1.
[0020] The OLED emits light in response to a driving
current supplied by the driving transistor DT. A multilayer
organic compound layer is formed between the anode
electrode and cathode electrode of the OLED. The or-
ganic compound layer includes a Hole Injection Layer
(HIL), a Hole Transport Layer (HTL), an emission Layer
(EML), an Electron Transport Layer (ETL), and an Elec-
tron Injection Layer (EIL). The anode electrode of the
OLED is connected to the source electrode of the driving
transistor DT, and the cathode electrode thereof is con-
nected to a low-voltage driving voltage EVSS.

[0021] The driving transistor DT controls a driving cur-
rent applied to the OLED using its own gate-source volt-
age. To this end, the gate electrode of the driving tran-
sistor DT may be connected to an input terminal for a
datavoltage Vdata, the drain electrode of the driving tran-
sistor DT may be connected to an input terminal for a
driving voltage EVDD, and the source electrode of the
driving transistor DT may be connected to the low-voltage
driving voltage EVSS.

[0022] The first transistor T1 controls a current path
between the input terminal for the driving voltage EVDD
and the driving transistor DT in response to an emission
control signal EM. To this end, the gate electrode of the
first transistor T1 may be connected to the emission line
15c¢, the drain electrode of the first transistor T1 may be
connected to the input terminal for the driving voltage
EVDD, and the source electrode of the first transistor T1
may be connected to the driving transistor DT.

[0023] The second transistor T2 supplies a second
node n2 with an initialization voltage Vini, supplied by the
initialization line 14a, in response to a second scan signal
Scan2, that is, the scan signal of an (n-1)t horizontal
line. To this end, the gate electrode of the second tran-
sistor T2 may be connected to an (n-1)th scan line 15a,
the drain electrode of the second transistor T2 may be
connected to the initialization line 14a, and the source
electrode of the second transistor T2 may be connected
to the second node n2.

[0024] The driving transistor DT and the first and the
second transistors T1 and T2 are formed of transistors
using Low-Temperature PolySilicon (LTPS). The LTPS
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transistor can implement a high-performance display de-
vice because it has a high electron mobility and excellent
reliability.

[0025] The switching transistor ST supplies the driving
transistor DT with a reference voltage Vref or the data
voltage Vdata, supplied by the data line 14b, in response
to a first scan signal Scan1, that is, the scan signal of an
nth horizontal line. To this end, the gate electrode of the
switching transistor ST may be connected to the firstscan
line Scan1, the drain electrode of the switching transistor
ST may be connected to the data line 14b, and the source
electrode of the switching transistor ST may be connect-
ed to the driving transistor DT.

[0026] The switching transistor ST is formed of an ox-
ide transistor using an oxide semiconductor, such as zinc
oxide (ZnO) or GalnZnO (GIZ0), as an active layer. Since
the oxide transistor has a low off current, the switching
transistor ST using the oxide transistor can prevent the
gate-source potential of the driving transistor DT from
being reduced due to the off current. Accordingly, even
in the case of low-frequency driving, a flicker can be pre-
vented from occurring due to a reduction in the gate-
source potential of the driving transistor DT attributable
to the off current.

[0027] The storage capacitor Cs maintains the data
voltage Vdata provided by the data line 14b for one frame
so that the driving transistor DT maintains a constant
voltage. To this end, the storage capacitor Cs may be
connected to the gate electrode and source electrode of
the driving transistor DT. The auxiliary capacitor C1 is
connected in series to the storage capacitor Cs in the
second node n2, thereby improving efficiency of the driv-
ing voltage Vdata.

[0028] An operation of the pixel P configured as de-
scribed above is described below. FIG. 3 is a waveform
diagramiillustrating the signals EM, SCAN, INIT, and DA-
TA applied to the pixel P of FIG. 2 and a change of the
potential of the gate electrode and source electrode of
the driving transistor DT.

[0029] Referring to FIG. 3, an operation of the pixel P
in accordance with an embodiment of the presentinven-
tion may include an initialization period Ti in which the
gate-source potential of the driving transistor DT is ini-
tialized to a specific voltage, a sampling period Ts in
which the threshold voltage Vth of the driving transistor
DT is detected and stored, a writing period Tw in which
the data voltage Vdatais applied, and an emission period
Te in which a driving current applied to the OLED is com-
pensated for regardless of the threshold voltage Vth us-
ing the threshold voltage Vth and the data voltage Vdata.
[0030] In the initialization period Ti, the second tran-
sistor T2 supplies the second node n2 with the initializa-
tion voltage Vini, supplied by the initialization line 14a, in
response to the second scan signal Scan2. Accordingly,
the source voltage Vs of the driving transistor DT, that
is, the voltage of the second node n2, has the same po-
tential as the initialization voltage Vini. Furthermore, the
switching transistor ST supplies the first node n1 of the
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gate electrode of the driving transistor DT with the refer-
ence voltage Vref, supplied by the data line 14b, in re-
sponse to the first scan signal Scan1. Accordingly, the
gate voltage Vg of the driving transistor DT, that is, the
voltage of the first node n1, has the same potential as
the reference voltage Vref.

[0031] In the initialization period Ti, the initialization
voltage Vini supplied to the second node n2 initializes
the pixel P to a specific level. In this case, the initialization
voltage Vini is set as a voltage value smaller than the
operating voltage of the OLED so that the OLED does
not emit light. For example, the initialization voltage Vini
may be set as a value of -1 to +1 V.

[0032] In the sampling period Ts, the switching tran-
sistor ST supplies the first node n1 with the reference
voltage Vref, supplied by the data line 14b, in response
to the first scan signal Scan1. Furthermore, the first tran-
sistor T1 supplies the driving voltage EVDD to the driving
transistor DT in response to the emission control signal
EM. In this case, the voltage Vg of the gate electrode of
the driving transistor DT maintains the reference voltage
Vref. Furthermore, when the second node n2 is in a float-
ing state, an electric current flowing from the input termi-
nal for the driving voltage EVDD to the first transistor T1
and the driving transistor DT is accumulated in a voltage
atthe second node n2. The voltage raised in the sampling
period Ts is saturated to a voltage having an amount
corresponding to a difference between the reference volt-
age Vref and the threshold voltage Vth of the driving tran-
sistor DT. That is, the potential between the gate and
source electrodes of the driving transistor DT is the same
as the threshold voltage Vth of the driving transistor DT
through the sampling period Ts.

[0033] Inthe writing period Tw, the firstand the second
transistors T1 and T2 are turned off. Furthermore, when
the switching transistor ST is turned on, the data voltage
Vdata supplied by the data line 14b is supplied to the first
node n1. In this case, a voltage at the second node n2
in the floating state is increased or decreased because
the storage capacitor Cs and the auxiliary capacitor C1
are coupled at their ratio.

[0034] Inthe emission period Te, the second transistor
T2 and the switching transistor ST are turned off, and the
first transistor T1 is turned on. In the emission period Te,
the data voltage Vdata stored in the storage capacitor
Csis supplied to the OLED. Accordingly, the OLED emits
light with luminance proportional to the data voltage Vda-
ta. In this case, an electric current flows in the driving
transistor DT by the voltages of the first node n1 and
second node 2 determined in the writing period Tw. Ac-
cordingly, a desired electric current is supplied to the
OLED, and the OLED device may control its luminance
based on the data voltage Vdata.

[0035] Inthe process of the OLED emitting light, a volt-
age drop of the storage capacitor Cs can be suppressed
because the switching transistor ST is formed of an oxide
semiconductor transistor having a low off current.
[0036] The off current of the switching transistor ST is
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an electric current that flows from the drain electrode of
the switching transistor ST to the source electrode in the
state in which the switching transistor ST has been turned
off because the gate-source potential of the switching
transistor ST is less than the threshold voltage Vth. The
off current of the switching transistor ST causes a voltage
drop of the storage capacitor Cs. Such a voltage drop of
the storage capacitor Cs causes a change AVgs of the
gate-source potential of the driving transistor DT. The
voltage drop of the storage capacitor Cs causes a reduc-
tion in the luminance of the OLED because the gate-
source potential of the driving transistor DT determines
the emission luminance of the OLED. That is, the off cur-
rent of the switching transistor ST causes a reduction in
the luminance of the OLED. If luminance is reduced dur-
ing one frame period, a flicker phenomenon is generated
when a frame is changed due to a difference between
the reduced luminance and the initial luminance of a sub-
sequent frame.

[0037] FIG. 4(a) is a diagram illustrating the off current
of the LTPS transistor depending on the gate-source po-
tential, and FIG. 4(b) is a diagram illustrating the off cur-
rent of the oxide semiconductor transistor depending on
the gate-source potential. The off current of the oxide
semiconductor transistor is very smaller than that of the
LTPS transistor and may not be accurately measured in
a measurement range or less of measurement equip-
ment. As illustrated in FIG. 4(b), the switching transistor
ST according to an embodiment has a very low off current
that may be negligible because it is formed of an oxide
semiconductor. Accordingly, the OLED device in accord-
ance with an embodiment of the present invention can
suppress a flicker phenomenon attributable to the off cur-
rent.

[0038] Accordingly, the OLED device in accordance
with an embodiment of the presentinvention can provide
a display device in which a flicker phenomenon is not
generated evenin the case of low-frequency driving. FIG.
5is adiagram illustrating a change of luminance between
frames depending on the frequency. As illustrate in FIG.
5, an emission period Te2 for low-frequency driving is
longer than an emission period Te1 for standard frequen-
cy driving. Accordingly, a flicker problem is significantly
reduced in low-frequency driving because a change of
luminance AL’ in low-frequency driving is greater than a
change of luminance AL in standard frequency driving.
[0039] In an embodiment of the present invention, a
flicker phenomenon is not generated even in the case of
low-frequency driving because the off current of the
switching transistor ST is very small and thus a voltage
drop of the storage capacitor Cs is very small.

[0040] FIG. 6 (a) is a diagram illustrating a change of
aflicker depending on a driving frequency, thatis, a frame
rate. FIG. 6(b) isadiagramillustrating a human sensitivity
depending on a driving frequency. FIG. 6(c) is a diagram
illustrating a change of a flicker that is felt by a person
depending on a driving frequency as a result of the inte-
gration of FIGS. 6(a) and (b).
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[0041] InFIGS. 6(a) and (c), a first graph @ illustrates
a change of a flicker in a display device in which the
switching transistor is made of low-temperature polysili-
con, and a second graph @ illustrates a change of a
flickerin a display device in which the switching transistor
is formed of an oxide semiconductor transistor in accord-
ance with an embodiment of the present invention. As
illustrated in FIG. 6(a), in the display device in which the
switching transistor is made of low-temperature polysili-
con, if a driving frequency is 30 Hz or less, a flicker sud-
denly increases as the driving frequency decreases. In
contrast, in the display device in which the switching tran-
sistor ST is formed of the oxide semiconductor transistor,
aflickeris decreased as adriving frequency is decreased.
Adifference of flicker between a firstgraph O and second
graph @ begins below driving frequency 40 Hz or less.
The difference begins to increase in a driving frequency
of 20 Hz or less and further increases in a driving fre-
quency of 10 Hz or less. As a result, if the display device
in which the switching transistor is made of low-temper-
ature polysilicon is applied to a display device having a
driving frequency of 30 Hz or less, a flicker problem is
occurred.

[0042] However, in the display device in which the
switching transistor ST is formed of an oxide semicon-
ductor transistor as in an embodiment of the present in-
vention (or in accordance with an embodiment described
with respectto FIG. 8 below), a flicker is rarely generated
although low-frequency driving close to a still image is
performed.

[0043] Furthermore, the human sensitivity is most sen-
sitive in a driving frequency of 10 Hz, as illustrated in FIG.
6(b). From FIG. 6(b), it may be seen that a flicker is sud-
denly decreased in a driving frequency of 10 Hz or less
in the OLED device in accordance with an embodiment
of the present invention. The flicker depending on the
driving frequency as illustrated FIG. 6(a) may vary on a
temperature. For example, as illustrated in FIG. 6(a), at
room temperature, the effect in accordance with an em-
bodiment of the present invention may be expected from
the driving frequency of 30 Hz or less. In contrast, at high
temperature, a difference is generated from a driving fre-
quency having a great change of a flicker between the
display device using only low-temperature polysilicon
and the display device using an oxide transistor as the
switching transistor. For example, at high temperature,
a flicker is reduced more in the display device according
to an embodiment of the present invention than in the
display device using only low-temperature polysilicon
from a driving frequency of 60 Hz or less.

[0044] As described above, an embodiment of the
present invention may be applied to a display device us-
ing a low-driving frequency in order to reduce consump-
tion power because a flicker is not generated in a driving
frequency having a low frame rate. In particular, an em-
bodiment of the present invention may be applied to a
case where adriving frequency is greatly reduced in order
toreduce consumption power in portable display devices.
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For example, in the case of a portable electronic watch,
if a display screen is changed for each second, a driving
frequency of 1 Hz may be used. In an embodiment of the
present invention, a flicker is rarely generated although
a driving frequency that is 1 Hz or close to a still image
is used. Furthermore, in an embodiment of the present
invention, consumption power can be significantly re-
duced because a driving frequency can be greatly re-
duced when a still image is displayed as in the standby
screen of a portable terminal.

[0045] Furthermore, an embodiment of the present in-
vention may be applied to a terminal not requiring a high
driving frequency equivalent to a moving image level,
such as an E-book, thereby greatly reducing consump-
tion power. Accordingly, the portability of a portable ter-
minal can be improved.

[0046] Thus, in one embodiment, a benefit of a display
device including pixels including an ST and a DT as de-
scribed herein is that the pixels of the display device can
be driven ataframerate (or refresh rate) atany frequency
between 1-10, inclusive, while only rarely generating
flicker. This is advantageous, as it allows for creation of
a comparatively static display device that consumes very
little power. Additionally, the display device can also be
driven normally at a more traditional frame rate such as
at or near 60 Hz. As a result, the display device may
switch operation as operational needs dictate between
arelatively static, low power mode (e.g., 1 Hz frame rate),
and a normal frame rate, higher power mode (e.g., 60
Hz frame rate).

[0047] FIG. 7 is a cross-sectional view illustrating the
structure of the driving transistor DT and switching tran-
sistor ST in accordance with an embodiment of the
present invention. The structure of the driving transistor
DT and switching transistor ST and a method of forming
the driving transistor DT and the switching transistor ST
are described below with reference to FIG. 7.

[0048] A process of forming the driving transistor DT
may include forming a buffer layer in a substrate. The
buffer layer may be formed of an oxide (SiO,) layer. A
low-temperature polysilicon layer p-Si used as the active
layer of the driving transistor DT may be formed on the
buffer layer. Some region of the low-temperature polysil-
icon layer p-Simay be implemented into source and drain
regions S and D through an ion injection process (also
referred to as a charge carrier implantation process or
charge carrier doping). A gate insulating layer Gl may be
formed on the low-temperature polysilicon layer p-Si. The
gate insulating layer Gl may be formed of an oxide (SiO,)
layer. Afirst gate layer Gate1 may be formed on the gate
insulating layer Gl. The gate may be made of a metal
such as Molybdenum or Aluminum, or an alloy or com-
bination of materials including a metal.

[0049] Thereafter, one or more insulating layers (also
referred to as interlayer dielectrics or ILDs) may be se-
quentially formed to cover the first gate layer Gate1. In
one implementation, the insulating layers include a first
ILD and a second ILD. In another implementation, the
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insulating layers include afirst, a second, and a third ILD.
In other implementations, only a single insulation layer
may be formed, or more than three insulation layers may
be formed. Furthermore, a passivation layer PAS may
be formed on the third insulating layer ILD3. Multiple in-
sulating layers can prevent the current characteristics
and reliability of transistor from being reduced.

[0050] A process of forming the switching transistor ST
may include forming a buffer layer in the substrate. A
second gate layer Gate2 may be formed on the gate in-
sulating layer Gl. The third insulating layer ILD3 (or sec-
ond ILD2 in an implementation where only two ILDs are
used in the DT) may be formed to cover the second gate
layer Gate2. An oxide semiconductor layer Active may
be formed on the third insulating layer ILD3 (or, again
ILD2 depending upon the implementation). The source
and drain electrodes S and D may be formed in some
region of the oxide semiconductor layer Active. The pas-
sivation layer PAS may be formed to cover the source
electrode S and the drain electrode D.

[0051] FIG. 8 is a cross-sectional view illustrating the
structure of the driving transistor DT and switching tran-
sistor ST of the OLED device in accordance with another
embodiment of the present invention. In the present em-
bodiment, the same elements as those of the aforemen-
tioned embodiment are assigned the same reference nu-
merals, and a detailed description thereof is omitted.
[0052] Referringto FIG. 8, the OLED device in accord-
ance with another embodiment of the present invention
uses low-temperature polysilicon transistors as both the
driving transistor DT and the switching transistor ST.
[0053] The channel width W2 of the switching transis-
tor ST may be 5~15% (5 to 15%) smaller than the channel
width W1 of the driving transistor DT. As illustrated in
FIG. 9, the off current of the switching transistor ST and
driving transistor DT is proportional to the channel width
W2 of the switching transistor ST. Accordingly, in an em-
bodiment of the present invention, the off current of the
switching transistor ST can be reduced by setting the
channel width W2 of the switching transistor ST smaller
than the channel width W1 of the driving transistor DT.
The off current of the switching transistor ST is reduced
according to a reduction of the channel width W2 of the
switching transistor ST, but the channel width W2 of the
switching transistor ST may be set 5~15% narrower than
the channel width W1 of the driving transistor DT so that
reliability of driving is not affected.

[0054] The doping concentration of the active layer p-
Si of the switching transistor ST may be 5~15% higher
than that of the active layer p-Si of the driving transistor
DT. Asillustrated in FIG. 10, the off current of the switch-
ing transistor ST and driving transistor DT is in inverse
proportion to the doping concentration of the switching
transistor ST. The reason for this is that if the doping
concentration of the active layer p-Si increases, resist-
ance of a PN junction with a Lightly Doped Drain (LDD)
region is increased and the off current is decreased. Ac-
cordingly, in an embodiment of the presentinvention, the
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off current of the switching transistor ST can be reduced
by setting the doping concentration of the active layer p-
Si of the switching transistor ST higher than the doping
concentration of the active layer p-Si of the driving tran-
sistor DT. The off current is decreased as the doping
concentration of the switching transistor ST is increased,
but the doping concentration of the active layer p-Si of
the switching transistor ST may be set to be 5~15% high-
er than that of the active layer p-Si of the driving transistor
DT so that reliability of driving is not affected.

[0055] The thickness d2 of the active layer p-Si of the
switching transistor ST may be 5~15% smaller than the
thickness d1 of the active layer p-Si of the driving tran-
sistor DT. As illustrated in FIG. 11, the off current of the
switching transistor ST and driving transistor DT is pro-
portional to the thickness d2 of the active layer p-Si. Ac-
cordingly, in an embodiment of the present invention, the
off current can be reduced by setting the thickness d2 of
the active layer of the switching transistor ST smaller
than the thickness d1 of the active layer of the driving
transistor DT. The off current is reduced as the thickness
d2 of the active layer p-Si of the switching transistor ST
is reduced, but the thickness d2 of the active layer p-Si
of the switching transistor ST may be 5~15% smaller than
the thickness d1 of the active layer p-Si of the driving
transistor DT so that reliability of driving is not affected.
[0056] Thethickness (herein also referred to as height)
h2 of the gate insulating layer Gl of the switching tran-
sistor ST may be 5~15% greater than the thickness (here-
in also referred to as height) h1 of the gate insulating
layer Gl of the driving transistor DT. As illustrated in FIG.
12, the off current of the switching transistor ST and driv-
ing transistor DT is in inverse proportion to the thickness
of the gate insulating layer GI. Accordingly, in an embod-
iment of the present invention, the off current can be re-
duced by setting the thickness h2 of the gate insulating
layer Gl of the switching transistor ST greater than the
thickness h1 of the gate insulating layer Gl of the driving
transistor DT. The off current is reduced as the thickness
h2 of the gate insulating layer Gl of the switching tran-
sistor ST is increased, but the thickness h2 of the gate
insulating layer Gl of the switching transistor ST may be
5~15% greater than the thickness h1 of the gate insulat-
ing layer Gl the driving transistor DT so that reliability of
driving is not affected.

[0057] FIGS. 13, 15, and 17 illustrate modification ex-
amples of the switching transistor ST using low-temper-
ature polysilicon, an example of which is illustrated in
FIG. 8, described above.

[0058] Referring to FIG. 13, in an embodiment of the
present invention, the doping concentration of a Lightly
Doped Drain (LDD) region in the source and drain of the
switching transistor ST (adjacent to the active region la-
beled ACT in FIG. 13) may be 5~15% lower (e.g., less
doping of additional n-type charge carriers) than that of
the LDD region in the source and drain of the driving
transistor DT (notshownin FIG. 13). As illustrated in FIG.
14, the off current of the switching transistor ST and driv-
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ing transistor DT is proportional to the doping concentra-
tion of the LDD region. The reason for this is that if the
doping concentration of the LDD region increases, re-
sistance of a junction with the active layer is reduced and
thus the off current also increases. Accordingly, in an
embodiment of the present invention, the off current can
be reduced by setting the doping concentration of the
LDD region of the switching transistor ST lower than that
of the LDD region of the driving transistor DT. The off
current is reduced as the doping concentration of the
LDD region of the switching transistor ST is decreased,
but the doping concentration of the LDD region of the
switching transistor ST may be 5~15% lower than that of
the LDD region of the driving transistor DT so that relia-
bility of driving is not affected.

[0059] ReferringtoFIG. 15, the switching transistor ST
may further include a Bottom Shield Metal (BSM) layer.
The BSM layer is formed under a channel layer with a
buffer layer BUFFER interposed between the BSM layer
and the channel layer. Although not illustrated, the BSM
layer may be electrically connected to a gate Gate or a
source/drain S, D. The BSM layer functions to reduce
the off current by reducing an illumination effect that may
affect the active layer of a device. Furthermore, the BSM
layer functions to suppress the generation of carriers that
may be introduced into the active layer in the off condition
of the transistor due to a field distribution of a contact
between the gate Gate and the source S. Accordingly,
as illustrated in FIG. 16, the off current of the switching
transistor ST further including the BSM layer is reduced
6% or more. That is, the switching transistor ST in ac-
cordance with an embodiment of the present invention
can further reduce the off current by additionally including
the BSM layer.

[0060] ReferringtoFIG. 17, the switching transistor ST
may be formed to have a dual gate electrode structure.
From FIG. 18, it may be seen that the off current of the
switching transistor ST formed to have the dual gate elec-
trode structure is 50% or more smaller than that of the
driving transistor DT formed to have a single gate elec-
trode structure. That is, the switching transistor ST in
accordance with an embodiment of the presentinvention
can reduce the off current using the switching transistor
ST of a dual gate electrode structure.

[0061] Asdescribed above, inthe aforementioned em-
bodiments, a flicker can be improved by reducing the off
current. In accordance with an embodiment of the
present invention, the low-temperature polysilicon
switching transistor ST has a lower unit off current than
the low-temperature polysilicon driving transistor DT
when the unit off current, that is, an off current per unit
length of the channel of the low-temperature polysilicon
switching transistor ST is compared with that of the low-
temperature polysilicon driving transistor DT because the
switching transistor ST and the driving transistor DT have
different channel lengths.

[0062] The level of a flicker is in inverse proportion to
capacitance of the storage capacitor Cs in addition to the
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off current. That is, a reduction of luminance attributable
to the off current can be prevented because a voltage
drop attributable to the off current can be reduced ac-
cording to an increase of capacitance of the storage ca-
pacitor Cs.

[0063] Embodiments in which capacitance of the stor-
age capacitor Cs has been improved in order to improve
a flicker are described below.

[0064] FIG. 19 is a diagram illustrating a first embodi-
ment of the storage capacitor Cs in accordance with an
embodiment of the present invention.

[0065] Referring to FIG. 19, the storage capacitor Cs
has a structure in which a first metal layer 191, a first
insulating layer Gl, and a second metal layer 192 are
sequentially stacked. The first metal layer 191 may be
formed by making conductive the same semiconductor
layer as the active layer Active of the driving transistor
DT and switching transistor ST. The second metal layer
192 may be formed of the same metal layer as the gate
layer Gate of the driving transistor DT and switching tran-
sistor ST. The first insulating layer Gl may be formed
using the same insulating layer as an insulating layer that
covers the active layer Active of the driving transistor DT
and switching transistor ST.

[0066] The first insulating layer GI may be made of a
substance having a high dielectric constant only in a re-
gion inwhich the storage capacitor Cs is formed. Hafnium
Dioxide HfO2 and Zirconium Dioxide ZrO2 is used to
achieve high dielectric constant. Accordingly, the storage
capacitor Cs according to the first embodiment has a
higher capacitance. A flicker can be improved because
the storage capacitor Cs according to the first embodi-
ment has high capacitance as described above.

[0067] The gap between the first metal layer 191 and
the second metal layer 192 may be narrow in order for
the storage capacitor Cs according to the first embodi-
ment to have high capacitance.

[0068] FIG. 20 is a diagram illustrating a second em-
bodiment of the storage capacitor Cs in accordance with
an embodiment of the present invention.

[0069] Referring to FIG. 20, the storage capacitor Cs
according to the second embodiment may include a first
storage capacitor Cs and a second storage capacitor Cs
stacked together. The first storage capacitor Cpa_1 may
have a structure in which a first metal layer 191, a first
insulating layer Gl, and a second metal layer 192 are
sequentially stacked. The first metal layer 191 may be
formed of the same metal layer as the active layer of the
driving transistor DT and switching transistor ST. The
second metal layer 192 may be formed of the same metal
layer as the gate layer Gate of the driving transistor DT
and switching transistor ST. The first insulating layer Gl
may be formed of the same insulating layer that covers
the active layer Active of the driving transistor DT and
switching transistor ST. The second storage capacitor
Cpa_2 may include a second metal layer 192, a second
insulating layer ILD1, and a third metal layer 193. The
second insulating layer ILD1 may be formed of the same
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insulating layer as aninsulating layer that covers the gate
Gate of the driving transistor DT and switching transistor
ST. Furthermore, the third metal layer 193 may be made
of the same metal layer as the source/drain electrode of
the driving transistor DT and switching transistor ST.
[0070] The storage capacitor Cs according to the sec-
ond embodiment has high capacitance because it in-
cludes the first and the second capacitors Cpa_1 and
Cpa2 connected in parallel. Accordingly, the storage ca-
pacitor Cs according to the second embodiment can im-
prove a flicker because it has high capacitance.

[0071] FIG. 21 is a diagram illustrating that a flicker is
changed depending on the off current when capacitance
of the storage capacitor Cs is three times "Xx3" to five
times "X5" greater than capacitance "X 1" of a common
storage capacitor. From FIG. 21, it may be seen that a
flickeris reduced as capacitance of the storage capacitor
is increased and the off current is reduced.

[0072] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
skilled in the art that will fall within the scope of the prin-
ciples of this disclosure. More particularly, various vari-
ations and modifications are possible in the component
parts and/or arrangements of the subject combination
arrangement within the scope of the disclosure, the draw-
ings and the appended claims. In addition to variations
and modifications in the component parts and/orarrange-
ments, alternative uses will also be apparent to those
skilled in the art.

Claims

1. An organic light emitting diode (OLED) display de-
vice comprising:

an active matrix OLED array comprising a plu-
rality of pixels (P) arranged in a row and column
structure, each pixel (P) comprising an OLED,
a driving transistor - hereinafter abbreviated as
"DT" - coupled to drive current through the
OLED, a storage capacitor (Cs), and a switching
transistor - hereinafter abbreviated as "ST" -
coupled to control charge on the storage capac-
itor (Cs) corresponding to a data voltage for said
pixel (P); and

a timing controller (11) configured to control the
ST of each pixel (P) to update the charge stored
on the storage capacitor (Cs) of each pixel (P)
at a frame rate including at least one frequency
within a range of 1-10 Hertz (Hz).

2. The OLED display device of claim 1,
wherein each driving transistor comprises:

a DT active layer formed on a substrate, the DT
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active layer formed of a low-temperature poly-
silicon material;

a DT source and a DT drain both formed in the
DT active layer;

a gate insulating layer (Gl) formed on the DT
active layer;

a DT gate (GATE1) formed on the gate insulat-
ing layer above the DT active layer;

an insulating layer formed above the DT gate
(GATE1);

wherein each switching transistor (ST) comprises:

a ST gate (Gate2) formed on the gate insulating
layer (Gl), the ST gate (Gate2) at least partially
covered by the insulating layer;

a ST active region formed on the insulating layer
above the ST gate (Gate2), the ST active layer
formed of an oxide semiconductor material; and
a ST source and a ST drain both contacting the
ST active region on opposite sides of the ST
gate (Gate2); and

wherein each OLED comprises an anode electrically
coupled to the DT drain, and wherein the DT gate
(GATEN1) is electrically coupled to the ST source,
wherein, preferably, the oxide semiconductor mate-
rial is at least one selected from the group consisting
of: zinc oxide (ZnO) and Gallium Indium Zinc Oxide
(GlzO).

The OLED display device of claim 2, wherein both
the DT gate (GATE1) and the ST gate (Gate2) are
formed using a same metal layer.

The OLED display device of claim 2 or 3, wherein
the DT further comprises:

a first interlayer dielectric (ILD1) formed on the
DT gate (GATE1);

a second interlayer dielectric (ILD2) formed on
the first interlayer dielectric (ILD1); and
wherein a third interlayer dielectric (ILD3) is
formed on the second interlayer dielectric
(ILD2), and

wherein the insulating layer is the third interlayer di-
electric (ILD3).

The OLED display device of claims 2 or 3, wherein
the DT further comprises:

a first interlayer dielectric (ILD1) formed on the
DT gate (GATE1); and

a second interlayer dielectric (ILD2) formed on
the first interlayer dielectric (ILD1); and

wherein the insulating layer is the second interlayer
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dielectric (ILD2).

The OLED display device of any one of claims 2 to
5, wherein the insulating layer physically contacts
the ST gate (Gate2) and the ST active layer.

The OLED display device of claim 2 or 3, wherein
the storage capacitor (Cs) of each pixel (P) further
comprises:

a first layer (191) formed with a portion of the
DT active layer;

a second layer (192) formed with a portion of a
metal layer, the metal layer also including the
DT gate (GATE1) and the ST gate (Gate2),
wherein, preferably, the first layer (191) and the
second layer (192) are separated by a portion
of the gate insulating layer (Gl), wherein the por-
tion of the gate insulating layer (Gl) between the
first and the second layers (191, 192) is formed
with a substance having a high dielectric con-
stant.

8. The OLED display device of claim 7, wherein each

pixel (P) further comprises:

a second storage capacitor (Cpa._2) compris-
ing:

the second layer (192); and

a third layer (193) formed with a portion of
a second metal layer, the second metal lay-
er also including the DT source electrode
and the DT drain electrode,

wherein, preferably, the second layer (192)
and the third layer (193) are separated by
afirstinterlayer dielectric (ILD1) formed be-
tween the second layer (192) and the third
layer (193).

9. The OLED display device of claim 1,

wherein each driving transistor comprises:

a DT active layer formed on a substrate having
a thickness d1, the DT active layer formed of a
low-temperature polysilicon material;

a DT source and a DT drain both formed in the
DT active layer;

a gate insulating layer (Gl) having a height h1
formed on the DT active layer;

a DT gate (GATE) having a channel width w1
formed on the gate insulating layer above the
DT active layer;

an insulating layer formed on the DT gate
(GATE);

wherein each switching transistor comprises:
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a ST active layer formed on the substrate having
thickness d2, the ST active layer formed of the
low-temperature polysilicon material;

a ST source and a ST drain both formed in the
DT active layer;

a ST gate (GATE) having a channel width w2
formed on the gate insulating layer (Gl) above
the ST active layer, a portion of the insulating
layer having a height h2 formed above the ST
gate (GATE);

wherein the OLED comprises an anode electrically
coupled to the drain of the driving transistor, and
wherein the DT gate (GATE) is electrically coupled
to the ST source; and

wherein at least one of the height h2, the thickness
d2, and the width w2 differs from the height h1, the
thickness d1, and the width w1, respectively,
wherein, preferably, both the DT gate (GATE) and
the ST gate (GATE) are formed using a same metal
layer.

The OLED display device of claim 9, wherein h2 is
between 5-15% greater than h1.

The OLED display device of claim 9 or 10, wherein
w1 is between 5-15% greater than w2.

The OLED display device of any one of claims 9 to
11, wherein d1 is between 5-15% greater than d2.

The OLED display device of any one of claims 9to 12,
wherein the DT source and DT drain both comprise
a first lightly doped drain (LDD) implantation of
charge carriers i1;

wherein the ST source and the ST drain both com-
prise a second lightly doped drain (LDD) implantation
of charge carriers i2; and

wherein the concentration of charge carriers in i2 is
lower than that in i1.

The OLED display device of any one of claims 9 to
13, wherein the ST comprises a dual gate structure,
such that the ST gate (GATE) comprises two phys-
ically separate portions, the ST active layer compris-
es two portions, and a portion of each active region
on either side of both portions of the ST gate includes
a lightly doped drain (LDD) implantation of charge
carriers.

The OLED display device of any one of claims 9 to
14, wherein the DT further comprises:

a first interlayer dielectric (ILD1) formed on the
DT gate;

a second interlayer dielectric (ILD2) formed on
the first interlayer dielectric (ILD1);

wherein a third interlayer dielectric (ILD3) is
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1"

formed on the second interlayer dielectric
(ILD2), and

wherein the insulating layer is the third interlayer
dielectric (ILD3);

or wherein the DT further comprises:

a first interlayer dielectric (ILD1) formed on the
DT gate (GATE); and

a second interlayer dielectric (ILD2) formed on
the first interlayer dielectric (ILD1); and
wherein the insulating layer is the second inter-
layer dielectric (ILD2).
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