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(57) ABSTRACT

Provided is a display device including: a plurality of pixels,
each of the pixels including: a first switching transistor
including a gate electrode coupled to a scan line, a first elec-
trode coupled to a data line, and a second electrode coupled to
a first node; a first driving voltage transistor including a gate
electrode coupled to the first node, and a first electrode
coupled to a first driving voltage; a write transistor including
a gate electrode coupled to a write line, a first electrode
coupled to a second electrode of the first driving voltage
transistor, and a second electrode coupled to a second node; a
second switching transistor including a gate electrode
coupled to the second node, a first electrode coupled to a first
power voltage, and a second electrode coupled to an organic
light emitting diode; and a first capacitor coupled between the
first node and the second node.
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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0024335 filed in the
Korean Intellectual Property Office on Feb. 28, 2014, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Aspects of embodiments of the present invention
relate to a display device. More particularly, aspects of
embodiments of the present invention relate to a digital driv-
ing type of display device.

[0004] 2. Description of the Related Art

[0005] Recently, display devices such as a liquid crystal
display, a field emission display, a plasma display panel, and
an organic light emitting display have been commercially
available.

[0006] A display device includes a display panel formed of
a plurality of pixels arranged in a matrix format. A display
panel includes a plurality of scan lines formed in a row direc-
tion and a plurality of data lines formed in a column line, and
the plurality of scan lines and the plurality of data lines are
arranged to cross each other. Each of the plurality of pixels is
driven by a scan signal and a data signal respectively trans-
mitted from a corresponding scan line and data line.

[0007] Thedisplay deviceis classified into a passive matrix
type of light emitting display device and an active matrix type
of light emitting display device depending on the method of
driving the pixels. In view of resolution, contrast, and
response time, the trend is towards the active matrix type
where the respective unit pixels are selectively turned on or
off.

[0008] The active matrix type of light emitting display
device is generally applied with an analog driving method or
a digital driving method. While the analog driving method is
amethod of expressing a grayscale level as a level of the data
voltage, the digital driving method is a method of expressing
the grayscale level by a time or anumber oftimes that the data
voltage is applied while a data voltage level is constantly
maintained.

[0009] It is usual in an analog driving scheme to install a
compensation circuit for compensating a dispersion charac-
teristic of a threshold voltage of a driving transistor for con-
trolling a current amount of a driving current flowing to a
light-emitting device in a pixel. The analog driving scheme
reduces a time that is allocated when a data signal is applied
to each pixel as a resolution of the display device s increased.
Accordingly, a voltage range of the data signal is reduced and
the display device becomes more sensitive to a process varia-
tion of the driving transistor.

[0010] On the contrary, the digital driving scheme is not as
sensitive to the process variation of the driving transistor
since the data signal has an on-off voltage.

[0011] However, the digital driving scheme has a greater
number oftimes of charging and discharging the dataline and
also has a greater voltage range of the data signal compared to
the analog driving scheme. Accordingly, the digital driving
scheme has very high power consumption compared to the
analog driving scheme. For example, a voltage difference
between a minimum voltage of the data signal and a maxi-
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mum voltage is 3 V according to the analog driving scheme,
while the voltage difference between the minimum voltage
and the maximum voltage is 10 V according to the digital
driving scheme. The digital driving scheme has eight to ten
times the number of charges and discharges of the data line
compared to the analog driving scheme. By the difference, the
digital driving scheme has about 90 times the power con-
sumption for driving compared to the analog driving scheme.
[0012] Further, the digital driving scheme requires about
Ys-Vio the time for inputting the data signal into respective
pixels compared to the analog driving scheme, thereby lack-
ing a time margin for inputting the data signal. To overcome
the insufficiency of the time margin, a method for reducing
wire resistance by increasing wiring thicknesses of the data
line and the scan line is used to reduce a delay caused by the
wire.

[0013] However, there is alimit in the process in the case of
increasing the thickness of wiring, and when the thickness of
wiring is increased, a time for manufacturing the display
device is increased which may become a factor for reducing
productivity of the display device.

[0014] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is known to a
person of ordinary skill in the art.

SUMMARY

[0015] Aspects of embodiments of the present invention
relate to a digital driving display device for reducing power
consumption, and acquiring a time margin for inputting a data
signal without increasing a thickness of wiring.

[0016] An embodiment of the present invention provides a
display device including: a plurality of pixels, each of the
pixels including: a first switching transistor including a gate
electrode coupled to a scan line, a first electrode coupled to a
data line, and a second electrode coupled to a first node; a first
driving voltage transistor including a gate electrode coupled
to the first node, and a first electrode coupled to a first driving
voltage; a write transistor including a gate electrode coupled
to a write line, a first electrode coupled to a second electrode
of the first driving voltage transistor, and a second electrode
coupled to a second node; a second switching transistor
including a gate electrode coupled to the second node, a first
electrode coupled to a first power voltage, and a second elec-
trode coupled to an organic light emitting diode; and a first
capacitor including a first electrode coupled to the first node
and a second electrode coupled to the second node.

[0017] Each of the pixels may further include a second
driving voltage transistor including a gate electrode coupled
to the scan line, a first electrode coupled to a second driving
voltage, and a second electrode coupled to the second node.
[0018] Each of the pixels may further include a second
capacitor including a first electrode coupled to the first power
voltage and a second electrode coupled to the second node.
[0019] The first driving voltage may be a gate-on voltage
for turning on the second switching transistor.

[0020] The second driving voltage may be a gate-off volt-
age for turning off the second switching transistor.

[0021] A datasignal with a white voltage for turning on the
first driving voltage transistor or a black voltage for turning
off the first driving voltage transistor may be applied to the
data line.
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[0022] During a reset period, a scan signal with a gate-on
voltage may be applied to the scan line and the data signal
may be applied to the data line, and during a data write period,
a scan signal with a gate-off voltage may be applied to the
scan line and a write signal may be applied as a gate-on
voltage to the write line.

[0023] When the data signal is applied as the white voltage,
avoltage at the first node may changed to a voltage for turning
on the first driving voltage transistor by a bootstrap effect
caused by the first capacitor during the data write period.
[0024] The reset period and the data write period may have
the same period.

[0025] The write signal may be another scan signal that is
output to a row line next to a row line to which the scan signal
is applied.

[0026] The data write period may have a period that is
longer than the reset period.

[0027] A second power voltage coupled to a cathode of the
organic light emitting diode may be applied as a same voltage
as the first power voltage during the data write period, and
after the data write period, the second power voltage may be
changed and the organic light emitting diode may emit light.
[0028] Another embodiment of the present invention pro-
vides a display device including: a plurality of pixels, each of
the pixels including: a first switching transistor inclduing a
gate electrode coupled to a second scan line, a first electrode
coupled to a data line, and a second electrode coupledto a first
node; a first driving voltage transistor including a gate elec-
trode coupled to the first node, a first electrode coupled to a
first driving voltage, and a second electrode coupled to a
second node; a second driving voltage transistor including a
gate electrode coupled to a first scan line, a first electrode
coupled to a second driving voltage, and a second electrode
coupled to the second node; and a second switching transistor
including a gate electrode coupled to the second node, a first
electrode coupled to a first power voltage, and a second elec-
trode coupled to an organic light emitting diode.

[0029] The first driving voltage transistor may include a
channel that is different from that of the first switching tran-
sistor, the second switching transistor, and the second driving
voltage transistor.

[0030] The first switching transistor, the second switching
transistor, and the second driving voltage transistor may
include p-channel electric field effect transistors, and the first
driving voltage transistor may include an n-channel electric
field effect transistor.

[0031] Each of the pixels may further include a capacitor
including a first electrode coupled to the first power voltage
and a second electrode coupled to the second node.

[0032] The first driving voltage may be a gate-on voltage
for turning on the second switching transistor.

[0033] The second driving voltage may be a gate-off volt-
age for turning off the second switching transistor.

[0034] A datasignal with a white voltage for turning on the
first driving voltage transistor or a black voltage for turning
off the first driving voltage transistor may be applied to the
data line.

[0035] During a reset period, a first scan signal with a
gate-on voltage may be applied to the first scan line and the
second node may be reset with the second driving voltage,
and during a data write period, a second scan signal with a
gate-on voltage may be applied to the second scan line and the
data signal may be applied to the data line.
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[0036] According to example embodiments of the present
invention, power consumption of the digital driving based
display device may be reduced.

[0037] According to example embodiments of the present
invention, there is no need to increase the thickness of wiring
of the scan line and the data line for the purpose of acquiring
the time margin for inputting the data signal, thereby reducing
the time for manufacturing the display device and improving
productivity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1 shows a block diagram of a display device
according to an example embodiment of the present inven-
tion.

[0039] FIG. 2 shows a circuit diagram of a pixel according
to an example embodiment of the present invention.

[0040] FIG. 3 shows a timing diagram for an operation of
applying a data signal with a white voltage to a pixel accord-
ing to an example embodiment of the present invention.
[0041] FIG. 4 shows a circuit diagram for a first operation
of applying a data signal with a white voltage to a pixel
according to an example embodiment of the present inven-
tion.

[0042] FIG. 5 shows a circuit diagram for a second opera-
tion of applying a data signal with a white voltage to a pixel
according to an example embodiment of the present inven-
tion.

[0043] FIG. 6 shows a circuit diagram for a third operation
of applying a data signal with a white voltage to a pixel
according to an example embodiment of the present inven-
tion.

[0044] FIG. 7 shows a timing diagram for an operation of
applying a data signal with a black voltage to a pixel accord-
ing to an example embodiment of the present invention.
[0045] FIG. 8 shows a circuit diagram for an operation of
applying a data signal with a black voltage to a pixel accord-
ing to an example embodiment of the present invention.
[0046] FIG. 9 shows an example diagram of a method for
driving a display device according to an example embodi-
ment of the present invention.

[0047] FIG. 10 shows a timing diagram for an operation of
applying a data signal with a white voltage to a pixel accord-
ing to another example embodiment of the present invention.
[0048] FIG. 11 shows acircuit diagram of a pixel according
to another example embodiment of the present invention.
[0049] FIG. 12 shows a timing diagram for an operation of
applying a data signal with a white voltage to a pixel accord-
ing to another example embodiment of the present invention.
[0050] FIG. 13 shows a timing diagram for an operation of
applying a data signal with a black voltage to a pixel accord-
ing to another example embodiment of the present invention.

DETAILED DESCRIPTION

[0051] Aspects of the present invention will be described
more fully hereinafter with reference to the accompanying
drawings, in which example embodiments of the present
invention are shown. As those skilled in the art would realize,
the described embodiments may be modified in various dif-
ferent ways, all without departing from the spirit or scope of
the present invention.

[0052] Further, in the embodiments, like reference numer-
als designate like elements throughout the specification rep-
resentatively in a first embodiment, and only elements of
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other embodiments that are not substantially the same as
those of the first embodiment will be described.

[0053] Descriptions of parts not related to aspects of the
present invention are omitted, and like reference numerals
designate like elements throughout the specification.

[0054] Throughout this specification and the claims that
follow, when it is described that an element is “coupled” to
another element, the element may be “directly coupled” to the
other element or “electrically coupled” or “indirectly
coupled” to the other element through one or more interven-
ing elements. In addition, unless explicitly described to the
contrary, the word “comprise” and variations such as “com-
prises” or “comprising” will be understood to imply theinclu-
sion of the stated elements but not the exclusion of any other
elements.

[0055] FIG. 1 shows a block diagram of a display device
according to an example embodiment of the present inven-
tion.

[0056] Referring to FIG. 1, the display device includes a
signal controller 100, a scan driver 200, a data driver 300, a
write driver 400, a power supply 500, and a display unit 600.
[0057] The signal controller 100 receives video signals R,
G, and B, and an input control signal for controlling the video
signals R, G, and B from an external device. The video signals
R, G, and B include luminance information of respective
pixels (PX), and the luminance has a predetermined number,
for example, 1024=2'°,256=2% or 64=2°, of grays (e.g., gray
levels). Input control signals, for example, include a vertical
synchronization signal Vsync, a horizontal synchronization
signal Hsync, a main clock signal MCLK, and a data enable
signal DE.

[0058] The signal controller 100 appropriately processes
the image signals R, G, and B according to operating condi-
tions of the display unit 600 and the data driver 300, based on
the image signals R, G, and B and the input control signal. The
signal controller 100 generates a scan control signal CONT1,
a data control signal CONT2, a write control signal CONT3,
a power control signal CONT4, and an image data signal
DAT. The signal controller 100 transmits the scan control
signal CONT1 to the scan driver 200. The signal controller
100 transmits the data control signal CONT2 and the image
data signal DAT to the data driver 300. The signal controller
100 transmits the write control signal CONT3 to the write
driver 400. The signal controller 100 transmits the power
control signal CONT4 to the power supply 500.

[0059] The display unit 600 includes a plurality of scan
lines (S1-Sn), a plurality of data lines (D1-Dm), a plurality of
write lines (W1-Wn), and a plurality of pixels PX coupled to
(e.g., connected to) the signal lines (S1-Sn, D1-Dm, and
W1-Wn) and substantially arranged in a matrix form. The
scan lines (S1-Sn) are substantially extended in a row direc-
tion and are substantially parallel with each other. The data
lines (D1-Dm) are substantially extended in a column direc-
tion and are substantially parallel with each other. The write
lines (W1-Wn) are substantially extended in a row direction
and are substantially parallel with each other.

[0060] The scan driver 200 is coupled to the scan lines
(S1-Sn), and applies a scan signal that is a combination of a
gate-on voltage and a gate-off voltage to the scan lines (S1-
Sn) according to the scan control signal CONT1. The scan
driver 200 may sequentially apply the scan signal to a plural-
ity of scan lines (S1-Sn).

[0061] The data driver 300 is coupled to the data lines
(D1-Dm), and selects an input time or an input number of
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times of the data signal according to the image data signal
DAT. The data signal may include a white voltage and a black
voltage. The data driver 300 applies a data signal to the data
lines (D1-Dm) according to an input time or an input number
of times of the data signal selected by the data control signal
CONT2.

[0062] The write driver 400 is coupled to the write lines
(W1-Wn), and applies a write signal that is a combination of
the gate-on voltage and the gate-off voltage to the write lines
(W1-Wn) according to the write control signal CONT3. The
write driver 400 may sequentially apply the write signal to the
write lines (W1-Wn). The write driver 400 may be omitted
depending on the method for driving a display device.
[0063] The power supply 500 supplies a first power voltage
(ELVDD) and a second power voltage (ELVSS) for driving
the plurality of pixels PX to the display unit 600. The power
supply 500 supplies a first driving voltage Von and a second
driving voltage Voff for turning on/off transistors included in
the plurality of pixels PX to the display unit 600. The power
supply 500 may change at least one level of the first power
voltage (ELVDD) and second power voltage (ELVSS)
according to the power control signal CONT4.

[0064] The above-described driving devices (100, 200,
300, 400, and 500) may be mounted as at least one IC chip on
the display unit 600, mounted on a flexible printed circuit
film, attached as a tape carrier package (TCP) on the display
unit 600, mounted on an additional printed circuit board
(PCB), or integrated on the display unit 600 together with the
signal lines (S1-Sn, D1-Dm, and W1-Wn).

[0065] FIG. 2 shows a circuit diagram of a pixel according
to an example embodiment of the present invention. A pixel
provided on ani-th row and a j-th column s illustrated (1 =i=n,
l<j=m).

[0066] Referringto FIG. 2, the pixel includes a first switch-
ing transistor M1, a second switching transistor M2, a first
driving voltage transistor M3, a second driving voltage tran-
sistor M4, a write transistor M5, a first capacitor C1, a second
capacitor C2, and an organic light emitting diode (OLED).
[0067] The first switching transistor M1 includes a gate
electrode coupled (e.g., connected) to a scan line, a first
electrode coupled to a data line, and a second electrode
coupledtoa first node N1. A scansignal (S[i]) is applied to the
gate electrode of the first switching transistor M1 through the
scan line. A data signal (data[j]) is applied to the first electrode
of the first switching transistor M1 through the data line. The
first switching transistor M1 is turned on by the scan signal
(S[1]) applied to the scan line, and then applies the data signal
(datalj]) to the first node N1.

[0068] The second switching transistor M2 includes a gate
electrode coupled to a second node N2, a first electrode
coupled to a first power voltage (ELVDD), and a second
electrode coupled to the organic light emitting diode (OLED).
The second switching transistor M2 is turned on by a voltage
atthe second node N2, and then applies the first power voltage
(ELVDD) to the organic light emitting diode (OLED).
[0069] The first driving voltage transistor M3 includes a
gate electrode coupled to the first node N1, a first electrode
coupled to a first driving voltage Von, and a second electrode
coupled to a first electrode of the write transistor M5. The first
driving voltage transistor M3 is turned on by a voltage Vnl at
the first node N1, and applies the first driving voltage Von to
the write transistor M5. The first driving voltage Von may be
a gate-on voltage for turning on the second switching transis-
tor M2.
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[0070] The second driving voltage transistor M4 includes a
gate electrode coupled to the scan line, a first electrode
coupled to a second driving voltage Voff, and a second elec-
trode coupled to the second node N2. The second driving
voltage transistor M4 is turned on by the scan signal (S[i])
applied to the scan line, and applies the second driving volt-
age Voff to the second node N2. The second driving voltage
Voff may be a gate-off voltage for turning off the second
switching transistor M2.

[0071] The write transistor M5 includes a gate electrode
coupled to a write line, a first electrode coupled to the second
electrode of the first driving voltage transistor M3, and a
second electrode coupled to the second node N2. The write
transistor M5 1s turned on by the write signal (W[i]) applied
through the write line, and then applies the first driving volt-
age Von provided through the first driving voltage transistor
M3 to the second node N2.

[0072] The first capacitor C1 includes a first electrode
coupled to the first node N1 and a second electrode coupled to
the second node N2.

[0073] The second capacitor C2 includes a first electrode
coupled to the first power voltage (ELVDD) and a second
electrode coupled to the second node N2.

[0074] The organic light emitting diode (OLED) includes
an anode coupled to the second electrode of the second
switching transistor M2, and a cathode coupled to a second
power voltage (ELVSS). The organic light emitting diode
(OLED) may emit one light of primary colors. The primary
colors may include red, green, and blue, and desired colors
may be displayed by a spatial sum or a temporal sum of these
three primary colors.

[0075] An organic emission layer of the organic light emit-
ting diode (OLED) may be formed with a low-molecule
organic material or a high-molecule organic material such as
poly(3,4-ethylenedioxythiophene) (PEDOT). Also, the
organic emission layer may be formed with multiple layers
including an emission layer and at least one ofa hole injection
layer (HIL), a hole transport layer (HTL), an electron trans-
port layer (ETL), and an electron injection layer (EIL). In the
case where the organic emission layer includes all the layers,
the hole injection layer (HIL) is disposed on a pixel electrode
which is an anode, and the hole transporting layer (HTL), the
emission layer, the electron transporting layer (ETL), and the
electron injection layer (EIL) are sequentially laminated
thereon.

[0076] The organic emission layer may include a red
organic emission layer for emitting red light, a green organic
emission layer for emitting green light, or a blue organic
emission layer for emitting blue light. The red organic emis-
sion layer, the green organic emission layer, and the blue
organic emission layer are formed in ared pixel, a green pixel,
and a blue pixel, respectively, thereby realizing various color
images.

[0077] Further, the organic emission layer may realize a
color image by laminating the red organic emission layer, the
green organic emission layer, and the blue organic emission
layer together in the red pixel, the green pixel, and the blue
pixel, and forming a red color filter, a green color filter, and a
blue color filter for each pixel. As another example, white
organic emission layers emitting white light are formed in all
of the red pixel, the green pixel, and the blue pixel, and a red
color filter, a green color filter, and a blue color filter are
formed for each pixel, thereby implementing the color image.
In the case of implementing the color image by using the
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white organic emission layer and the color filters, adeposition
mask for depositing the red organic emission layer, the green
organic emission layer, and the blue organic emission layer
onrespective pixels, that is, the red pixel, the green pixel, and
the blue pixel, may not need to be used.

[0078] The white organic emission layer described in
another example embodiment may be formed to have a single
organic emission layer, and may further include a configura-
tion in which a plurality of organic emission layers are lami-
nated to emit white light. For example, a configuration in
which at least one yellow organic emission layer and at least
one blue organic emission layer are combined to emit white
light, a configuration in which at least one cyan organic emis-
sion layer and at least one red organic emission layer are
combined to emit white light, or a configuration in which at
least one magenta organic emission layer and at least one
green organic emission layer are combined to emit white light
may be further included.

[0079] The first switching transistor M1, the second
switching transistor M2, the first driving voltage transistor
M3, the second driving voltage transistor M4, and the write
transistor M5 may be p-channel electric field effect transis-
tors. In this case, the gate-on voltage for turning on the
p-channel electric field effect transistors is a low level volt-
age, and the gate-off voltage for turning them off is a high
level voltage.

[0080] The p-channel electric field effect transistors have
been described in the above description, but the present inven-
tion is not limited thereto, and at least one of the first switch-
ing transistor M1, the second switching transistor M2, the
first driving voltage transistor M3, the second driving voltage
transistor M4, and the write transistor M5 may be an n-chan-
nel electric field effect transistor. In this case, the gate-on
voltage for turning on the n-channel electric field effect tran-
sistor is a high level voltage and the gate-off voltage for
turning it off is a low level voltage.

[0081] An operation for applying a data signal with a white
voltage to a pixel of FIG. 2 will now be described with
reference to FIG. 3 to FIG. 6, and an operation for applying a
data signal with a black voltage to a pixel of FIG. 2 will be
described with reference to FIG. 7 and FIG. 8.

[0082] FIG. 3 shows a timing diagram for an operation of
applying a data signal with a white voltage to a pixel accord-
ing to an example embodiment of the present invention. FIG.
4 shows a circuit diagram for a first operation of applying a
data signal with a white voltage to a pixel according to an
example embodiment of the present invention. FIG. 5 shows
a circuit diagram for a second operation of applying a data
signal with a white voltage to a pixel according to an example
embodiment of the present invention. FIG. 6 shows a circuit
diagram for a third operation of applying a data signal with a
white voltage to a pixel according to an example embodiment
of the present invention.

[0083] Referring to FIG. 3 to FIG. 6, the operation for
applying a data signal to a pixel includes a reset period T1 and
a data write period T2. The reset period T1 is a period for
resetting a voltage Vn2 at the second node N2 with the second
driving voltage Voff. The data write period T2 is a period for
applying the first driving voltage Von or the second driving
voltage Voff to the second node N2 corresponding to the data
signal. The first driving voltage Von may be a low level
voltage (e.g., -4 V), and the second driving voltage Voff may
be a high level voltage (e.g., 6 V). The reset period T1 and the
data write period T2 may correspond to a first horizontal
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period 1H. The first horizontal period 1H is equal to or sub-
stantially equal to periods of the horizontal synchronizing
signal Hsync and the data enable signal DE.

[0084] During the reset period T1, the scan signal (S[i]) is
applied as the gate-on voltage, and the write signal (W[i]) is
applied as the gate-off voltage. The data signal (data[j]) is
applied as a black voltage for a first reset period T11 (e.g., a
predetermined first reset period), and the data signal (data[j])
is applied as a white voltage for a second reset period T12 that
is provided after the first reset period T11. The first reset
period T11 and the second reset period T12 are included in the
reset period T1. The black voltage is ahigh level voltage (e.g.,
6V), for turning off the first driving voltage transistor M3, and
the white voltage is a low level voltage (e.g., 1 V), for turning
on the first driving voltage transistor M3.

[0085] As shown in FIG. 4, the scan signal (S[i]) is applied
as the gate-on voltage during the first reset period T11 so the
first switching transistor M1 and the second driving voltage
transistor M4 are turned on. The data signal (data[j]) having a
black voltageis applied to the first node N1 through the turned
on first switching transistor M1, and the voltage Vnl at the
first node N1 becomes 6 V. The second driving voltage Voff'is
applied to the second node N2 through the turned on second
driving voltage transistor M4, and the voltage Vn2 at the
second node N2 becomes 6 V.

[0086] AsshowninFIG. 5, the data signal (data[j])is varied
into the white voltage during the second reset period T12. The
data signal (data[j]) with a white voltage is applied to the first
node N1 through the turned on first switching transistor M1,
and the voltage Vn1 at the first node N1 becomes 1 V.

[0087] As shown in FIG. 6, the scan signal (S[i]) is applied
as the gate-off voltage for the data write period T2, and the
write signal (W[i]) is applied as the gate-on voltage. When the
scan signal (S[i]) is applied as the gate-off voltage, the first
switching transistor M1 and the second driving voltage tran-
sistor M4 are turned off. When the first switching transistor
M1 is turned off, the first node N1 floats. When the write
signal (W[i]) is applied as the gate-on voltage, the write
transistor M5 is turned on. When the write transistor M5 is
turned on, the first driving voltage transistor M3 is turned on
by abootstrap effect caused by the first capacitor C1. The first
driving voltage Von is applied to the second node N2, the
voltage Vn2 at the second node N2 becomes -4 V, and the
voltage Vnl at the first node N1 is reduced to -9 V by the
bootstrap effect caused by the first capacitor C1. The voltage
Vn2 at the second node N2 is stored in the second capacitor
(2, and the second capacitor C2 maintains the second switch-
ing transistor M2 in a turned on state. When the second
switching transistor M2 is turned on by the voltage Vn2 at the
second node N2, a current flows to the organic light emitting
diode (OLED) from the first power voltage (ELVDD), and the
organic light emitting diode (OLED) emits light.

[0088] A time for the organic light emitting diode (OLED)
to emit light is controllable by one of the first power voltage
(ELVDD) and the second power voltage (ELVSS). For
example, the first power voltage (ELVDD) may be 5V, and
the second power voltage (ELVSS) may be changed to 5V
from 0'V. When the second power voltage (ELVSS) is applied
with 5V, which is equal to the first power voltage (ELVDD),
during the reset period T1 and the data write period T2, the
current does not flow to the organic light emitting diode
(OLED) when the second switching transistor M2 is turned
on, so the organic light emitting diode (OLED) emits no light.
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When the second power voltage (ELVSS) is changed to 0V,
the current flows to the organic light emitting diode (OLED)
which then emits light.

[0089] FIG. 7 shows a timing diagram for an operation of
applying a data signal with a black voltage to a pixel accord-
ing to an example embodiment of the present invention. FIG.
8 shows a circuit diagram for an operation of applying a data
signal with a black voltage to a pixel according to an example
embodiment of the present invention.

[0090] Referring to FIG. 7 and FIG. 8, during the reset
period T1, the scan signal (S[i]) is applied as the gate-on
voltage, and the write signal (W[i]) is applied as the gate-off
voltage. During the data write period T2, the scan signal (S[i])
is applied as the gate-off voltage, and the write signal (W[i])
is applied as the gate-on voltage. In this case, the data signal
(data[j]) is applied as 6 V, a black voltage, during the reset
period T1 and the data write period T2.

[0091] During the reset period T1, the first switching tran-
sistor M1 and the second driving voltage transistor M4 are
turned on. The data signal (data[j]) having the black voltage is
applied to the first node N1 through the turned on first switch-
ing transistor M1, and the voltage Vn1 at the first node N1
becomes 6 V. The second driving voltage Voff is applied to the
second node N2 through the turned on second driving voltage
transistor M4, and the voltage Vn2 at the second node N2
becomes 6 V.

[0092] During the data write period T2, the first switching
transistor M1 and the second driving voltage transistor M4
are turned off, and the write transistor M5 is turned on. Since
the voltage Vn1 at the first node N1 is 6 V that is a high level
voltage for turning off the first driving voltage transistor M3,
the first driving voltage transistor M3 is turned off. The volt-
age Vn2 at the second node N2 maintains 6 V and the second
switching transistor M2 is turned off. Hence, no current flows
to the organic light emitting diode (OLED) from the first
power voltage (ELVDD).

[0093] As described above, the write signal (W[i]) is
applied to the gate electrode of the write transistor M5
included in the pixel of FIG. 2. However, the present inven-
tion is not limited thereto. For example, when the reset period
T1 and the data write period T2 have the first horizontal
period 1H as the same period, a scan signal S[i+1] (e.g., anext
scan signal or another scan signal) other than the write signal
(WIi]) may be applied to the gate electrode of the write
transistor M5. The scan signal S[i+1] is a scan signal that is
output to a row line (e.g., subsequent row line) next to (e.g.,
adjacent to) the row line to which the scan signal (S[i])
applied to the gate electrodes of the first switching transistor
M1 and the second driving voltage transistor M4 is applied. In
this case, the write driver 400 may be omitted from the display
device of FIG. 1.

[0094] FIG. 9 shows an example diagram of a method for
driving a display device according to an example embodi-
ment of the present invention.

[0095] Referring to FIG. 9, the display device driven by the
digital driving scheme according to an embodiment of the
present invention displays an image for each frame including
a plurality of sub-fields (SF1 to SF8). Each frame has been
described to include eight sub-fields (SF1 to SF8) herein.
However, the present invention is not limited thereto, and the
number of sub-fields may vary depending on the resolution of
the display device.

[0096] Each of the sub-fields (SF1 to SF8) includes a scan
period (Sc) and an emission period (Em), respectively. As
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shown with reference to FIG. 3 and FIG. 7, the data signal
with a white voltage or a black voltage is applied to a plurality
of pixels during the scan period (Sc) of each of the sub-fields
(SF1 to SF8). During the scan period (Sc), the second power
voltage (ELVSS) is applied with the same voltage as the first
power voltage (ELVDD), and the plurality of pixels emit no
light. During the emission period (Em), the second power
voltage (ELVSS) is changed to the low level voltage. When
the second power voltage (ELVSS) is changed to the low level
voltage, the pixels to which the data signal having the white
voltage is applied emit light concurrently (e.g., simulta-
neously).

[0097] The emission periods (Em) of the plurality of sub-
fields (SF1 to SF8) are different from each other, and a gray
level (e.g., grayscale level) of a corresponding pixel is
expressed by a sum of the emission periods during which the
pixel emits light of the sub-fields (SF to SF8). For example,
the emission period (Em) of the first sub-field SF1 may be a
first period that corresponds to a first gray level, the emission
period (Em) of the second sub-field SF2 may be a second
period that corresponds to a second gray level, the emission
period (Em) of the third sub-field SF3 may be a fourth period
that corresponds to a fourth gray level, the emission period
(Em) of the fourth sub-field SF4 may be an eighth period that
corresponds to an eighth gray level, the emission period (Em)
of the fifth-sub field SF5 may be a sixteenth period that
corresponds to a sixteenth gray level, the emission period
(Em) of the sixth sub-field SF6 may be a thirty-second period
that corresponds to a thirty-second gray level, the emission
period (Em) of the seventh sub-field SF7 may be a sixty-
fourth period that corresponds to a sixty-fourth gray level, and
the emission period (Em) of the eighth sub-field SF8 may be
aone hundred-twenty-eighth period that corresponds to a one
hundred-twenty-eighth gray level. The 256 grays can be
expressed by the sum of the emission periods (Em) of the
pixels in the first to eighth sub-fields (SF1 to SF8).

[0098] The voltage difference between the minimum volt-
age and the maximum voltage of the data signal of the display
device using the conventional digital driving scheme, that is,
a voltage range, is 10 V. In contrast, the voltage range of the
data signal of the display device using the proposed digital
driving scheme according to an embodiment of the present
invention is 5V or about 5 V.

[0099] In the digital driving scheme, power consumption
(P) for driving the display device becomes P=CV2f. Here, C
is capacitance of the data line, V is a voltage range of the data
signal, and f is an operation frequency. The example digital
driving scheme according to an embodiment of the present
invention, compared to the existing digital driving scheme,
reduces the voltage range of the data signal to 14, so power
consumption needed for driving the display device according
to the proposed digital driving scheme is reduced to ¥4. Since
power consumption is reduced, there is no need to increase
the wiring thickness of the scan line and the data line for the
input time margin of the data signal. Accordingly, the time for
manufacturing the display device is reduced and productivity
is improved.

[0100] It is possible to control the capacitance of the first
capacitor C1 to be very small in the pixel of FIG. 2 in order to
improve integrity of the pixel in the display device. In addi-
tion, in order to further reduce power consumption (P) for
driving the display device, the voltage range of the data signal
may be controlled to be less than 3 V. For example, the
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bootstrap operation by the first capacitor C1 is completely
performed, which may take a time that is longer than the first
horizontal period 1H.

[0101] In this case, as shown in FIG. 10, it is possible to
completely perform the bootstrap operation by the first
capacitor C1 by increasing the data write period T2 to be
greater than the reset period T1. That is, the data write period
T2 may have a period that is longer than the reset period T1.
[0102] FIG. 10 shows a timing diagram for an operation of
applying a data signal with a white voltage to a pixel accord-
ing to another example embodiment of the present invention.
[0103] Compared to FIG. 3, the black voltage becomes 6 V
and the white voltage becomes 3 V so the voltage range of the
data signal (data[j]) becomes 3 V. Accordingly, in the second
reset period T12, the voltage Vn1 at the first node N1 becomes
3 V. In the data write period T2, the voltage Vnl at the first
node N1 becomes -7 V by a bootstrap effect caused by the
first capacitor C1. Compared to the case in which the voltage
Vn1 at the first node N1 becomes -9 V by the bootstrap effect
caused by the first capacitor C1 as shown in FIG. 3, the case
in which the voltage Vnl at the first node N1 becomes -7 V
requires much time to turn on the first driving voltage tran-
sistor M3. In this instance, the time for completely perform-
ing the bootstrap operation caused by the first capacitor C1
may be acquired by setting the data write period T2 as a
second horizontal period 2H.

[0104] Compared to the conventional digital driving
scheme, the voltage range of the data signal is reduced to 1o,
and power consumption for driving the display device is
reduced to %1o0.

[0105] FIG. 11 shows acircuit diagram of a pixel according
to another example embodiment of the present invention. A
pixel provided on the i-th row and the j-th column is illus-
trated (1<i=n, 1<j=m).

[0106] Referring to FIG. 11, the pixel includes a first
switching transistor M11, a second switching transistor M12,
a first driving voltage transistor M13, a second driving volt-
age transistor M14, a first capacitor C11, and an organic light
emitting diode (OLED).

[0107] The first switching transistor M1 includes a gate
electrode coupled (e.g., connected) to a scan line, a first
electrode coupled to a data line, and a second electrode
coupled to a first node N11. The first switching transistor M11
is turned on by a scan signal (S[i]) applied to the scan line and
applies a data signal (data[j]) to the first node N11.

[0108] Thesecond switching transistor M12 includes a gate
electrode coupled to a second node N12, a first electrode
coupled to a first power voltage (ELVDD), and a second
electrode coupled to the organic light emitting diode (OLED).
The second switching transistor M12 is turned on by a voltage
at the second node N12, and then applies the first power
voltage (ELVDD) to the organic light emitting diode
(OLED).

[0109] The first driving voltage transistor M13 includes a
gate electrode coupled to the first node N11, a first electrode
coupled to a first driving voltage Von, and a second electrode
coupled to the second node N12. The first driving voltage
transistor M13 is turned on by a voltage V1 at the first node
N11 and applies the first driving voltage Von to the second
node N12.

[0110] The second driving voltage transistor M14 includes
a gate electrode coupled to a scan line (e.g., a previous scan
line), a first electrode coupled to a second driving voltage
Voff, and a second electrode coupled to the second node N12.
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The second driving voltage transistor M14 is turned on by a
scan signal (S[i-1]) (e.g., a previous scan signal) applied to
the scan line, and applies the second driving voltage Voff to
the second node N12.

[0111] The scan line coupled to the gate electrode of the
second driving voltage transistor M14 is a scan line that is
arranged prior to the scan line coupled to the gate electrode of
the first switching transistor M11 by one row. That is, the scan
signal (S[i-1]) is applied to the gate electrode of the second
driving voltage transistor M14 in advance of the time when
the scan signal (S[i]) is applied to the gate electrode of the first
switching transistor M11 by one row.

[0112] The first driving voltage transistor M13 is a transis-
tor with a channel that is different from the first switching
transistor M11, the second switching transistor M12, and the
second driving voltage transistor M14. That is, the first
switching transistor M11, the second switching transistor
M12, and the second driving voltage transistor M14 are
p-channel electric field effect transistors, and the first driving
voltage transistor M13 is an n-channel electric field effect
transistor.

[0113] The first capacitor C11 includes a first electrode
coupled to the first power voltage (ELVDD) and a second
electrode coupled to the second node N12.

[0114] The organic light emitting diode (OLED) includes
an anode coupled to the second electrode of the second
switching transistor M 12, and a cathode coupled to a second
power voltage (ELVSS). The organic light emitting diode
(OLED) may emit light of one of the primary colors. The
primary colors may include red, green, and blue, and a desired
color may be expressed by a spatial or temporal sum of these
three primary colors.

[0115] An operation for applying a data signal with a white
voltage to a pixel of FIG. 11 and an operation for applying a
data signal with a black voltage thereto will now be described
with reference to FIG. 12 and FIG. 13.

[0116] FIG. 12 shows a timing diagram for an operation of
applying a data signal with a white voltage to a pixel accord-
ing to another example embodiment of the present invention.
[0117] Referring to FIG. 12, during the reset period T1, the
first scan signal (S[i-1]) is applied as a gate-on voltage, and
the second scan signal (S[i]) is applied as a gate-off voltage.
The first scan signal (S[i-1]) is a signal applied to the scan
line arranged prior to the second scan signal (S[i]) by one row.
The data signal (data[j]) may be applied as a black voltage.
The black voltage is a low level voltage, which may be -4 V,
for turning off the first driving voltage transistor M13, and the
white voltage is a high level voltage, which may be 1V, for
turning on the first driving voltage transistor M13. When the
first scan signal (S[i-1]) is applied as a gate-on voltage, the
second driving voltage transistor M14 is turned on. The sec-
ond driving voltage Voff is applied to the second node N12
through the turned on second driving voltage transistor M14.
When the second driving voltage Voff'is 6 V, the voltage Vn12
at the second node N12 becomes 6 V.

[0118] During the data write period T2, the first scan signal
(S[i-1]) is applied as a gate-off voltage, and the second scan
signal (S[n]) is applied as a gate-on voltage. The data signal
(data[j]) is applied as a white voltage. When the first scan
signal (S[i-1]) is applied as a gate-off voltage, the second
driving voltage transistor M14 is turned off. When the second
scan signal (S[n]) is applied as a gate-on voltage, the first
switching transistor M11 is turned on. The data signal (data
[iD) having the white voltage is applied to the first node N11
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through the turned on first switching transistor M11, and the
voltage Vnl1 at the first node N11 becomes 1 V. The first
driving voltage transistor M13 is turned on by the voltage
Vnl1 at the first node N11. The first driving voltage Von is
applied to the second node N12 through the turned on first
driving voltage transistor M13. When the first driving voltage
is =4V, the voltage Vn12 at the second node N12 becomes -4
V. The voltage Vn12 at the second node N12 is stored in the
first capacitor C11, and maintains the second switching tran-
sistor M12 in the turned on state. When the second switching
transistor M12 is turned on by the voltage Vn12 at the second
node N12, a current flows to the organic light emitting diode
(OLED) from the first power voltage (ELVDD), and the
organic light emitting diode (OLED) emits light.

[0119] FIG. 13 shows a timing diagram for an operation of
applying a data signal with a black voltage to a pixel accord-
ing to another example embodiment of the present invention.
[0120] Referring to FIG. 13, during the reset period T1, the
first scan signal (S[i-1]) is applied as a gate-on voltage, and
the second scan signal (S[i]) is applied as a gate-off voltage.
During the data write period T2, the first scan signal (S[i-1])
is applied as a gate-off voltage, and the second scan signal
(S[i]) is applied as a gate-on voltage. In this case, the data
signal (data[j]) is applied with -4 V, a black voltage, during
the reset period T1 and the data write period T2.

[0121] During the reset period T1, the second driving volt-
age transistor M14 is turned on. The second driving voltage
Voffis applied to the second node N12 through the turned on
second driving voltage transistor M14, and the voltage Vn12
at the second node N12 becomes 6 V.

[0122] During the data write period T2, the second driving
voltage transistor M14 is turned off and the first switching
transistor M11 is turned on. The data signal (data[j]) is
applied to the first node N11 through the turned on first
switching transistor M11, and the voltage Vnl1 at the first
node N11 becomes -4V, a low level voltage for turning off the
first driving voltage transistor M13. The first driving voltage
transistor M13 maintains the turn off state. The voltage Vn12
at the second node N12 is maintained at 6 V and the second
switching transistor M12 is turned off. Therefore, no current
flows to the organic light emitting diode (OLED) from the
first power voltage (ELVDD).

[0123] The pixel of FIG. 11 needs a process for manufac-
turing an n-channel electric field effect transistor in addition
to the process for manufacturing the p-channel electric field
effect transistor compared to the pixel of FIG. 2, but the pixel
of FIG. 11 can be integrated in a small area because there are
less transistors and capacitors configuring the pixel, and a
driving operation of the pixel is simplified because a boot-
strap time is not needed.

[0124] At least one of a plurality of transistors included in
the pixel of FIG. 2 and FIG. 11 may be an oxide thin film
transistor (oxide TFT) in which a semiconductor layer is
configured with an oxide semiconductor.

[0125] The oxide semiconductor may include one oxide
based on titanium (T1), hafnium (Hf), zirconium (Zr), alumi-
num (Al), tantalum (Ta), germanium (Ge), zinc (Zn), gallium
(Ga), tin (Sn), or indium (In), and complex oxides thereof
such as zinc oxide (Zn0O), indium-gallium-zinc oxide (In-
GaZn04), indium zinc oxide (In—Zn—~0), zinc-tin oxide
(Zn—Sn—0), indium gallium oxide (In—Ga—0), indium-
tin oxide (In—Sn—0), indium-zirconium oxide (In—Zr—
0), indium-zirconium-zinc oxide (In—Z7r—7n—0),
indium-zirconium-tin oxide (In—7Zr—Sn—0), indium-zir-
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conium-gallium oxide (In—Zr—Ga—O0), indium-aluminum
oxide (In—Al—0), indium-zinc-aluminum oxide (In—
Zn—Al—0), indium-tin-aluminum oxide (In—Sn—Al—
0), indium-aluminum-gallium oxide (In—Al—Ga—O0),
indium-tantalum oxide (In—Ta—0), indium-tantalum-zinc
oxide (In—Ta—7n—0), indium-tantalum-tin oxide (In—
Ta—Sn—0), indium-tantalum-gallium oxide (In—Ta—
Ga—0), indium-germanium oxide (In—Ge—O0), indium-
germanium-zinc  oxide  (In—Ge—Zn—0), indium-
germanium-tin -~ oxide  (In—Ge—Sn—O0), indium-
germanium gallium oxide (In—Ge—Ga—0), titanium-
indium-zine oxide (Ti—In—Zn—O0), and hafnium-indium-
zinc oxide (HE—In—7n—0).

[0126] The semiconductor layer includes a channel area in
which impurities are not doped, and a source area and a drain
area in which impurities are doped at respective sides of the
channel area. Herein, the impurities vary according to a kind
of thin film transistor, and may be N-type impurities or P-type
impurities.

[0127] When the semiconductor layer is formed of the
oxide semiconductor, a separate passivation layer may be
added in order to protect the oxide semiconductor, which may
be vulnerable to the external environment such as exposure to
a high temperature.

[0128] The accompanying drawings and the example
embodiments of the present invention are only examples, and
are used only to describe aspects of the present invention, but
should not be construed as limiting the spirit or scope of the
present invention as defined by the following claims, and their
equivalents. Thus, it will be understood by those of ordinary
skill in the art that various modifications and equivalent
embodiments may be made. Therefore, the spirit and scope of
the present invention may be defined by the following clams,
and their equivalents.

What is claimed is:

1. A display device comprising:

a plurality of pixels, each of the pixels comprising: a first
switching transistor comprising a gate electrode coupled

to ascan line, a first electrode coupled to a data line, and
a second electrode coupled to a first node;

a first driving voltage transistor comprising a gate elec-
trode coupled to the first node, and a first electrode
coupled to a first driving voltage;

a write transistor comprising a gate electrode coupled to
a write line, a first electrode coupled to a second
electrode of the first driving voltage transistor, and a
second electrode coupled to a second node;

a second switching transistor comprising a gate elec-
trode coupled to the second node, a first electrode
coupled to a first power voltage, and a second elec-
trode coupled to an organic light emitting diode; and

a first capacitor comprising a first electrode coupled to
the first node and a second electrode coupled to the
second node.

2. The display device of claim 1, wherein
each of the pixels further comprises

asecond driving voltage transistor comprising a gate elec-
trode coupled to the scan line, a first electrode coupled to
asecond driving voltage, and a second electrode coupled
to the second node.
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3. The display device of claim 2, wherein

each of the pixels further comprises

a second capacitor comprising a first electrode coupled to
the first power voltage and a second electrode coupled to
the second node.

4. The display device of claim 3, wherein

the first driving voltage is a gate-on voltage for turning on
the second switching transistor.

5. The display device of claim 4, wherein

the second driving voltage is a gate-off voltage for turning
off the second switching transistor.

6. The display device of claim 1, wherein

a data signal with a white voltage for turning on the first
driving voltage transistor or a black voltage for turning
off the first driving voltage transistor is applied to the
data line.

7. The display device of claim 6, wherein:

during areset period, a scan signal with a gate-on voltage is
applied to the scan line and the data signal is applied to
the data line, and

during a data write period, a scan signal with a gate-off
voltage is applied to the scan line and a write signal is
applied as a gate-on voltage to the write line.

8. The display device of claim 7, wherein

when the data signal is applied as the white voltage, a
voltage at the first node is changed to a voltage for
turning on the first driving voltage transistor by a boot-
strap effect caused by the first capacitor during the data
write period.

9. The display device of claim 7, wherein

the reset period and the data write period have the same
period.

10. The display device of claim 9, wherein

the write signal is another scan signal that is output to a row
line next to a row line to which the scan signal is applied.

11. The display device of claim 7, wherein

the data write period has a period that is longer than the
reset period.

12. The display device of claim 7, wherein

a second power voltage coupled to a cathode of the organic
light emitting diode is applied as a same voltage as the
first power voltage during the data write period, and after
the data write period, the second power voltage is
changed and the organic light emitting diode emits light.

13. A display device comprising:

a plurality of pixels, each of the pixels comprising: a first
switching transistor comprising a gate electrode coupled
to a second scan line, a first electrode coupled to a data
line, and a second electrode coupled to a first node;

a first driving voltage transistor comprising a gate elec-
trode coupled to the first node, a first electrode
coupled to a first driving voltage, and a second elec-
trode coupled to a second node;

a second driving voltage transistor comprising a gate
electrode coupled to a first scan line, a first electrode
coupled to a second driving voltage, and a second
electrode coupled to the second node; and

a second switching transistor comprising a gate elec-
trode coupled to the second node, a first electrode
coupled to a first power voltage, and a second elec-
trode coupled to an organic light emitting diode.
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14. The display device of claim 13, wherein

the first driving voltage transistor comprises a channel that
is different from that of the first switching transistor, the
second switching transistor, and the second driving volt-
age transistor.

15. The display device of claim 14, wherein

the first switching transistor, the second switching transis-
tor, and the second driving voltage transistor comprise
p-channel electric field effect transistors, and the first
driving voltage transistor comprises an n-channel elec-
tric field effect transistor.

16. The display device of claim 14, wherein

each of the pixels further comprises

a capacitor comprising a first electrode coupled to the first
power voltage and a second electrode coupled to the
second node.

17. The display device of claim 16, wherein

the first driving voltage is a gate-on voltage for turning on
the second switching transistor.
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18. The display device of claim 17, wherein

the second driving voltage is a gate-oft voltage for turning
off the second switching transistor.

19. The display device of claim 13, wherein

a data signal with a white voltage for turning on the first
driving voltage transistor or a black voltage for turning
off the first driving voltage transistor is applied to the
data line.

20. The display device of claim 19, wherein

during a reset period, a first scan signal with a gate-on
voltage is applied to the first scan line and the second
node is reset with the second driving voltage, and

during a data write period, a second scan signal with a
gate-on voltage is applied to the second scan line and the
data signal is applied to the data line.
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