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PIXEL CIRCUIT AND DISPLAY DEVICE
USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from and the benefit of
Korean Patent Application No. 10-2013-0099807, filed on
Aug. 22,2013, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND

1. Field

Exemplary embodiments of the present invention relate to
a pixel circuit and a display device using the pixel circuit.
More particularly, exemplary embodiments of the present
invention relate to a pixel circuit that can be driven at a high
speed and display an image of uniform luminance, and a
display device using the pixel circuit.

2. Discussion of the Background

Various kinds of flat display devices developed in recent
years are capable of reducing detriments of cathode ray tubes
(CRT), such as their heavy weight and large size. Examples of
flat panel displays are a liquid crystal display (LCD), a field
emission display (FED), a plasma display panel (PDP), an
organic light emitting diode (OLED) display, and the like.

Among the flat panel displays, the organic light emitting
diode display which uses an organic light emitting diode
(OLED), generates light by recombining electrons and holes,
has a fast response speed, is driven with low power consump-
tion, and has excellent emission efficiency, luminance, and
viewing angle, such that it has recently been in the limelight.

In general, a plurality of pixels emitting light in the organic
light emitting diode (OLED) display include an organic light
emitting diode (OLED), and the organic light emitting diode
(OLED) generates light of a predetermined luminance corre-
sponding to a data current supplied from a pixel circuit.

Digital driving, which is one method of expressing gray-
scale of the organic light emitting diode display, controls an
on time of a pixel. When the digital driving is used in the
organic light emitting diode, one frame is divided into a
plurality of sub-frames, and a light emitting period of each
sub-frame is set in order to display grayscale. Among a plu-
rality of sub-frames constituting one frame, the pixel emits
light during the selected sub-frame depending on an image
signal for grayscale expression. That is, the sub-frame is
selected according to the image signal, and is turned on to
express the grayscale.

The above information disclosed in this Background sec-
tion is only for enhancement of understanding of the back-
ground of the invention and therefore it may contain infor-
mation that does not form the prior art that is already known
in this country to a person of ordinary skill in the art.

SUMMARY

Exemplary embodiments ofthe present invention provide a
pixel circuit having advantages of facilitating a high-speed
drive by reducing a data writing time thereof.

Exemplary embodiments of the present invention also pro-
vide a high-definition large-screen display device having
advantages of displaying an image of uniform luminance.

Additional features of the invention will be set forth in the
description which follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tion.
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An exemplary embodiment of the present invention dis-
closes pixel circuit comprising an organic light emitting diode
(OLED), an RS trigger comprising a first terminal connected
to a scan line, a second terminal connected to an enable line,
and a third terminal connected to a data line, the RS trigger
configured to generate an output signal according to an enable
signal, a data signal, and a scan signal respectively received
via the enable line, the data line, and the scan line, and a
driving transistor comprising a first electrode connected to a
first power source, a second electrode connected to an anode
of the OLED, and a gate electrode connected to an output
terminal of the RS trigger, the driver transistor configured to
control a current flowing through the OLED inresponse to the
output signal of the RS trigger.

An exemplary embodiment of the present invention also
discloses a display device comprising a scan driver config-
ured to generate a scan signal and apply the scan signal to at
least one scan line, a data driver configured to generate a data
signal and apply the data signal to at least one data line, an
enable driver configured to generate an enable signal and
apply the enable signal to at least one enable line, a controller
configured to control the scan driver, the data driver, and the
enable driver, and at least one pixel circuit comprising an
organic light emitting diode (OLED), an RS trigger compris-
ing a first terminal connected to a scan line, a second terminal
connected to an enable line, and a third terminal connected to
a data line, the RS trigger configured to generate an output
signal according to an enable signal, a data signal, and a scan
signal respectively received via the enable line, the data line,
and the scan line, and a driving transistor comprising a first
electrode connected to a first power source, a second elec-
trode connected to an anode of the OLED, and a gate elec-
trode connected to an output terminal of the RS trigger, the
driver transistor configured to control a current flowing
through the OLED in response to the output signal of the RS
trigger, wherein the at least one pixel circuit is disposed
between the at least one scan line, the at least one data line,
and the at least one enable line. It is to be understood that both
the foregoing general description and the following detailed
description are exemplary and explanatory and are intended
to provide further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention, and together with the descrip-
tion serve to explain the principles of the invention.

FIG. 1 is a block diagram showing a display device in
accordance with an exemplary embodiment of the present
invention.

FIG. 2 shows a pixel circuit in accordance with the present
exemplary embodiment.

FIG. 3 shows sub-frames constituting a digital-driven
framein accordance with the present exemplary embodiment.

FIG. 4 shows an RS trigger in accordance with the present
exemplary embodiment.

FIG. 5 shows a driving timing of the RS trigger in accor-
dance with the present exemplary embodiment.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

In the following detailed description, only certain exem-
plary embodiments of the present invention have been shown
and described, simply by way of illustration. As those skilled
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in the art would realize, the described embodiments may be
modified in various different ways, all without departing from
the spirit or scope of the present invention.

Further, constituent elements having the same configura-
tions in the exemplary embodiments are exemplarily
described in a first exemplary embodinent using like refer-
ence numerals, and only different configurations from those
in the first exemplary embodiment will be described in other
exemplary embodiments.

In the drawings and this specification, parts or elements
that are not related to the description hereof are omitted in
order to clearly describe the present invention, and the same
or like constituent elements are designated by the same ref-
erence numerals throughout the specification.

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” to the other element
through a third element. In addition, unless explicitly
described to the contrary, the word “comprise” and variations
such as “comprises” or “comprising” will be understood to
imply the inclusion of stated elements but not the exclusion of
any other elements.

It will be understood that when an element or layer is
referred to as being “on” or “connected to” another element or
layer, it can be directly on or directly connected to the other
element or layer, or intervening elements or layers may be
present. In contrast, when an element or layer is referred to as
being “directly on” or “directly connected to” another ele-
ment or layer, there are no intervening elements or layers
present. It will be understood that for the purposes of this
disclosure, “at least one of X, Y, and Z” can be construed as X
only, Y only, Z only, or any combination of two or more items
X, Y, and Z (e.g., XYZ, XYY, YZ, Z7).

FIG. 1 is a block diagram showing a display device in
accordance with an exemplary embodiment of the present
invention.

Referring to FIG. 1, the display device 1 of the present
exemplary embodiment includes: a display 10 including a
plurality of pixels 40 connected to a plurality of scan lines S1
to Sn, a plurality of data lines DA1 to DAm, and a plurality of
enable lines E1 to En; a scan driver 20 for applying a scan
signal to the pixels 40 through the scan lines S1 to Sn; a data
driver 30 for applying data signals to the pixels 40 through the
data lines D1 to Dam; an enable driver 70 for applying enable
signals to the pixels through the enable lines E1 to En; and a
timing controller 60 for controlling the scan driver 20, the
data driver 30, and the enable driver 70.

The pixels 40 are powered by a first power source ELVDD
and a second power source ELVSS, located outside the dis-
play device 1. Each of the pixels 40 supply currents to an
organic light emitting diode (OLED) according to corre-
sponding data signal, and the OLED emits light with lumi-
nance according to the currents.

The timing controller 60 receives image signals R, G, and
B from an external device and an input control signal for
controlling displaying of the image signals. The image sig-
nals R, G, and B include luminance information of the corre-
sponding pixels 40, and the luminance information includes
corresponding grayscale data in, for example, 1024 (2'%), 256
(2%, or 64 (2°) grayscales. The input control signals include a
vertical synchronization signal Vsync, a horizontal synchro-
nization signal Hsync, and a main clock signal MCLK.

The timing controller 60 processes the image signals R, G,
and B to meet the operational conditions of the display 10 and
the data driver 30 based on the image signals R, G, and B and
the input control signal, and generates a data control signal
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DCS, a scan control signal SCS, and an enable control signal
ECS. The data control signal DCS is supplied to the data
driver 30, the scan control signal SCS is supplied to the scan
driver 20, and the enable control signal ECS is supplied to the
enable driver 70.

The timing controller 60 divides the frame of the image
signals R, G, and B into a plurality of sub-frames SF and
determines driving methods of the pixels 40.

FIG. 3 shows sub-frames constituting a digital-driven
framein accordance with the present exemplary embodiment.

The sub-frames of FIG. 3 are arranged in order from a
sub-frame 1 SF1 to a sub-frame 8-4 SF8-4, and in detail, in an
ascending order of sub-frame 1 SF1, sub-frame 2 SF2, sub-
frame 3 SF3, sub-frame 4 SF4, sub-frame 5 SF3, sub-frame 6
SF6, sub-frame 7-1 SF7-1, sub-frame 7-2 SF7-2, sub-frame
8-1 SF8-1, sub-frame 8-2 SF8-2, sub-frame 8-3 SF8-3, and
sub-frame 8-4 SF8-4. A light emitting period for expressing a
grayscale is allocated to each sub-frame, and the light emit-
ting periods corresponding to the respective sub-frames are
shown on the bottom row of the table of FIG. 3.

According to the present digital driving method, one frame
is divided into a plurality of sub-frames, and grayscale is
expressed by turning on a sub-frame selected according to the
image signal for one frame period. For example, to express
the grayscale 12, the sub-frame 3 SF3 having four light emit-
ting periods and the sub-frame 4 SF4 having eight light emit-
ting periods may be turned on for one frame period. To
express grayscale 127, all of the sub-frame 1 SF1 to the
sub-frame 7-2 SF7-2 may be turned on for one frame period.
To express grayscale 128, all of the sub-frame 8-1 SF8-1 to
the sub-frame 8-4 SF8-4 may be turned on for one frame
period.

The data driver 30 applies a plurality of data signals to the
data lines DA1 to DAm for the sub-frames SF included in one
frame according to the data control signal DCS.

Specifically, the data driver 30 is synchronized with a time
point when a scan signal having a gate-on voltage corre-
sponding to each of the sub-frames is applied, and applies a
plurality of data signals through the data lines DA1 to Dam, to
control whether or not the pixels 40 should emit light. The
gate-on voltage signifies a voltage level for turning on a
driving transistor TR which transmits a current to the OLED,
as will be described below with reference to a pixel configu-
ration of FIG. 2.

The scan driver 20 is synchronized with a starting point of
each sub-frame SF, and applies a scan signal having a gate-on
voltage to a corresponding scan line among the scan lines S1
to Sn. Accordingly, the pixels 40 that are connected to the
corresponding scan line are selected. The pixels 40 selected
by the scan signal receive the data signal from the data lines
DA1 to DAm according to the corresponding sub-frame.
Herein, the corresponding sub-frame refers to a sub-frame
that corresponds to the scan signal having a gate-on voltage.

The first power source ELVDD and the second power
source ELVSS supply two driving voltages for the operation
of the pixels 40. The two driving voltages include a high-level
driving voltage supplied from the first power source ELVDD
and a low-level driving voltage supplied from the second
power source ELVSS. In some exemplary embodiments, the
first power source ELVDD or the second power source
ELVSS may be a ground.

FIG. 2 shows a pixel circuit in accordance with the present
exemplary embodiment. More specifically, FIG. 2 shows a
pixel circuit 45 of a pixel 40 connected to an mth scan line Sn,
an mth data line DAm, and an nth enable line En, among the
pixels 40 of FIG. 1.
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Referring to FIG. 2, the pixel circuit 45 of the present
exemplary embodiment controls a current amount supplied to
the OLED in response to a data signal applied to the data line
DAm when a scan signal is applied to the scan line Sn. The
pixel circuit 45 includes a driving transistor TR, an RS trigger
46, and an OLED. FIG. 2 shows one exemplary embodiment
of the driving circuit of the pixel, but the embodiment is not
restricted to the above-described embodiment, and other
known configurations of the pixel circuit in the corresponding
field are applicable in various ways.

The driving transistor TR includes a gate electrode con-
nected to an output terminal OUT of the RS trigger 46, a
source electrode connected to the first power source ELVDD,
and a drain electrode connected to an anode of the OLED.

When a low-level output signal of the RS trigger 46 is
applied to a gate electrode of the driving transistor TR, the
driving transistor RS is turned on. Accordingly, a voltage
difference between the gate electrode and the source elec-
trode of the driving transistor TR equals a voltage difference
between the data signal and a first driving voltage from the
first power source ELVDD, and the voltage difference
between the source electrode and the gate electrode may drive
current flow in the driving transistor TR according to the
voltage difference. The driving current is transferred to the
OLED, and the OLED emits light according to the transferred
driving current.

The driving transistor TR in present exemplary embodi-
ment is described as a PMOS transistor. The driving transistor
TR may also be formed of a NMOS transistor, a CMOS
transistor, or a combination thereof.

The anode electrode of the OLED is connected to the drain
electrode of the driving transistor TR, and the cathode elec-
trode thereof is connected to the second power source
ELVSS. The OLED emits light according to the driving cut-
rent flowing through the driving transistor TR.

The RS trigger 46 includes a reset terminal R, a set terminal
S, an enable terminal E, an output terminal OUT, a first power
source terminal V1, and a second power source terminal V2.

The set terminal S is connected to the corresponding scan
lines scan lines Sn, the reset terminal R is connected to the
corresponding data lines DAm, and the enable terminal E is
connected to the corresponding enable lines En.

A firstdriving voltage of a high level supplied from the first
power source ELVDD is applied to the first power source
terminal V1, and a second driving voltage of a low level
supplied from the second power ELVSS is applied to the
second power source terminal V2.

The output terminal OUT is connected to the gate electrode
of the driving transistor TR to apply an output value of the RS
trigger 46 to the gate electrode of the driving transistor TR.

When a plurality of scan signals having gate-on voltage
levels are applied to a corresponding scan line, the corre-
sponding scan signal is applied to the RS trigger 46 connected
to the corresponding scan line through the set terminal S.

When a plurality of data signals are applied to a corre-
sponding data line among the data lines DA1 to Dam, the
corresponding data signal is applied to the RS trigger 46
connected to the corresponding data line through the reset
terminal R.

FIG. 4 shows an RS trigger 46 in accordance with the
present exemplary embodiment.

The RS trigger 46 in accordance with the present exem-
plary embodiment includes a first AND gate 47, a second
AND gate 48, a first NOR gate 49, and a second NOR gate 50.

A first input terminal 47-1 of the first AND gate 47 is
connected to the reset terminal R to receive a data signal from
the data line DAm. A second input terminal 47-2 of the first
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AND gate 47 is connected to the enable terminal E to receive
an enable signal from the enable line En.

A first input terminal 48-1 of the second AND gate 48 is
connected to the set terminal S to receive a scan signal from
the scan line Sn. A second input terminal 48-2 of the second
AND gate 48 is connected to the enable terminal E to receive
an enable signal from the enable line En.

A first input terminal 49-1 of the first NOR gate 49 is
connected to an output terminal of the first AND gate 47 to
receive an output signal of the first AND gate 47. A second
input terminal 49-2 of the first NOR gate 49 is connected to an
output terminal of the second NOR gate 50 to receive an
output signal of the second NOR gate 50.

A first input terminal 50-2 of the second NOR gate 50 is
connected to an output terminal of the second AND gate 48 to
receive an output signal of the second AND gate 48. A second
input terminal 50-1 of the second NOR gate 50 is connected
to an output terminal of the first NOR gate 49 to receive an
output signal of the first NOR gate 49.

The output characteristics of the RS trigger 46 in accor-
dance with the present exemplary embodiment are shown in
the following Table 1.

TABLE 1
S R Q
0 0 Previous state
0 1 0
1 0 1
1 1 Not available

When a high-level signal is applied to the enable terminal
E of the RS trigger 46, an output of the RS trigger 46 is
determined according to signals applied to the set terminal S
and the reset terminal R. When a low-level signal is applied to
the enable terminal E, the output generated by the RS trigger
46 when the high-level signal is applied to the enable terminal
E is maintained.

Hereinafter, the case when the high-level signal is applied
to the enable terminal E will be described. As shown in Table
1, when low-level signals are applied to the set terminal S and
the reset terminal R of the RS trigger 46 in accordance with
the present exemplary embodiment, the previous output is
outputted to the output terminal OUT as it is.

When a low-level signal is applied to the set terminal S and
a high-level signal is applied to the reset terminal R, a low-
level signal is outputted to the output terminal OUT.

When a high-level signal is applied to the set terminal S and
a low-level signal is applied to the reset terminal R, a high-
level signal is outputted to the output terminal OUT.

There is no case when high-level signals are applied to the
set terminal S and the reset terminal R.

FIG. 5 shows driving timing of the RS trigger 46 in accor-
dance with the present exemplary embodiment.

A high-level enable signal is applied to the enable terminal
E of an RS trigger 46 of a corresponding pixel during a
light-emission period T1 of a corresponding sub-frame (SF)
according to an enable control signal (ESC).

When a high-level signal is first applied to the reset termi-
nal R ofthe RS trigger 46 of the corresponding pixel accord-
ing to a data control signal (DCS), and a low-level signal is
applied to the set terminal S of the RS trigger 46 in the pixel
according to a scan control signal (SCS), alow-level signal is
outputted to the output terminal OUT of the RS trigger 46.
The low-level signal of the output terminal OUT of the RS
trigger 46 is applied to the gate terminal of the driving tran-



US 9,368,068 B2

7

sistor TR to turn on the driving transistor TR, and thus a
driving current starts to flow into the OLED, and the OLED
starts to emit light.

Inthis state, when the low-level signalis applied to the reset
terminal R, the output of the reset terminal is maintained. The
low-level signal is outputted to the output terminal OUT of
the RS trigger 46 to maintain the light emission of the OLED.

Thereafter, when a high-level signal is first applied to the
set terminal S of the RS trigger 46 of a corresponding pixel
according to a scan control signal SCS, and a low-level signal
is applied to the reset terminal R of the RS trigger 46 in the
pixel according to a data control signal DCS, a high-level
signal is outputted to the output terminal OUT of the RS
trigger 46. The high-level signal of the output terminal OUT
of the RS trigger 46 is applied to the gate terminal of the
driving transistor TR and turns off the driving transistor TR,
and thus the OLED does not emit light.

The present invention has an effect of facilitating high-
speed driving by reducing a data writing time thereof. The
present invention also has effect of enabling a high-definition
large-screen display device to display an image of uniform
luminance.

While this invention has been described in connection with
what is presently considered to be practical exemplary
embodiments, it is to be understood that the invention is not
limited to the disclosed embodiments. but, on the contrary, is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A pixel circuit comprising:

an organic light emitting diode (OLED),

an RS trigger comprising a first terminal connected to a

scan line, a second terminal connected to an enable line,
and a third terminal connected to a data line, the RS
trigger configured to generate an output signal according
to an enable signal, a data signal, and a scan signal
respectively received via the enable line, the data line,
and the scan line; and

a driving transistor comprising a first electrode connected

to a first power source, a second electrode connected to
ananode of the OLED, and a gate electrode connected to
an output terminal of the RS trigger, the driver transistor
configured to control a current flowing through the
OLED in response to the output signal of the RS trigger.

2. The pixel circuit of claim 1, wherein the RS trigger is
further configured to output the output signal according to
signals applied respectively to the first terminal and the third
terminal, when the enable signal of a first level is applied to
the second terminal of the RS trigger.

3. The pixel circuit of claim 2, wherein the RS trigger is
further configured to maintain a previous output signal when
the enable signal of the first level is applied to the second
terminal of the RS trigger, and signals of a second level are
respectively applied to the first terminal and the third termi-
nal.

4. The pixel circuit of claim 2, wherein the RS trigger is
further configured to output a signal of low-level when the
enable signal ofthe firstlevel is applied to the second terminal
of the RS trigger, and a signal of a second level is applied to
the first terminal and a signal of the first level is applied to the
third terminal.

5. The pixel circuit of claim 2, wherein the RS trigger is
further configured to output a signal of a high level when the
enable signal ofthe firstlevel is applied to the second terminal
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of the RS trigger, and a signal of the first level is applied to the
first terminal and a signal of a second level is applied to the
third terminal.

6. The pixel circuit of claim 2, wherein the RS trigger
further comprises:

a first logic circuit comprising a first input terminal, a

second input terminal, and a first output terminal; and
a second logic circuit comprising a third input terminal, a
fourth input terminal, and a second output terminal,

wherein an output signal of the second output terminal is
inputted into the second input terminal, and an output
signal ofthe first output terminal is inputted into the third
input terminal.

7. The pixel circuit of claim 6, wherein the RS trigger
further comprises:

a third logic circuit comprising a fifth input terminal, a

sixth input terminal, and a third output terminal; and
a fourth logic circuit comprising a seventh input terminal,
an eighth input terminal, and a fourth output terminal,

wherein signals of the same level are inputted into the sixth
input terminal and the seventh input terminal, the third
output terminal is connected to the first input terminal,
and the fourth output terminal is connected to the fourth
input terminal.

8. The pixel circuit of claim 7, wherein the third logic
circuit and the fourth logic circuit each comprise an AND
gate.

9. The pixel circuit of claim 6, wherein the first logic circuit
and the second logic circuit each comprise a NOR gate.

10. A display device comprising;

ascan driver configured to generate a scan signal and apply

the scan signal to at least one scan line;

a data driver configured to generate a data signal and apply

the data signal to at least one data line;

an enable driver configured to generate an enable signal

and apply the enable signal to at least one enable line;

a controller configured to control the scan driver, the data

driver, and the enable driver; and

at least one pixel circuit comprising:

an organic light emitting diode (OLED);

an RS trigger comprising a first terminal connected to a
scan line, a second terminal connected to an enable
line, and a third terminal connected to a data line, the
RS trigger configured to generate an output signal
according to an enable signal, a data signal, and a scan
signal respectively received via the enable line, the
data line, and the scan line; and

a driving transistor comprising a first electrode con-
nected to a first power source, a second electrode
connected to an anode of the OLED, and a gate elec-
trode connected to an output terminal of the RS trig-
ger, the driver transistor configured to control a cur-
rent flowing through the OLED in response to the
output signal of the RS trigger,

wherein the at least one pixel circuit is disposed between

the atleast one scan line, the at least one data line, and the
at least one enable line.

11. The display device of claim 10, wherein the RS trigger
is further configured to output the output signal according to
signals respectively applied to the first terminal and the third
terminal, when the enable signal of a first level is applied to
the second terminal of the RS trigger.

12. The display device of claim 10, wherein the RS trigger
is further configured to maintain a previous output signal
when the enable signal of a first level is applied to the second
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terminal of the RS trigger, and signals of a second level are
respectively applied to the first terminal and the third termi-
nal.

13. The display device of claim 10, wherein the RS trigger
is further configured to output a signal of low-level when the
enable signal of a first level is applied to the second terminal
of the RS trigger, and a signal of a second level is applied to
the first terminal and a signal of the first level is applied to the
third terminal.

14. The display device of claim 10, wherein the RS trigger
is further configured to output a signal of'a high level when the
enable signal of a first level is applied to the second terminal
of the RS trigger, and a signal of the first level is applied to the
first terminal and a signal of a second level is applied to the
third terminal.

15. The display device of claim 10, wherein the RS trigger
further comprises:

a first logic circuit comprising a first input terminal, a

second input terminal, and a first output terminal; and

a second logic circuit comprising a third input terminal, a

fourth input terminal, and a second output terminal,

5

10

wherein an output signal of the second output terminal is
inputted into the second input terminal, and an output
signal ofthe first output terminal is inputted into the third
input terminal.

16. The display device of claim 15, wherein the RS trigger
further comprises:

a third logic circuit comprising a fifth input terminal, a

sixth input terminal, and a third output terminal; and
a fourth logic circuit comprising a seventh input terminal,
an eighth input terminal, and a fourth output terminal,

wherein signals of the same level are inputted into the sixth
input terminal and the seventh input terminal, the third
output terminal is connected to the first input terminal,
and the fourth output terminal is connected to the fourth
input terminal.

17. The display device of claim 16, wherein the third logic
circuit and the fourth logic circuit each comprise an AND
gate.

18. The display device of claim 15, wherein the first logic
circuit and the second logic circuit each comprise a NOR
gate.
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