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(37 ABSTRACT

A pixel circuit includes a first transistor transmitting a refer-
ence signal or a data signal in response to a selection signal
applied through a scan line, second and third transistors input-
ting a reference current in response to a control signal applied
through a control line, a first capacitor storing a voltage com-
pensated by the input reference current to compensate for the
data signal received from the first transistor, a second capaci-
tor storing the compensated data signal by the first capacitor,
a fourth transistor receiving the compensated data signal to
generate a driving current, a fifth transistor transmitting the
driving current in response to the control signal applied
through the control line, and an organic light emitting diode
receiving the driving current from the fifth transistor to emit

light.
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PIXEL CIRCUIT OF ORGANIC LIGHT
EMITTING DISPLAY

[0001] This application claims the benefit of Korea Patent
Application No. 10-2006-058326, filed on Jun. 27, 2006,
which is incorporated herein by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This document relates to a pixel circuit of an organic
light emitting display.

[0004] 2. Discussion of the Related Art

[0005] The importance of flat panel displays has recently
increased with the growth of multimedia. Various types of flat
panel displays such as liquid crystal displays (LCDs), plasma
display panels (PDPs), field emission displays (FEDs),
organic light emitting displays have been put to practical use.
[0006] The organic light emitting display has rapid
response time, low power consumption, and self-emission
structure. Furthermore, the organic light emitting display has
a wide viewing angle, so that it can excellently display a
moving picture regardless of the size of the screen or the
position of a viewer. Because the organic light emitting dis-
play may be manufactured in low temperature environment
using a semiconductor fabrication process, the organic light
emitting display has a simple manufacturing process. Hence,
the organic light emitting display is attractive as a next gen-
eration display.

[0007] Generally, the organic light emitting display has
NxM organic light emitting diodes arranged in a matrix for-
mat and may be voltage driven or current driven, thereby
displaying a predetermined image. The driving methods of
the organic light emitting display include a passive matrix
type and an active matrix type using a thin film transistor. In
the passive matrix type, an anode electrode is at right angles
to a cathode electrode. The anode electrode is selected by a
scan signal and the cathode electrode receives a data signal, so
that an organic light emitting diode (OLED) emits light in
response to the data signal applied between the cathode elec-
trode and the anode electrode. In the active matrix type, the
thin film transistor is connected to a pixel electrode and a gate
electrode of the thin film transistor is connected to a capacitor,
so that the OLED emits light depending on a voltage stored in
the capacitor.

[0008] FIG. 1 is a block diagram of a related art organic
light emitting display.

[0009] Referring to FIG. 1, the organic light emitting dis-
play has a display panel 110, a scan driver 120, a data driver
130, a controller 140, and a power supply 150.

[0010] The display panel 110 includes data lines D1-Dm,
scan lines S1-Sn, and pixel circuits P11-Pnm. The data lines
D1-Dm are arranged in a first direction, and cross the scan
lines S1-Sn arranged in a second direction. The pixel circuits
P11-Pnm are disposed at pixel areas defined by the data lines
D1-Dm and the scan lines S1-Sn.

[0011] The controller 140 outputs control signals to the
scan driver 120, the data driver and the power supply 150. The
power supply 150 outputs necessary voltages to the scan
driver 120, the data driver and the display panel 110 in
response to the control signals received from the controller
140.
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[0012] The scandriver 120 outputs scan signals to the scan
lines S1-Sn connected to the scan driver 120 in response to the
control signal of the controller 140. Hence, the pixel circuits
P11-Pnm of the display panel 110 are selected by the scan
signals.

[0013] The data driver 130 outputs data signals synchro-
nized with the scan signals to the data lines D1-Dm connected
to the data driver 130 in response to the control signal of the
controller 140. Then, the data driver 130 applies the data
signals to the corresponding pixel circuits P11-Pnm through
the data lines D1-Dm. Hence, the pixel circuits P11-Pnm emit
light in response to the data signal to display a predetermined
image on the display panel 110.

[0014] FIG. 2 is a circuit diagram of a pixel circuit of a
related art organic light emitting display.

[0015] Referring to FIG. 2, the pixel circuit includes a
switching transistor MS, a capacitor Cgs, a driving transistor
MD, and an organic light emitting diode (OLED). The
switching transistor MS transmits a data signal from a data
line Dm in response to a scan signal of a scan line Sn. The data
signal received through the switching transistor MS is stored
in the capacitor Cgs. The data signal stored in the capacitor
Cgs is used to generate a driving current for the driving
transistor MD. Hence, the OLED emits light depending on
the driving current.

[0016] A driving current [, -, flowing into the OLED is
expressed by the following equation 1.

1 w uation 1
lowzp = 5 K(Vgs - VIhF, K = pCox— (Eq I

[0017] Where p denotes field-effect mobility, Cox capaci-
tance of an insulating layer, W a channel width, and [ a
channel length.

[0018] The current flowing into the OLED of the pixel
circuit may be determined by a gate voltage and a threshold
voltage Vth of the driving transistor MD and a voltage of a
first power supply VDD. To ensure uniformity between lumi-
nances of pixels, uniformity of characteristics of thin film
transistors, particularly, uniformity of the threshold voltages
and mobility of thin film transistors should be achieved.
[0019] However, because a voltage drop occurs in a first
power supply line VDD for supplying power supply to each
pixel circuit, a voltage of the first power supply line VDD
supplied to each pixel circuit varies according to alocation of
each pixel circuit. Because there are changes in a current
flowing into the OLED of each pixel circuit, non-uniformity
between luminances of pixels occurs.

[0020] Further, a thin film transistor used in the organic
light emitting display uses poly-silicon. Grain size of the
poly-silicon may not be uniform. Hence, uniformity of char-
acteristics of thin film transistors, particularly, uniformity of
the threshold voltages and mobility of thin film transistors
should be achieved in order to have a uniform display.

SUMMARY OF THE INVENTION

[0021] In one aspect, a pixel circuit of an organic light
emitting display comprises first to fifth transistors, first and
second capacitors, and an organic light emitting diode. The
first transistor transmits a reference signal or a data signal in
response to a selection signal applied through a scan line. The
second and third transistors input a reference current in
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response to a control signal applied through a control line.
The first capacitor stores a voltage compensated by the input
reference current to compensate for the data signal received
from the first transistor. The second capacitor receives stores
the data signal compensated by the first capacitor to store the
compensated data signal. The fourth transistor receives the
compensated data signal stored in the second capacitor to
generate a driving current. The fifth transistor transmits the
driving current generated in the fourth transistor in response
to the control signal applied through the control line. The
organic light emitting diode receives the driving current from
the fifth transistor to emit light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0023] FIG. 1 is a block diagram of a related art organic
light emitting display;

[0024] FIG. 2 is a circuit diagram of a pixel circuit of a
related art organic light emitting display;

[0025] FIG. 3 is a circuit diagram of a pixel circuit of an
organic light emitting display according to an embodiment;
[0026] FIG.4isatiming diagram of an operation of a pixel
circuit of an organic light emitting display according to an
embodiment;

[0027] FIG.5isacircuit diagram of a compensation step of
a pixel circuit of an organic light emitting display according
to an embodiment;

[0028] FIG. 6isa circuit diagram of a data inputting step of
a pixel circuit of an organic light emitting display according
to an embodiment; and

[0029] FIG.7isacircuit diagram of a light-emitting step of
a pixel circuit of an organic light emitting display according
to an embodiment.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0030] Reference will now be made in detail to exemplary
embodiments of the present invention, which are illustrated in
the accompanying drawings.

[0031] FIG. 3 is a circuit diagram of a pixel circuit of an
organic light emitting display according to an embodiment.
[0032] Referring to FIG. 3, the pixel circuit of the organic
light emitting display according to an embodiment includes
first to fifth transistors T1, T2, T3, T4 and T5, first and second
capacitors C1 and C2, and an organic light emitting diode
OLED.

[0033] A gate electrode of the first transistor T1 is con-
nected to ascan line Sn, and an electrode of the first transistor
T1 is connected to a data line Dm. Hence, the first transistor
T1 applies signals from the data line Dm to a first electrode of
the first capacitor C1 connected to the other electrode of the
first transistor T1 in response to a selection signal of the scan
line Sn.

[0034] A second electrode of the first capacitor Cl1 is con-
nected to a first electrode of the second capacitor C2 and a
gate electrode of the fourth transistor T4. A second electrode
of the second capacitor C2 is connected to a first power supply
line VDD. Hence, the fourth transistor T4 receives a com-
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bined voltage of the first and second capacitors C1 and C2
produced by combining voltages stored in the first and second
capacitors C1 and C2 at a predetermined ratio. Furthermore,
the fourth transistor T4 is turned on, and generates a driving
current corresponding to the combined voltage.

[0035] Gate electrodes of the second, third and fifth tran-
sistors T2, T3 and T5 are connected to a control line AZ such
that the second, third and fifth transistors T2, T3 and T5 are
turned on inresponse to a control signal of the controlline AZ.

[0036] The second and third transistors T2 and T3 are
turned on in response to a low level control signal of the
control line AZ to input a reference current 1, -to the fourth
transistor T4. Hence, the first and second capacitors C1 and
C2 store a compensating voltage reflecting a threshold volt-
age and mobility of the fourth transistor T4.

[0037] The fifth transistor T5 is turned on in response to a
high level control signal of the control line AZ to transmit the
driving current generated in the fourth transistor T4 to the
organic light emitting diode OLED.

[0038] The organic light emitting diode OLED includes an
anode electrode, a cathode electrode, and a light emitting
layer interposed between the anode electrode and the cathode
electrode. The anode electrode is connected to the other elec-
trode of the fifth transistor T5, and a voltage VSS of a second
power supply is applied to the cathode electrode. Accord-
ingly, the organic light emitting diode OLED emits light
corresponding to the driving current by the driving current
transmitted to the anode electrode and the voltage VSS of the
second power supply applied to the cathode electrode.

[0039] FIG. 4isa timing diagram of an operation of a pixel
circuit of an organic light emitting display according to an
embodiment. FIGS. 5 to 7 are circuit diagrams of operations
in a compensation step, a data inputting step, and a light-
emitting step of a pixel circuit of an organic light emitting
display according to an embodiment, respectively.

[0040] Referring to FIGS. 4 and 5, when a low level signal
is applied through the scan line Sn and the control line AZ in
a compensation step I, the first transistor T1 transmits a ref-
erence signal V,.to the first capacitor C1 from the data line
Dm and the second and third transistors T2 and T3 input the
reference current I, to the fourth transistor T4 functioning as
a driving transistor.

[0041] The first and second capacitors C1 and C2 store a
compensating voltage reflecting a threshold voltage Vth,,
and a mobility K, of the fourth transistor T4. A voltage V, of
anode A is expressed by the following Equation 2.

[Equation 2]

1
Ing = 5Ka(Vy =~ VDD~ Vihzy)?

2o
Va=-— + VDD + Vihyy
Ky

[0042] Next, referring to FIGS. 4 and 6, when a low level
signal is applied through the scan line Sn in a data inputting
step 11, the first transistor TT transmits a data signal V,,,,, to
the first capacitor C1. A voltage V ;' of the node A is expressed
by the following Equation 3.
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Vv v Von [Equation 3]
= — Vo —
4= Va+ Vpaa = Vier) [AETA

[0043] Where C1 and C2 denote capacitances of the first
and second capacitors C1 and C2, respectively.

[0044] Referring to FIGS. 4 and 7, the fifth transistor T5 is
turned on in response to a high level signal applied through
the control line AZ in a light-emitting step III. Due to the
turn-on fifth transistor T5, the fourth transistor T4 generates
the driving current by the voltage V' stored in the node A and
transmits the driving current to the organic light emitting
diode OLED. Furthermore, the organic light emitting diode
OLED emits light corresponding to the transmitted driving
current.

[0045] A current flowing into the organic light emitting
diode OLED is expressed by the following Equation 4.

fol} 2 [Equation 4]
lorep = 5 Ka|Va + Vpag = Vg ) 5=——=- = VDD = Vihpy
Ci+Cy

(S B

[0046] The following equation 5 is obtained by substituting
the above Equation 2(2) for the above Equation 4.

) .
m , c [Equation 5]

1
Vi) /=

\j K 4 (‘/Dara Cl I Cz
loLgp = §K4 i + 3
[0047] As can be shown from the above Equation 5, the

threshold voltage Vth,, of the fourth transistor T4 is removed,
and the current I, ., flowing into the organic light emitting
diode OLED may be proportional to the data signal V,,,, and
the reference signal V,_. A part (a) of the above Equation 5
shows characteristics of a current driving method regardless
of a channel width to channel length ratio and the mobility K,
of the fourth transistor T4 by canceling K, of the fourth
transistor T4. A part (b) of the above Equation 5 shows char-
acteristics of a voltage driving method compensating for only
the threshold voltage. Accordingly, the organic light emitting
display according to an embodiment may provide the pixel
circuit reflecting merits of each driving method by properly
controlling the reference current I ~and capacitances of the
first and second capacitors C1 and C2.

[0048] Furthermore, as can be shown from the above Equa-
tion 5, the current I ,; -, lowing into the organic light emit-
ting diode OLED may be proportional to the data signal V, ,,,,
and the reference signal V, by removing the voltage VDD of
the first power supply. Hence, the pixel circuit of the organic
light emitting display according to an embodiment can solve
non-uniformity between luminances of pixels depending on a
voltage drop in the voltage VDD of the first power supply.
[0049] Accordingly, the pixel circuit of the organic light
emitting display according to an embodiment can solve non-
uniformity between luminances of pixels depending on char-
acteristics and a voltage drop of the driving transistor.
[0050] As described above, in the pixel circuit of the
organic light emitting display according to an embodiment,
the reference current is input before inputting the data signal
such that the first and second capacitors store the voltage
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reflecting characteristics of the fourth transistor being the
driving transistor. Accordingly, the pixel circuit of the organic
light emitting display according to an embodiment can pre-
vent non-uniformity between luminances of pixels depending
on the characteristics of the driving transistor.

[0051] The pixel circuit of the organic light emitting dis-
play according to an embodiment secures uniformity between
luminances of pixels to improve the image quality.

[0052] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A pixel circuit of an organic light emitting display com-
prising:

a first transistor that transmits a reference signal or a data
signal inresponse to a selection signal applied through a
scan line;

second and third transistors that input a reference current in
response to a control signal applied through a control
line;

a first capacitor that stores a voltage compensated by the
input reference current to compensate for the data signal
received from the first transistor;

a second capacitor that receives the data signal compen-
sated by the first capacitor to store the compensated data
signal,

a fourth transistor that receives the compensated data sig-
nal stored in the second capacitor to generate a driving
current;

afifth transistor that transmits the driving current generated
in the fourth transistor in response to the control signal
applied through the control line; and

an organic light emitting diode that receives the driving
current from the fifth transistor to emit light.

2. The pixel circuit of claim 1, wherein the second and third
transistors are turned on in response to a first level control
signal of the control line, and the fifth transistor is turned on
in response to a second level control signal of the control line.

3. The pixel circuit of claim 1, wherein when a first level
selection signal and the control signal are applied through the
scan line and the control line respectively, the reference signal
is applied to the first capacitor from a data line and the refer-
ence current is input to the fourth transistor.

4. The pixel circuit of claim 3, wherein when the reference
current is input to the fourth transistor, the first and second
capacitors store a compensating voltage that reflects charac-
teristics of the fourth transistor.

5. The pixel circuit of claim 4, wherein when a second level
control signal is applied through the control line, the data
signal is applied to the first capacitor from the data line and
the first capacitor applies the compensated data signal to the
second capacitor.

6. The pixel circuit of claim 5, wherein the fourth transistor
generates the driving current due to the compensated data
signal, and the fifth transistor transmits the driving current to
the organic light emitting diode due to the second level con-
trol signal of the control line.

7. The pixel circuit of claim 1, wherein the first to fourth
transistors are a p-channel metal-oxide semiconductor
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(PMOS) transistor, and the fifth transistor is an n-channel
metal-oxide semiconductor (NMOS) transistor.

8. An organic light emitting display comprising:

a pixel circuit, the pixel circuit comprising:

a first transistor that transmits a reference signal ora data
signal in response to a selection signal applied
through a scan line;

second and third transistors that input a reference current
in response to a control signal applied through a con-
trol line;

a first capacitor that stores a voltage compensated by the
input reference current to compensate for the data
signal received from the first transistor;

a second capacitor that receives the data signal compen-
sated by the first capacitor to store the compensated
data signal;

a fourth transistor that receives the compensated data
signal stored in the second capacitor to generate a
driving current;

a fifth transistor that transmits the driving current gen-
erated in the fourth transistor in response to the con-
trol signal applied through the control line; and

an organic light emitting diode that receives the driving
current from the fifth transistor to emit light.

9. The organic light emitting display of claim 8, wherein
the second and third transistors are turned on in response to a
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first level control signal of the control line, and the fifth
transistor is turned on in response to a second level control
signal of the control line.

10. The organic light emitting display of claim 8, wherein
when a first level selection signal and the control signal are
applied through the scan line and the control line respectively,
the reference signal is applied to the first capacitor from a data
line and the reference current is input to the fourth transistor.

11. The organic light emitting display of claim 10, wherein
when the reference current is input to the fourth transistor, the
first and second capacitors store a compensating voltage that
reflects characteristics of the fourth transistor.

12. The organic light emitting display of claim 11, wherein
when a second level control signal is applied through the
control line, the data signal is applied to the first capacitor
from the data line and the first capacitor applies the compen-
sated data signal to the second capacitor.

13. The organic light emitting display of claim 12, wherein
the fourth transistor generates the driving current due to the
compensated data signal, and the fifth transistor transmits the
driving current to the organic light emitting diode due to the
second level control signal of the control line.

14. The organic light emitting display of claim 8, wherein
the first to fourth transistors are a p-channel metal-oxide
semiconductor (PMOS) transistor, and the fifth transistor is
an n-channel metal-oxide semiconductor (NMOS) transistor.
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