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ORGANIC LIGHT EMITTING DIODE
DISPLAY APPARATUS WITH POWER
CIRCUIT TO ACCELERATE A VOLTAGE
LEVEL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional application of U.S.
application Ser. No. 13/706,362, filed on Dec. 6, 2012, now
allowed. The prior U.S. application Ser. No. 13/706,362
claims the priority benefits of Taiwan application serial no.
101134846, filed on Sep. 21, 2012. The entirety of each of the
above-mentioned patent applications is hereby incorporated
by reference herein and made a part of this specification.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to a display apparatus. More
particularly, the invention relates to an organic light emitting
diode (OLED) display apparatus.

[0004] 2. Description of Related Art

[0005] With the advance of science and technology, flat
panel displays have drawn most attention in the field of dis-
plays recently. Among the flat panel displays, organic light
emitting diode (OLED) displays characterized by self-lumi-
nescence, wide view angle, low power consumption, simple
manufacturing process, low costs, low operational tempera-
ture range, high responsive speed, and full color have a great
potential of becoming the next-generation mainstream flat
panel displays.

[0006] To manage the brightness of the OLED, the OLED
is often serially connected to a transistor. Through controlling
the conducting state of the transistor, the current flowing
through the OLED may be controlled, and thereby the bright-
ness of the OLED may be further managed. Generally, during
a period of programming a pixel, it is intended to equalize the
voltage between a gate and a source of the transistor coupled
to the OLED with a threshold voltage, so as to subsequently
perform code compensation. Hence, how to equalize the volt-
age between the gate and the source of the transistor coupled
to the OLED with the threshold voltage through circuitry
design or through adjustment of driving ways has become one
of the important topics in terms of driving the OLED.

SUMMARY OF THE INVENTION

[0007] Theinventionis directed to an organic light emitting
diode (OLED) display apparatus with favorable display qual-
ity.

[0008] In an embodiment of the invention, an OLED dis-

play apparatus that includes a power circuit and a pixel is
provided. The power circuit serves to provide a first voltage.
The pixel includes a first transistor, a second transistor, a third
transistor, a fourth transistor, a fifth transistor, a capacitor, and
an OLED. A first terminal of the first transistor receives a data
voltage, and a control terminal of the first transistor receives
a scan signal. A first terminal of the capacitor is coupled to a
second terminal of the first transistor. A first terminal of the
second transistor receives the first voltage, and a control
terminal of the second transistor is coupled to a second ter-
minal of the capacitor. A first terminal of the third transistor is
coupled to the control terminal of the second transistor, a
control terminal of the third transistor receives the scan sig-
nal, and a second terminal of the third transistor is coupled to
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a second terminal of the second transistor. A first terminal of
the fourth transistor is coupled to the second terminal of the
second transistor, and a control terminal of the fourth transis-
tor receives a light emitting signal. The OLED, the second
transistor, and the fourth transistor are serially coupled
between the first voltage and a second voltage. A first terminal
of the fifth transistor receives an initial voltage, a control
terminal of the fifth transistor receives the light emitting sig-
nal, and a second terminal of the fifth transistor is coupled to
the first terminal of the capacitor. During a programming
period, the scan signal is enabled, and the light emitting signal
is disabled. Besides, the power circuit regulates a voltage
level or a current of the first voltage to accelerate a voltage
level of the control terminal of the second transistor to reach
a target voltage.

[0009] According to an embodiment of the invention, a
regulating period of the first voltage is shorter than the pro-
gramming period.

[0010] According to anembodiment of the invention, when
the first, second, third, fourth, and fifth transistors are p-type
transistors, the first voltage is a system high voltage, and the
second voltage is a ground voltage.

[0011] According to an embodiment of the invention, the
target voltage is obtained by subtracting a threshold voltage
of the second transistor from the system high voltage.
[0012] According to an embodiment of the invention, the
power circuit includes a first power supply unit and a first
multiplexer. The first power supply unit serves to provide a
first reference voltage and a second reference voltage, and the
second reference voltage is higher than the first reference
voltage. The first multiplexer is coupled to the first power
supply unit to receive the first reference voltage and the sec-
ond reference voltage and receive a regulating signal. When
the regulating signal is enabled, the first multiplexer outputs
the second reference voltage as the system high voltage
according to the enabled regulating signal; when the regulat-
ing signal is disabled, the first multiplexer outputs the first
reference voltage as the system high voltage according to the
disabled regulating signal.

[0013] According to an embodiment of the invention, the
regulating signal is enabled during a regulating period of the
system high voltage.

[0014] According to an embodiment of the invention, the
first multiplexer includes a sixth transistor and a seventh
transistor. A first terminal of the sixth transistor receives the
first reference voltage, a control terminal of the sixth transis-
tor receives the regulating signal, and a second terminal ofthe
sixth transistor is coupled to the first terminal of the second
transistor. A first terminal of the seventh transistor receives
the second reference voltage, a control terminal of the seventh
transistor receives the regulating signal, and a second termi-
nal of the seventh transistor is coupled to the first terminal of
the second transistor. Here, the sixth transistor and the sev-
enth transistor are a p-type transistor and an n-type transistor,
respectively.

[0015] According to anembodiment of the invention, when
the first, second, third, fourth, and fifth transistors are n-type
transistors, the first voltage is a system low voltage, and the
second voltage is a system high voltage.

[0016] According to an embodiment of the invention, the
target voltage is obtained by adding a threshold voltage of the
second transistor and the system low voltage together.
[0017] According to an embodiment of the invention, the
power circuit includes a second power supply unit and a
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second multiplexer. The second power supply unit serves to
provide a third reference voltage and a fourth reference volt-
age, and the fourth reference voltage is lower than the third
reference voltage. The second multiplexer is coupled to the
second power supply unit to receive the third reference volt-
age and the fourth reference voltage and receive a regulating
signal. When the regulating signal is enabled, the second
multiplexer outputs the fourth reference voltage as the system
low voltage according to the enabled regulating signal; when
the regulating signal is disabled, the second multiplexer out-
puts the third reference voltage as the system low voltage
according to the disabled regulating signal.

[0018] According to an embodiment of the invention, the
regulating signal is enabled during a regulating period of the
system low voltage.

[0019] According to an embodiment of the invention, the
second multiplexer includes an eighth transistor and a ninth
transistor. A first terminal of the eighth transistor receives the
third reference voltage, a control terminal of the eighth tran-
sistor receives the regulating signal, and a second terminal of
the eighth transistor is coupled to the first terminal of the
second transistor. A first terminal of the ninth transistor
receives the fourth reference voltage, a control terminal of the
ninth transistor receives the regulating signal, and a second
terminal of the ninth transistor is coupled to the first terminal
of the second transistor. Here, the eighth transistor and the
ninth transistor are a p-type transistor and an n-type transistor,
respectively.

[0020] According to an embodiment of the invention, the
power circuit includes a third power supply unit and a third
multiplexer. The third power supply unit serves to provide the
first voltage and a reference current, and the reference current
is a fixed current. The third multiplexer is coupled to the third
power supply unit to receive the first voltage and the reference
current and receive a regulating signal. When the regulating
signal is enabled, the third multiplexer outputs the reference
current to the first terminal of the second transistor according
to the enabled regulating signal; when the regulating signal is
disabled, the third multiplexer outputs the first voltage to the
first terminal of the second transistor according to the dis-
abled regulating signal.

[0021] According to an embodiment of the invention, the
regulating signal is enabled during a regulating period of the
first voltage.

[0022] According to an embodiment of the invention, the
third multiplexer includes a tenth transistor and an eleventh
transistor. A first terminal of the tenth transistor receives the
first voltage, a control terminal of the tenth transistor receives
the regulating signal, and a second terminal of the tenth tran-
sistor is coupled to the first terminal of the second transistor.
A first terminal of the eleventh transistor receives the refer-
ence current, a control terminal of the eleventh transistor
receives the regulating signal, and a second terminal of the
eleventh transistor is coupled to the first terminal of the sec-
ond transistor. Here, the tenth transistor and the eleventh
transistor are a p-type transistor and an n-type transistor,
respectively.

[0023] According to an embodiment of the invention, the
scan signal is disabled and the light emitting signal is enabled
during a light emitting period.

[0024] According to an embodiment of the invention, the
OLED display apparatus further includes a data driver for
providing the data voltage.
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[0025] According to an embodiment of the invention, the
OLED display apparatus further includes a scan driver for
providing the scan signal and the light emitting signal.

[0026] As described above, in the OLED display apparatus
described in an embodiment of the invention, the voltage level
or the current of the first voltage is regulated during the
programming period, so as to accelerate the voltage level of
the control terminal of the second transistor to reach the target
voltage. Thereby, the sampling error rate of each pixel may be
reduced, and the display quality of the OLED display appa-
ratus may accordingly be improved. Here, the sampling error
rate refers to a difference between an actual voltage level and
a projected voltage level of the gate of the second transistor
during the light emitting period.

[0027] Several exemplary embodiments accompanied with
figures are described in detail below to further describe the
invention in details.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate exemplary embodiments of the invention
and, together with the description, serve to explain the prin-
ciples of the invention.

[0029] FIG. 1 is a systematic diagram schematically illus-
trating an organic light emitting diode (OLED) display appa-
ratus according to a first embodiment of the invention.
[0030] FIG.2A is a schematic diagram illustrating a driving
waveform of the OLED display apparatus depicted in FIG. 1
according to the first embodiment of the invention.

[0031] FIG. 2B is a schematic equivalent circuit diagram
illustrating the pixel in the OLED display apparatus depicted
in FIG. 2A during a programming period.

[0032] FIG. 2C is a schematic diagram illustrating contrast
curves of gate voltages of a transistor when the system high
voltage depicted in FIG. 2B is raised and is not raised.
[0033] FIG. 3 is a schematic diagram illustrating the power
circuit in the OLED display apparatus depicted in FIG. 1
according to the first embodiment of the invention.

[0034] FIG. 41is a schematic circuit diagram illustrating the
pixel in the OLED display apparatus depicted in FIG. 1
according to a second embodiment of the invention.

[0035] FIG. 5A is asystematic diagram schematically illus-
trating an OLED display apparatus according to a third
embodiment of the invention.

[0036] FIG. 5B is a schematic diagram illustrating a driving
waveform of the OLED display apparatus depicted in FIG.
5A according to the third embodiment of the invention.
[0037] FIG. 6is a schematic diagram illustrating the power
circuit in the OLED display apparatus depicted in FIG. SA
according to the third embodiment of the invention.

[0038] FIG. 71is a schematic circuit diagram illustrating the
pixel in the OLED display apparatus depicted in FIG. 5A
according to a fourth embodiment of the invention.

[0039] FIG. 8is a schematic diagram illustrating the power
circuit in the OLED display apparatus depicted in FIG. 1
according to the first embodiment of the invention.

[0040] FIG. 9is a schematic circuit diagram illustrating the
pixel in the OLED display apparatus depicted in FIG. 1
according to a fifth embodiment of the invention.
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DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS

[0041] FIG. 1is a systematic diagram schematically illus-
trating an organic light emitting diode (OLED) display appa-
ratus according to a first embodiment of the invention. With
reference to FIG. 1, in the present embodiment, the OLED
display apparatus 100 includes a timing controller 110, a scan
driver 120, a data driver 130, a power circuit 140, and a
display panel 150. The scan driver 120 is coupled to the
timing controller 110 and the display panel 150. Besides, the
scan driver 120 is controlled by the timing controller 110 to
provide a plurality of scan signals SC1 and a plurality of light
emitting signals SEM1 to the display panel 150. The data
driver 130 is coupled to the timing controller 110 and the
display panel 150. Besides, the data driver 130 is controlled
by the timing controller 110 to provide a plurality of data
voltages VDT to the display panel 150.

[0042] Thepower circuit 1401is coupled to the display panel
150 and provides a system high voltage VDD1 (correspond-
ing to the first voltage) and a ground voltage GND (corre-
sponding to the second voltage) to the display panel 150. The
display panel 150 has a plurality of pixels PX1, and each pixel
PX1 receives the system high voltage VDDI, the ground
voltage GND, a corresponding data voltage VDT, a corre-
sponding scan signal SC1, and a corresponding light emitting
signal SEM1.

[0043] Each pixel PX1 includes a plurality of transistors T1
to T5 (respectively corresponding to the first transistor to the
fifth transistor), a capacitor C1, and an OLED OLD1. Here,
the transistors T1 to T5 are all p-type transistors. The source
(corresponding to the first terminal) of the transistor T1
receives the corresponding data voltage VDT1, and the gate
(corresponding to the control terminal) of the transistor T1
receives the corresponding scan signal SC1. A first terminal
of the capacitor C1 is coupled to the drain (corresponding to
the second terminal) of the transistor T1. The source (corre-
sponding to the first terminal) of the transistor T2 receives the
system high voltage VDDI1, and the gate (corresponding to
the control terminal) of the transistor T2 is coupled to a
second terminal of the capacitor C1. The source (correspond-
ing to the first terminal) of the transistor T3 is coupled to the
gate of the transistor T2, the gate (corresponding to the con-
trol terminal) of the transistor T3 receives the corresponding
scan signal SC1, and the drain (corresponding to the second
terminal) of the transistor T3 is coupled to the drain (corre-
sponding to the second terminal) of the transistor T2. The
source (corresponding to the first terminal) of the transistor
T4 is coupled to the drain of the transistor T2, and the gate
(corresponding to the control terminal) of the transistor T4
receives the corresponding light emitting signal SEM1. The
anode of the OLED OLD1 is coupled to the drain of the
transistor T4, and the cathode of the OLED OLD1 is coupled
to the ground voltage GND. The source (corresponding to the
first terminal) of the transistor TS receives an initial voltage
Vintl, the gate (corresponding to the control terminal) of the
transistor T5 receives the corresponding light emitting signal
SEM1, and the drain (corresponding to the second terminal)
of the transistor T5 is coupled to the first terminal of the
capacitor C1.

[0044] In the present embodiment, the OLED OLD1 is
forward-coupled between the drain of the transistor T4 and
the ground voltage GND; however, in another embodiment,
the OLED OLD 1 may be forward-coupled between the sys-
tem high voltage VDDI and the source of the transistor T2.
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That is, the OLED OLD1 and the transistors T2 and T4 are
serially coupled between the system high voltage VDD1 and
the ground voltage GND.

[0045] FIG.2A is a schematic diagram illustrating a driving
waveform of the OLED display apparatus depicted in FIG. 1
according to the first embodiment of the invention. FIG. 2B is
aschematic equivalent circuit diagram illustrating the pixel in
the OLED display apparatus depicted in FIG. 2A during a
programming period. Here, one single pixel PX1 is exemplar-
ily shown in FIG. 1, FIG. 2A, and FIG. 2B, and the voltage
level of each light emitting signal SEM1 is set to be opposite
to the voltage level of the corresponding scan signal SCI.
During the programming period PP1, the scan driver 120
enables the corresponding scan signal SC1 and disables the
corresponding light emitting signal SEM1, and the data driver
130 sets the voltage level of the corresponding data voltage
VDT1. Here, the voltage level for enabling the scan signal
SC1 is a low voltage level, and the voltage level for disabling
the light emitting signal SEM1 is a high voltage level, for
instance. At this time, the transistors T1 and T3 are controlled
by the corresponding scan signal SC1 and are then turned on,
while the transistors T4 and T5 are controlled by the corre-
sponding light emitting signal SEM1 and are then turned off.
The voltage level of the gate of the transistor T2 is lower than
the system high voltage VDDI, a voltage difference between
the voltage level of the gate of the transistor T2 and the system
high voltage VDD1 is greater than a threshold voltage of the
transistor T2, and thus the transistor T2 is turned on. Besides,
the voltage level of the gate of the transistor T2 is raised
because the current 1d1 transmitted by the turned-on transis-
tors T2 and T3 performs the charging function. Even though
the conducting state of the transistor T2 is changed, the volt-
age difference between the voltage level of the gate of the
transistor T2 and the system high voltage VDDI1 is greater
than or equal to the threshold voltage of the transistor T2.
[0046] During the light emitting period PE1, the scandriver
120 disables the corresponding scan signal SC1 and enables
the corresponding light emitting signal SEM1, and the data
driver 130 re-sets the voltage level of the corresponding data
voltage VDT1. Here, the voltage level for disabling the scan
signal SC1 is a high voltage level, and the voltage level for
enabling the light emitting signal SEM1 is a low voltage level,
for instance. At this time, the transistors T1 and T3 are con-
trolled by the corresponding scan signal SC1 and are then
turned off, while the transistors T4 and T5 are controlled by
the corresponding light emitting signal SEM1 and are then
turned on. The conducting state of the transistor T2 corre-
sponds to the voltage level of the gate of the transistor T2, and
the voltage level of the gate of the transistor T2 is determined
by the initial voltage Vint1 and the voltage across the capaci-
tor C1.

[0047] As shown in FIG. 2B, during the programming
period PP1, the current Ic flowing through the capacitor C1 is
equal to the current Id1 flowing through the transistor T2.
Besides, the current Id1 is subject to the voltage level of the
gate of the transistor T2, and the above-mentioned relations
may be represented by following formulae.

1410 = —le(r) = _cd(VG(’jh_ oo _ _cd‘:g(’)
, dvGl
K(VDD = VG(0) = Vl)? = -C =
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[0048] Here, Id1(t) denotes the transient current value of
the current Id1, Ic(t) denotes the transient current value of the
current Ic, VG(t) refers to the transient voltage level of the
gate of the transistor T2, C refers to the capacitance of the
capacitor C1, VDT refers to the voltage value of the data
voltage VDT1, k, refers to the coefficient of current of the
transistor T2, the voltage level VDD refers to the voltage
value of the system high voltage VDD1, Vth refers to the
threshold voltage of the transistor T2, 1, refers to the initial
current, and Cs refers to a constant.

[0049] Inview of the above, given t=co, the voltage level of
the gate of the transistor T2 is equal to VDD-IVthl (corre-
sponding to the target voltage obtained by subtracting the
threshold voltage Vth of the second transistor T2 from the
system high voltage VDD1). However, the higher the voltage
level of the gate of the transistor T2, the lower the hole
mobility and the electron mobility of the transistor T2. There-
fore, within a limited period of time, the voltage level of the
gate of the transistor T2 is unable to reach VDD-|Vthl.
[0050] According to the present embodiment, to accelerate
the voltage level of the gate of the transistor T2 to reach the
target voltage obtained by subtracting the threshold voltage
Vth of the second transistor T2 from the system high voltage
VDD1, the power circuit 140 may be controlled to raise the
voltage level of the system high voltage VDD1 during a
regulating period PA1. Here, the regulating period PA1 is set
as half the programming period PP1, which should not be
construed as a limitation to the invention. However, note that
the regulating period PA1 is shorter than the programming
period PP1.

[0051] FIG. 2C is a schematic diagram illustrating contrast
curves of gate voltages of a transistor when the system high
voltage depicted in FIG. 2B is raised and is not raised. With
reference to FIG. 2A and FIG. 2C, the curve 210 shows that
the system high voltage VDD is not raised, while the curve
220 shows that the system high voltage VDD is raised. In
addition, the programming period PP1 is 5 microseconds, for
instance. After the voltage level of the system high voltage
VDDI1 is raised, the voltage level of the gate of the transistor
T2 is raised towards to the voltage level obtained by subtract-
ing the threshold voltage Vth of the transistor T2 from the
raised voltage level of the system high voltage VDDI.
Thereby, the voltage level of the gate of the transistor T2 may
be accelerated to reach the target voltage obtained by sub-
tracting the threshold voltage Vth of the second transistor T2
from the system high voltage VDD, and the sampling error
rate of each pixel PX1 may be further lowered down. Here,
the sampling error rate refers to a difference between an
actual voltage level and a projected voltage level of the gate of
the transistor T2 during the light emitting period PE1.
[0052] FIG. 3 isa schematic diagram illustrating the power
circuit in the OLED display apparatus depicted in FIG. 1
according to the first embodiment of the invention. With
reference to FIG. 1and F1G. 3, in the present embodiment, the
power circuit 140« includes a first power supply unit 310 and
a first multiplexer 320. The first power supply unit 310 pro-
vides a first reference voltage VR1, a second reference volt-
age VR2, and the ground voltage GND, and the second ref-

VG(t) = VDD - |Vl -
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erence voltage VR2 is higher than the first reference voltage
VRI. The first multiplexer 320 is coupled to the first power
supply unit 310 to receive the first reference voltage VR1, the
second reference voltage VR2, and a regulating signal SA1.
When the regulating signal SA1 is enabled during the regu-
lating period (e.g., the period PA1 shown in FIG. 2A) of the
system high voltage VDD1, the first multiplexer 320 outputs
the second reference voltage VR2 as the system high voltage
VDD1 according to the enabled regulating signal SA1; by
contrast, when the regulating signal SA1 is disabled, the first
multiplexer 320 outputs the first reference voltage VR1 as the
system high voltage VDD1 according to the disabled regulat-
ing signal SA1. Here, the voltage level for enabling the regu-
lating signal SA1 is a high voltage level, and the voltage level
for disabling the regulating signal SA1 is a low voltage level,
for instance. The regulating signal SA1 may be generated by
acontrol circuit, e.g., the timing controller 110, which should
however not be construed as a limitation to the invention.
[0053] To be specific, in the present embodiment, the first
multiplexer 320 includes transistors T6 and T7 (correspond-
ing to the sixth transistor and the seventh transistor), the
transistor T6 is a p-type transistor, and the transistor T7 is an
n-type transistor. The source (corresponding to the first ter-
minal) of the transistor T6 receives the first reference voltage
VR1, the gate (corresponding to the control terminal) of the
transistor T6 receives the regulating signal SA1, and the drain
(corresponding to the second terminal) of the transistor T6 is
coupled to the source of the transistor T2. The drain (corre-
sponding to the first terminal) of the transistor T7 receives the
second reference voltage VR2, the gate (corresponding to the
control terminal) of the transistor T7 receives the regulating
signal SA1, and the source (corresponding to the second
terminal) of the transistor T7 is coupled to the source of the
transistor T2.

[0054] When the regulating signal SA1 is enabled, the tran-
sistor T6 is turned off, and the transistor T7 is turned on;
thereby, the second reference voltage VR2 may be output to
the source of the transistor T2 as the system high voltage
VDD1; when the regulating signal SA1 is disabled, the tran-
sistor T6 is turned on, and the transistor T7 is turned off;
thereby, the first reference voltage VR1 may be output to the
source of the transistor T2 as the system high voltage VDD1.
Here, the voltage level for enabling the regulating signal SA1
is a high voltage level, and the voltage level for disabling the
regulating signal SA1 is a low voltage level, for instance.
[0055] FIG. 4is a schematic circuit diagram illustrating the
pixel in the OLED display apparatus depicted in FIG. 1
according to a second embodiment of the invention With
reference to FIG. 1, FIG. 3, and FIG. 4, in the embodiment
shown in FIG. 3, the multiplexer 320 is located in the power
circuit 140a. In the present embodiment, the pixel PX2 is
similar to the pixel PX1, while the difference therebetween
lies in that the transistors T6 and T7 ofthe multiplexer 320 are
disposed in the pixel PX2. Namely, the power circuit 140 may
be merely equipped with the first power supply unit 310. The
coupling relations of components in the present embodiment
may be referred to as those described previously and thus will
not be further elaborated.

[0056] FIG. 5A isasystematic diagram schematically illus-
trating an OLED display apparatus according to a third
embodiment of the invention. With reference to FIG. 5A, in
the present embodiment, the OLED display apparatus 500
includes a timing controller 510, a scan driver 520, a data
driver 530, a power circuit 540, and a display panel 550. The
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scan driver 520 is coupled to the timing controller 510 and the
display panel 550. Besides, the scan driver 520 is controlled
by the timing controller 510 to provide a plurality of scan
signals SC2 and a plurality of light emitting signals SEM2 to
the display panel 550. The data driver 530 is coupled to the
timing controller 510 and the display panel 550. Besides, the
data driver 530 is controlled by the timing controller 510 to
provide a plurality of data voltages VDT?2 to the display panel
550.

[0057] Thepower circuit 540 is coupled to the display panel
550 and provides a system high voltage VDD?2 (correspond-
ing to the second voltage) and a system low voltage VSS
(corresponding to the first voltage) to the display panel 550.
The display panel 550 has a plurality of pixels PX3, and each
pixel PX3 receives the system high voltage VDD2, the system
low voltage VSS, a corresponding data voltage VDT2, a cor-
responding scan signal SC2, and a corresponding light emit-
ting signal SEM2.

[0058] Each pixel PX3 includes a plurality of transistors T8
to T12 (respectively corresponding to the first transistor to the
fifth transistor), a capacitor C2, and an OLED OLD2. Here,
the transistors T8 to T12 are all n-type transistors. The drain
(corresponding to the first terminal) of the transistor T8
receives the corresponding data voltage VDT2, and the gate
(corresponding to the control terminal) of the transistor T8
receives the corresponding scan signal SC2. A first terminal
of the capacitor C2 is coupled to the source (corresponding to
the second terminal) of the transistor T8. The gate (corre-
sponding to the control terminal) of the transistor T9 is
coupled to a second terminal of the capacitor C2. The source
(corresponding to the first terminal) of the transistor T10 is
coupled to the gate of the transistor T9, the gate (correspond-
ing to the control terminal) of the transistor T10 receives the
corresponding scan signal SC2, and the drain (corresponding
to the second terminal) of the transistor T10 is coupled to the
drain (corresponding to the second terminal) of the transistor
T9. The source (corresponding to the first terminal) of the
transistor T11 is coupled to the drain (corresponding to the
second terminal) of the transistor T9, the gate (corresponding
to the control terminal) of the transistor T11 receives the
corresponding light emitting signal SEM2, and the drain (cor-
responding to the second terminal) of the transistor T11
receives the system high voltage VDD2. The anode of the
OLED OLD2 is coupled to the source (corresponding to the
first terminal) of the transistor T9, and the cathode of the
OLED OLD2 is coupled to the system low voltage VSS. The
drain (corresponding to the first terminal) of the transistor
T12 receives an initial voltage Vint2, the gate (corresponding
to the control terminal) of the transistor T12 receives the
corresponding light emitting signal SEM2, and the source
(corresponding to the second terminal) of the transistor T12 is
coupled to the first terminal of the capacitor C2. Here, the
source of the transistor T9 receives the system low voltage
VSS through the OLED OLD2.

[0059] In the present embodiment, the OLED OLD2 is
forward-coupled between the source of the transistor T9 and
the system low voltage VSS; however, in another embodi-
ment, the OLED OLD2 may be forward-coupled between the
system high voltage VDD?2 and the drain of the transistor T11.
That is, the OLED OLD2 and the transistors T9 and T11 are
serially coupled between the system high voltage VDD2 and
the system low voltage VSS.

[0060] FIG.5B is aschematic diagram illustrating a driving
waveform of the OLED display apparatus depicted in FIG.
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5A according to the third embodiment of the invention. Here,
one single pixel PX3 is exemplarily shown in FIG. 5B, and the
voltage level of each light emitting signal SEM2 is set to be
opposite to the voltage level of the corresponding scan signal
SC2. During the programming period PP2, the scan driver
520 enables the corresponding scan signal SC2 and disables
the corresponding light emitting signal SEM2, and the data
driver 530 sets the voltage level of the corresponding data
voltage VDT2. Here, the voltage level for enabling the scan
signal SC2 is a high voltage level, and the voltage level for
disabling the light emitting signal SEM2 is a low voltage
level, for instance. At this time, the transistors T8 and T10 are
controlled by the corresponding scan signal SC2 and are then
turned on, while the transistors T11 and T12 are controlled by
the corresponding light emitting signal SEM2 and are then
turned off The voltage level of the gate of the transistor T9 is
higher than the system low voltage VSS, a voltage difference
between the voltage level of the gate of the transistor T9 and
the system low voltage VSS is greater than or equal to a
threshold voltage of the transistor T9, and thus the transistor
T9 is turned on. Besides, the voltage level of the gate of the
transistor T9 is lowered down because the turned-on transis-
tors T9 and T10 receive the system low voltage VSS and start
to discharge. Even though the conducting state of the transis-
tor T9 is changed, the voltage difference between the voltage
level of the gate of the transistor T9 and the system low
voltage VSS is greater than or equal to the threshold voltage
of the transistor T9.

[0061] During the light emitting period PE2, the scan driver
520 disables the corresponding scan signal SC2 and enables
the corresponding light emitting signal SEM2, and the data
driver 530 re-sets the voltage level of the corresponding data
voltage VDT2. Here, the voltage level for disabling the scan
signal SC2 is a low voltage level, and the voltage level for
enabling the light emitting signal SEM2 is a high voltage
level, for instance. At this time, the transistors T8 and T10 are
controlled by the corresponding scan signal SC2 and are then
turned off, while the transistors T11 and T12 are controlled by
the corresponding light emitting signal SEM2 and are then
turned on. The conducting state of the transistor T9 corre-
sponds to the voltage level of the gate of the transistor T9, and
the voltage level of the gate of the transistor T9 is determined
by the initial voltage Vint2 and the voltage across the capaci-
tor C2.

[0062] According to the present embodiment, to accelerate
the voltage level of the gate of the transistor T9 to reach the
target voltage obtained by adding the threshold voltage Vth of
the transistor T9 and the system low voltage VSS together, the
power circuit 540 may be controlled to lower down the volt-
age level of the system low voltage VSS during a regulating
period PA2. Here, the regulating period PA2 is set as half the
programming period PP2, which should not be construed as a
limitation to the invention. However, note that the regulating
period PA2 is shorter than the programming period PP2.

[0063] FIG. 6is a schematic diagram illustrating the power
circuit in the OLED display apparatus depicted in FIG. 5A
according to the third embodiment of the invention. With
reference to FIG. 5A and FIG. 6, in the present embodiment,
the power circuit 540qa includes a second power supply unit
610 and a second multiplexer 620. The second power supply
unit 610 provides a third reference voltage VR3, a fourth
reference voltage VR4, and the system high voltage VDD?2,
and the fourth reference voltage VR4 is lower than the third
reference voltage VR3. The second multiplexer 620 is
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coupled to the second power supply unit 610 to receive the
third reference voltage VR3 and the fourth reference voltage
VR4 and receive a regulating signal SA2. When the regulat-
ing signal SA2 is enabled during the regulating period (e.g.,
the period PA2 shown in FIG. 5B) of the system low voltage
VSS, the second multiplexer 620 outputs the fourth reference
voltage VR4 as the system low voltage VSS according to the
enabled regulating signal SA2; by contrast, when the regu-
lating signal SA2 is disabled, the second multiplexer 620
outputs the third reference voltage VR3 as the system low
voltage VSS according to the disabled regulating signal SA2.
Here, the voltage level for enabling the regulating signal SA2
is a high voltage level, and the voltage level for disabling the
regulating signal SA2 is alow voltage level, for instance. The
regulating signal SA2 may be generated by a control circuit,
e.g., the timing controller 510, which should however not be
construed as a limitation to the invention.

[0064] To be specific, in the present embodiment, the sec-
ond multiplexer 620 includes transistors T13 and T14 (corre-
sponding to the eighth transistor and the ninth transistor), the
transistor T13 is a p-type transistor, and the transistor T14 is
an n-type transistor. The source (corresponding to the first
terminal) of the transistor T13 receives the third reference
voltage VR3, the gate (corresponding to the control terminal)
of the transistor T13 receives the regulating signal SA2, and
the drain (corresponding to the second terminal) of the tran-
sistor T13 is coupled to the cathode of the OLED OLD2. The
drain (corresponding to the first terminal) of the transistor
T14 receives the fourth reference voltage VR4, the gate (cor-
responding to the control terminal) of the transistor T14
receives the regulating signal SA2, and the source (corre-
sponding to the second terminal) of the transistor T14 is
coupled to the cathode of the OLED OLD2.

[0065] When the regulating signal SA2 is enabled, the tran-
sistor T13 is turned off, and the transistor T14 is turned on;
thereby, the fourth reference voltage VR4 may be output to
the cathode of the OLED OLD2 as the system low voltage
VSS; when the regulating signal SA2 is disabled, the transis-
tor T13 is turned on, and the transistor T14 is turned off;
thereby, the third reference voltage VR3 may be output to the
cathode of the OLED OLD?2 as the system low voltage VSS.
Here, the voltage level for enabling the regulating signal SA2
is a high voltage level, and the voltage level for disabling the
regulating signal SA2 is a low voltage level, for instance.

[0066] FIG.71sa schematic circuit diagram illustrating the
pixel in the OLED display apparatus depicted in FIG. 5A
according to a fourth embodiment of the invention. With
reference to FIG. 5A, FIG. 6, and FIG. 7, in the embodiment
shown in FIG. 6, the multiplexer 620 is located in the power
circuit 540a. In the present embodiment, the pixel PX4 is
similar to the pixel PX3, while the difference therebetween
lies in that the transistors T13 and T14 of the multiplexer 620
are disposed in the pixel PX4. Namely, the power circuit 540
may be merely equipped with the second power supply unit
610. The coupling relations of components in the present
embodiment may be referred to as those described previously
and thus will not be further elaborated.

[0067] In the previous embodiments, the voltage level of
the gate of the transistor coupled to the OLED is accelerated
to reach the target voltage by regulating the voltage; nonethe-
less, in other embodiments, the current flowing through the
transistor coupled to the OLED may also be regulated to
achieve the same effect.
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[0068] FIG. 8is a schematic diagram illustrating the power
circuit in the OLED display apparatus depicted in FIG. 1
according to the first embodiment of the invention. With
reference to FIG. 1and F1G. 8, in the present embodiment, the
power circuit 1405 includes a third power supply unit 810 and
a third multiplexer 820. The third power supply unit 810
provides the system high voltage VDD, a reference current
1R1, and the ground voltage GND. Here, the reference current
IR1 is a fixed current and may be generated by a current
mirror or the like. The third multiplexer 820 is coupled to the
third power supply unit 810 to receive the system high voltage
VDD1 and the reference current IR1 and receive a regulating
signal SA3. When the regulating signal SA3 is enabled during
the regulating period (e.g., the period PA1 shown in FIG. 2A)
of the system high voltage VDD1, the third multiplexer 820
outputs the reference current IR1 according to the enabled
regulating signal SA3; by contrast, when the regulating signal
SA3 is disabled, the third multiplexer 820 outputs the system
high voltage VDD1 according to the disabled regulating sig-
nal SA3. Here, the voltage level for enabling the regulating
signal SA3 is a high voltage level, and the voltage level for
disabling the regulating signal SA3 is a low voltage level, for
instance. The regulating signal SA3 may be generated by a
control circuit, e.g., the timing controller 110, which should
however not be construed as a limitation to the invention.

[0069] To be specific, in the present embodiment, the third
multiplexer 820 includes transistors T15 and T16 (corre-
sponding to the tenth transistor and the eleventh transistor),
the transistor T15 is a p-type transistor, and the transistor T16
is an n-type transistor. The source (corresponding to the first
terminal) of the transistor T15 receives the system high volt-
age VDD, the gate (corresponding to the control terminal) of
the transistor T15 receives the regulating signal SA3, and the
drain (corresponding to the second terminal) of the transistor
T15 is coupled to the source of the transistor T2. The drain
(corresponding to the first terminal) of the transistor T16
receives the reference current IR1, the gate (corresponding to
the control terminal) of the transistor T16 receives the regu-
lating signal SA3, and the source (corresponding to the sec-
ond terminal) of the transistor T16 is coupled to the source of
the transistor T2.

[0070] When the regulating signal SA3 is enabled, the tran-
sistor T15 1s turned off, and the transistor T16 is turned on;
thereby, the reference current IR1 may be output to the source
of the transistor T2; when the regulating signal SA3 is dis-
abled, the transistor T15 is turned on, and the transistor T16 is
turned off; thereby, the system high voltage VDD1 may be
output to the source of the transistor T2. Here, the voltage
level for enabling the regulating signal SA3 is a high voltage
level, and the voltage level for disabling the regulating signal
SA3 is a low voltage level, for instance.

[0071] FIG. 9is a schematic circuit diagram illustrating the
pixel in the OLED display apparatus depicted in FIG. 1
according to a fifth embodiment of the invention. With refer-
ence to FIG. 1, FIG. 8, and FIG. 9, in the embodiment shown
in FIG. 8, the multiplexer 820 is located in the power circuit
1405. In the present embodiment, the pixel PX5 is similar to
the pixel PX1, while the difference therebetween lies in that
the transistors T15 and T16 of the multiplexer 820 are dis-
posedin the pixel PX5. Namely, the power circuit 140 may be
merely equipped with the third power supply unit §10. The
coupling relations of components in the present embodiment
may be referred to as those described previously and thus will
not be further elaborated.
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[0072] To sum up, in the OLED display apparatus
described in an embodiment ofthe invention, the voltage level
or the current of the system high voltage or the system low
voltage is regulated during the programming period. so as to
accelerate the voltage level of the gate of the transistor
coupled to the OLED to reach the target voltage. Thereby, the
sampling error rate of each pixel may be reduced, and the
display quality of the OLED display apparatus may accord-
ingly be improved. Here, the sampling error rate refers to a
difference between an actual voltage level and a projected
voltage level of the gate of the transistor coupled to the OLED
during the light emitting period.
[0073] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the disclosed embodiments without departing from the
scope or spirit of the invention. In view of the foregoing, it is
intended that the invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

What is claimed is:

1. An organic light emitting diode display apparatus com-
prising:

a power circuit for providing a first voltage; and

a pixel comprising:

a first transistor, a first terminal of the first transistor
receiving a data voltage, a control terminal of the first
transistor receiving a scan signal;

a capacitor, a first terminal of the capacitor being
coupled to a second terminal of the first transistor;

a second transistor, a first terminal of the second transis-
tor receiving the first voltage, a control terminal of the
second transistor being coupled to a second terminal
of the capacitor;

a third transistor, a first terminal of the third transistor
being coupled to the control terminal of the second
transistor, a control terminal of the third transistor
receiving the scan signal, a second terminal of the
third transistor being coupled to a second terminal of
the second transistor;

afourth transistor, a first terminal of the fourth transistor
being coupled to the second terminal of the second
transistor, a control terminal of the fourth transistor
receiving a light emitting signal, wherein a waveform
of the light emitting signal is inverted to a waveform
of the scan signal;

an organic light emitting diode, the organic light emit-
ting diode, the second transistor, and the fourth tran-
sistor being serially coupled between the first voltage
and a second voltage; and

a fifth transistor, a first terminal of the fifth transistor
receiving an initial voltage, a control terminal of the
fifth transistor receiving the light emitting signal, a
second terminal of the fifth transistor being coupled to
the first terminal of the capacitor,

wherein during a programming period, the scan signal is
enabled throughout the programming period, the light
emitting signal is disabled throughout the programming
period, the data voltage is set throughout the program-
ming period, and the power circuit regulates a voltage
level of the first voltage to be lower than an original
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voltage level of the first voltage during a regulating
period that is shorter than the programming period, so as
to accelerate a voltage level of the control terminal of the
second transistor to reach a target voltage, and

during a light emitting period subsequent to the program-
ming period, the scan signal is disabled throughout the
light emitting period, the light emitting signal is enabled
throughout the light emitting period, the data voltage is
re-set throughout the light emitting period, and the
power circuit regulates the voltage level of the first volt-
age to be the original voltage level.

2. The organic light emitting diode display apparatus as
recited in claim 1, wherein when the first, second, third,
fourth, and fifth transistors are n-type transistors, the first
voltage is a system low voltage, and the second voltage is a
system high voltage.

3. The organic light emitting diode display apparatus as
recited in claim 2, wherein the target voltage is obtained by
adding a threshold voltage of the second transistor and the
system low voltage together.

4. The organic light emitting diode display apparatus as
recited in claim 2, wherein the power circuit comprises:

a first power supply unit for providing a first reference
voltage and a second reference voltage, the second ref-
erence voltage being lower than the first reference volt-
age; and

a first multiplexer coupled to the first power supply unit to
receive the first reference voltage and the second refer-
ence voltage and receive a regulating signal, wherein
when the regulating signal is enabled, the first multi-
plexer outputs the second reference voltage as the sys-
tem low voltage according to the enabled regulating
signal, and when the regulating signal is disabled, the
first multiplexer outputs the first reference voltage as the
system low voltage according to the disabled regulating
signal.

5. The organic light emitting diode display apparatus as
recited in claim 4, wherein the regulating signal is enabled
during a regulating period of the system low voltage.

6. The organic light emitting diode display apparatus as
recited in claim 5, wherein the first multiplexer comprises:

an sixth transistor, a first terminal of the sixth transistor
receiving the first reference voltage, a control terminal
of the sixth transistor receiving the regulating signal, a
second terminal of the sixth transistor being coupled to
the first terminal of the second transistor; and

aseventh transistor, a first terminal of the seventh transistor
receiving the second reference voltage, a control termi-
nal of the seventh transistor receiving the regulating
signal, a second terminal of the seventh transistor being
coupled to the first terminal of the second transistor,

wherein the sixth transistor and the seventh transistor are a
p-type transistor and an n-type transistor, respectively.

7. The organic light emitting diode display apparatus as
recited in claim 1, further comprising a data driver for pro-
viding the data voltage.

8. The organic light emitting diode display apparatus as
recited in claim 1, further comprising a scan driver for pro-
viding the scan signal and the light emitting signal.
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