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the second power supply voltage to the first electrode of the
transistor.
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LIGHT EMITTING DISPLAY, DISPLAY PANEL,
AND DRIVING METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 2003-85067 filed on Nov.
27, 2003 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The present invention relates to a light emitting
display and a driving method thereof. More specifically, the
present invention relates to an organic EL (electrolumines-
cent) display.

[0004] (b) Description of the Related Art

[0005] In general, an organic EL display electrically
excites a phosphorous organic compound to emit light, and
it voltage- or current-drives NxM organic emitting cells to
display images. As shown in FIG. 1, the organic emitting
cell includes an anode (ITO), an organic thin film, and a
cathode layer (metal). The organic thin film has a multi-layer
structure including an EML (emitting layer), an ETL (elec-
tron transport layer), and an HTL (hole transport layer) for
maintaining balance between electrons and holes and
improving emitting efficiencies. The organic thin film fur-
ther includes an EIL (electron injecting layer) and an HIL
(hole injecting layer).

[0006] Methods for driving the organic emitting cells
include a passive matrix method, and an active matrix
method using TFTs (thin film transistors) or MOSFETs. In
the passive matrix method, cathodes and anodes that cross
over each other are formed and used to selectively drive
lines. In the active matrix method, a TFT and a capacitor are
connected with each ITO (indium tin oxide) pixel electrode
to thereby maintain a predetermined voltage according to
capacitance. The active matrix method is classified as either
a voltage programming method or a current programming
method based on signal forms supplied to maintain the
voltage at the capacitor.

[0007] FIG. 2 shows a conventional voltage program-
ming-type pixel circuit for driving an organic EL. element
(OLED), representing one of nxm pixels.

[0008] A transistor Ma coupled between the power supply
voltage V5 and an OLED controls the current flowing to
the OLED. A transistor Mb transmits a data line voltage to
a gate of the transistor Ma in response to a select signal
applied from a scan line S, . A capacitor C,, coupled between
a source and the gate of the transistor Ma is charged with the
data voltage and maintains the charged state for a predeter-
mined time.

[0009] In detail, when the transistor Mb is turned on in
response to a select signal applied to the gate of the
switching transistor Mb, a data voltage from the data line D,
is applied to the gate of the transistor Ma. Accordingly, the
current I zpy corresponding to a voltage Vg charged by the
capacitor C,, between the gate and the source of the tran-
sistor Ma flows through the transistor Ma, and the OLED
emits light corresponding to the current I; g -
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[0010] By way of example, the current that flows to the
OLED is given in Equation 1.

B B Equation 1
loLep = E(VGS - V)t = E(VDD — Vpara — [V )?

[0011] where I, g is the current flowing to the OLED,
V., Is a voltage between the source and the gate of the
transistor Ma, V. is a threshold voltage at the transistor
Ma, f is a constant, and Vp is a power supply voltage for
a pixel.

[0012] As given in Equation 1, the current corresponding
to the applied data voltage is supplied to the OLED, and the
OLED gives light corresponding to the supplied current,
according to the pixel circuit of FIG. 2. In this instance, the
applied data voltage has multi-stage values within a prede-
termined range so as to represent gray.

[0013] However, when a voltage drop (IR-drop) is gener-
ated on a line for supplying the power supply voltage VDD,
and the power supply voltage V, applied to a plurality of
pixel circuits is not uniform, a desired amount of current
may not flow to the OLED, thereby degrading image quali-
ties, since the current flowing to the OLED is influenced by
the power supply voltage V in the conventional pixel
circuit based on the voltage programming method. As the
area of the organic EL display becomes larger, and the
brightness increases, the voltage drop on the line for sup-
plying the power supply voltage V, increases to generate
further problems.

SUMMARY OF THE INVENTION

[0014] In exemplary embodiments of the present inven-
tion, a current that flows to the OLED of a pixel circuit in
a light emitting display is substantially prevented from being
influenced by a power supply voltage.

[0015] Further, a current that flows to the OLED of a pixel
circuit in a light emitting display may be substantially
prevented from being influenced by deviations of a threshold
voltage of a driving transistor.

[0016] In exemplary embodiments of the present inven-
tion, a light emitting display suitable for application as a
large screen and high brightness display is provided.

[0017] In an exemplary embodiment of the present inven-
tion, a light emitting display includes a plurality of data lines
for transmitting data voltages corresponding to video sig-
nals, a plurality of scan lines for transmitting select signals,
and a plurality of pixel circuits. Each said pixel circuit is
coupled to a corresponding said data line to receive a
corresponding said data voltage and a corresponding said
scan line to receive a corresponding said select signal. Each
said pixel circuit includes a transistor including a first
electrode, a second electrode for receiving a first power
supply voltage, and a third electrode for outputting a current
corresponding to a voltage between the first electrode and
the second electrode. Alight emitting element coupled to the
third electrode emits light corresponding to the current
outputted by the third electrode. A first switch transmits the
corresponding said data voltage in response to the corre-
sponding said select signal from the corresponding said scan
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line. A voltage compensator receives the corresponding said
data voltage transmitted by the first switch and a second
power supply voltage, and applies a compensated data
voltage based on the corresponding said data voltage, the
first power supply voltage and the second power supply
voltage to the first electrode of the transistor.

[0018] In another exemplary embodiment of the present
invention, a light emitting display includes a plurality of data
lines for transmitting data voltages corresponding to video
signals, a plurality of scan lines for selecting select signals,
and a plurality of pixel circuits. Each said pixel circuit is
coupled to a corresponding said data line to receive a
corresponding said data voltage and a corresponding said
scan line to receive a corresponding said select signal. Each
said pixel circuit includes a transistor including a first
electrode, a second electrode for receiving a first power
supply voltage, and a third electrode for outputting a current
corresponding to a voltage between the first electrode and
the second electrode. Alight emitting element coupled to the
third electrode emits light corresponding to the current
outputted by the third electrode. A first capacitor is coupled
between the first and second electrodes of the transistor. A
first switch transmits the corresponding said data voltage in
response to the corresponding said select signal from the
corresponding said scan line. A voltage compensator
receives the corresponding said data voltage transmitted by
the first switch and applies a compensated data voltage
based on the corresponding said data voltage and the first
power supply voltage to the first electrode of the transistor.

[0019] In still another exemplary embodiment of the
present invention, a method for driving a display panel
including a matrix of pixel circuits is provided. Each said
pixel circuit includes a transistor including a first electrode,
asecond electrode for receiving a first power supply voltage,
and a third electrode for outputting a current corresponding
to a voltage between the first electrode and the second
electrode. A light emitting element coupled to the third
electrode emits light corresponding to the current outputted
by the third electrode. A capacitor has a first electrode
coupled to the first electrode of the transistor, and a switch
is coupled between a second electrode of the capacitor and
a scan line. The first power supply voltage is applied to the
first electrode of the capacitor, and a data voltage is applied
to the second electrode of the capacitor through the switch.
The first electrode of the capacitor is substantially electri-
cally isolated from the first power supply voltage, and a
second power supply voltage is applied to the second
electrode of the capacitor.

[0020] In still yet another exemplary embodiment of the
present invention, a method for driving a display panel
including a matrix of pixel circuits is provided. Each said
pixel circuit includes a first transistor including a first
electrode, a second electrode for receiving a first power
supply voltage, and a third electrode for outputting a current
corresponding to a voltage between the first electrode and
the second electrode. Alight emitting element coupled to the
third electrode emits light corresponding to the current
outputted by the third electrode. A capacitor has a first
electrode coupled to the first electrode of the first transistor.
A second transistor has a first electrode coupled to a second
electrode of the capacitor, a second electrode, and a third
electrode, and is diode-connected. A switch is coupled
between the second electrode of the second transistor and a
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scan line. The first power supply voltage is applied to the
first electrode of the capacitor, and a data voltage is applied
to the second electrode of the second transistor through the
switch. A second power supply voltage is applied to the
second electrode of the capacitor.

[0021] In still yet another exemplary embodiment of the
present invention, a method for driving a display panel
including a matrix of pixel circuits is provided. Each said
pixel circuit includes a transistor including a first electrode,
asecond electrode for receiving a first power supply voltage,
and a third electrode for outputting a current corresponding
to a voltage between the first electrode and the second
electrode. A light emitting element coupled to the third
electrode emits light corresponding to the current outputted
by the third electrode. A capacitor has a first electrode
coupled to the first electrode of the transistor. A switch is
coupled between a second electrode of the capacitor and a
scan line. The transistor is diode-connected, and a data
voltage is applied to the second electrode of the capacitor. A
second power supply voltage is applied to the second
electrode of the capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention, and, together with the description, serve
to explain the principles of the present invention:

[0023]

[0024] FIG. 2 shows an equivalent circuit diagram of a
conventional pixel circuit used with the voltage program-
ming method;

FIG. 1 shows a conceptual diagram of an OLED;

[0025] FIG. 3 shows an organic EL display in an exem-
plary embodiment of the present invention;

[0026] FIG. 4 shows a brief diagram of a pixel circuit
according to a first exemplary embodiment of the present
invention;

[0027] FIG. 5 shows an internal circuit of a voltage
compensator shown in FIG. 4;

[0028] FIG. 6A shows an application of the voltage com-
pensator circuit of FIG. 5 to the pixel circuit of FIG. 4;

[0029] FIG. 6B shows a pixel circuit similar to the pixel
circuit of FIG. 6A, in which an additional control signal is
provided;

[0030] FIG. 6C shows a pixel circuit similar to the pixel
circuit of FIG. 6A, in which an additional control signal is
provided;

[0031] FIG. 7A shows a pixel circuit according to a
second exemplary embodiment of the present invention;

[0032] FIG. 7B shows a pixel circuit similar to the pixel
circuit of FIG. 7A, in which an additional control signal is
provided;

[0033] FIG. 7C shows a pixel circuit similar to the pixel
circuit of FIG. 7A, in which an additional control signal is
provided;

[0034] FIG. 7D shows a pixel circuit similar to the pixel
circuit of FIG. 7A, in which a diode-connected transistor
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and a driving transistor have channel type different from that
of the pixel circuit of FIG. 7A;

[0035] FIG. 8 shows a waveform diagram of a select
signal applied to the pixel circuits of FIGS. 7A, 7B, 7C and
7D;

[0036] FIG. 9A shows a pixel circuit according to a third
exemplary embodiment of the present invention;

[0037] FIG. 9B shows a pixel circuit similar to the pixel
circuit of FIG. 9A, in which an additional control signal is
provided;

[0038] FIG. 9C shows a pixel circuit similar to the pixel
circuit of FIG. 9A, in which an additional control signal is
provided;

[0039] FIG. 9D shows a pixel circuit similar to the pixel
circuit of FIG. 9A, in which an additional control signal is
provided;

[0040] FIG. 10 shows a pixel circuit according to a fourth
exemplary embodiment of the present invention;

[0041] FIG. 11 shows a display panel which incorporates
the pixel circuit of FIG. 6A; and

[0042] FIG. 12 is a graph that shows a relationship
between the current that flows to the OLED and a voltage
drop of the power supply voltage in pixel circuits of a light
emitting display.

DETAILED DESCRIPTION

[0043] In the following detailed description, only certain
exemplary embodiments of the present invention are shown
and described, by way of illustration. As those skilled in the
art would recognize, the described exemplary embodiments
may be modified in various different ways, all without
departing from the spirit or the scope of the invention.
Accordingly, the drawings and description are to be regarded
as illustrative in nature, and not restrictive.

[0044] FIG. 3 shows an organic EL display according to
an exemplary embodiment of the present invention.

[0045] As shown, the organic EL display includes an
organic EL display panel 100, a scan driver 200, and a data
driver 300.

[0046] The organic EL display panel 100 includes a plu-
rality of data lines D, through D_, each extending in a
column direction, a plurality of scan lines S, through S,
each extending in a row direction, and a plurality of pixel
circuits 10. The data lines D, through D, transmit data
voltages that correspond to video signals to the pixel circuits
10, and the scan lines S, through S, transmit select signals
for selecting the pixel circuits 10. Each pixel circuit 10 is
formed at a pixel region defined by two adjacent data lines
D, through D, , and two adjacent scan lines S, through S, .

[0047] The scan driver 200 sequentially applies select
signals to the scan lines S, through S , and the data driver
300 applies the data voltage that corresponds to video
signals to the data lines D, through D, .

[0048] The scan driver 200 and/or the data driver 300 may
be coupled to the display panel 100, or may be installed, in
a chip format, in a TCP (tape carrier package) coupled to the
display panel 100. The same can be attached to the display
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panel 100, and installed, in a chip format, on an FPC
(flexible printed circuit) or a film coupled to the display
panel 100, which is referred to as a CoF (chip on flexible
board, or chip on film) method. In other embodiments, the
scan driver 200 and/or the data driver 300 may be installed
on a glass substrate of the display panel. Further, the same
can be substituted for the driving circuit formed in the same
layers as the scan lines, the data lines, and TFTs on the glass
substrate, or directly installed on the glass substrate.

[0049] Referring to FIGS. 4 through 6A, a pixel circuit
that can be used as the pixel circuit 10 of the organic EL
display 100 will be described.

[0050] FIG. 4 shows a brief diagram of the pixel circuit.
For ease of description, the pixel circuit coupled to the m-th
data line Dm and the n-th scan line Sn will be described.

[0051] As shown, the pixel circuit according to the first
exemplary embodiment of the present invention includes an
organic EL element (OLED), transistors M1 and M2, and a
voltage compensator 11. In the described embodiment, the
transistors M1 and M2 are P-type transistors having a P-type
channel.

[0052] The transistor M1 is a driving transistor for con-
trolling the current that flows to the OLED, and it has a
source coupled to the power supply voltage Vp, and a drain
coupled to an anode of the OLED. A cathode of the OLED
is coupled to a reference voltage Vg and emits light that
corresponds to the current applied from the transistor M1.
The reference voltage Vg is a voltage lower than the power
supply voltage V. By way of example, the ground voltage
can be used as the reference voltage Vgg.

[0053] The transistor M2 transmits a data voltage applied
to the data line D, to the voltage compensator 11 in response
to a select signal from the scan line S,.

[0054] The voltage compensator 11 is coupled between a
gate of the transistor M1 and a drain of the transistor M2,
receives the data voltage transmitted by the transistor M2
and applies a compensated data voltage based on the data
voltage and the power supply voltage V5 to the gate of the
transistor M1.

[0055] FIG. 5 shows an internal circuit for the voltage
compensator 11 of FIG. 4.

[0056] As shown, the voltage compensator 11 includes
transistors M3 and M4, and a capacitor C,,,. It can be seen
in FIG. 5 that the transistor M3 is a P-type transistor, while
the transistor M4 is an N-type transistor having an N-type
channel. In other embodiments, the transistors may have
different channel types.

[0057] A first electrode A of the capacitor C,,, is coupled
to the gate of the transistor M1, and a second electrode B
thereof is coupled to the drain of the transistor M2.

[0058] The transistor M3 is coupled between the power
supply voltage V5 and the first electrode A of the capacitor
C,.,, and applies the power supply voltage V, to the first
electrode A of the capacitor C,, in response to the select
signal from the scan line S,.

[0059] The transistor M4 is coupled between a compen-
sation voltage V. and the second electrode B of the

sus

capacitor C,, and applies the compensation voltage V. to
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the second electrode B of the capacitor C,,; in response to
the select signal of the scan line S,.

[0060] The select signal from the scan line S, is applied to
the gates of the transistors M3 and M4 in FIG. 5. A control
signal other than the select signal may be applied to at least
one of the transistors M3 and M4. In such cases, the
transistors M3 and M4 may have the same type of channel.

[0061] FIG. 6A shows an application of the voltage com-
pensator 11 of FIG. 5 to the pixel circuit of FIG. 4.

[0062] Operation of the pixel circuit according to the first
exemplary embodiment will be described with reference to
FIG. 6A.

[0063] When the select signal from the scan line S,
becomes low level, the transistor M2 is turned on and the
data voltage is applied to the second electrode B of the
capacitor C_,,. Further, the transistor M3 is turned on and the
power supply voltage Vi is applied to the first electrode A
of the capacitor C_,. Here, no current flows to the OLED
since the power supply voltage V is applied to the gate
and the source of the transistor M1. With the low level select
signal from the present scan line S_, the transistor M4 is
turned off, thereby substantially electrically isolating the
compensation voltage V. from the second electrode B of
the capacitor C;.

[0064] When the select signal from the scan line S,
becomes high level, the transistor M4 is turned on and the
compensation voltage V. is applied to the second electrode
B of the capacitor C,;.

[0065] Therefore, the voltage applied to the second elec-
trode B of the capacitor C,,, is changed to the compensation
voltage V. from the data voltage. In this instance, the
charges charged in the capacitor C,,, is substantially con-
stantly maintained since no current path is formed in the
pixel circuit. That is, the voltage V .5 between the electrodes
of the capacitor C_, is to be maintained substantially con-
stantly, and the voltage at the first electrode A of the
capacitor C,, is varied by a voltage variation AVy of the
second electrode B thereof. A voltage V, of the first elec-
trode A of the capacitor C,; is given in Equation 2.

[0066] Equation 2
Va=VpptAVy

[0067] where AVy is a voltage variation of the second
electrode B of the capacitor C,,; and is given in Equation 3.

[0068] Equation 3
AVp=Vu—Vpara

[0069] In this instance, the current flows to the OLED
through the transistor M1, and the current is given as
Equation 4.

B Equation 4
lorep = E(VGS] - Vrun)?

B
= 5((VDD +AVp) - Vpp — V)

B
= E(AVB = Vr)?
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-continued

B
= E(qux — Vpara = V¥

[0070] where Vg4, is a voltage between the gate and the
source of the transistor M1, and V., is a threshold voltage
of the transistor M1.

[0071] As can be seen from Equation 4, the current
flowing to the OLED is substantially not influenced by the
power supply voltage V. Also, substantially no voltage
drop is generated since the compensation voltage V. forms
no current path, differing from the power supply voltage
V- Hence, the substantially the same compensation volt-
age V_, is applied to all the pixel circuits, and the current
that corresponds to the data voltage flows to the OLED.

[0072] Also, since the transistor M1 has a P-type channel,
the voltage V4 between the gate and the source of the
transistor M1 is to be less than the threshold voltage Vg
in order to turn on the transistor M1. Therefore, the voltage
obtained by subtracting the data voltage Vpap. from the
compensation voltage V_ . is to be less than the threshold

sus

voltage of the transistor M1.

[0073] While the select signal from the scan line S, is
applied to the gates of both the transistors M3 and M4 in
FIG. 6A, an additional control signal having substantially
the same characteristics as the select signal from the scan
line S, may be applied to the gate of either the transistor M3
or the transistor M4. For example, FIG. 6B shows that an
additional control signal is applied to the gate of the tran-
sistor M3. In addition, FIG. 6C shows that an additional
control signal is applied to the gate of the transistor M4.

[0074] Referring to FIGS. 7A and 8, a pixel circuit
according to a second exemplary embodiment of the present
invention will be described. As to definition of scan lines, a
“present scan line” represents a scan line for transmitting a
present select signal, and a “previous scan line” indicates a
scan line that has transmitted a select signal before the
present select signal is transmitted.

[0075] FIG. 7A shows a pixel circuit according to a
second exemplary embodiment of the present invention, and

FIG. 8 shows a waveform diagram of a select signal applied
to FIG. 7A.

[0076] In the pixel circuit of FIG. 7A, transistors M11,
M12, M13, M14 and a capacitor C,,, are connected together
in substantially the same relationship as the M1, M2, M3,
M4 and the capacitor C,; of FIG. 6A, except for the
connection between the transistor M12, the transistor M14
and the capacitor C,,,. The capacitor C_, has electrodes A2
and B2 similar to the electrodes A and B of the capacitor
C,.,. This pixel circuit according to the second exemplary
embodiment is different from the pixel circuit of FIG. 6A in
that the pixel circuit of FIG. 7A further includes a compen-
sation transistor M15, which is diode-connected for com-
pensating the threshold voltage of the driving transistor
M11, and a transistor M16 for applying a pre-charge voltage
V... so that the compensation transistor M15 may be for-

pre
ward biased.

[0077] The drain of the transistor M12 is coupled to a
source of the diode-connected compensation transistor M15.
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The transistor M16 is coupled between a drain of the

diode-connected compensation transistor M15 and the pre-

charge voltage V_. A previous scan line S, _; is coupled to a
pre

gate of the transistor M16.

[0078] An operation of the pixel circuit according to the
second exemplary embodiment of the present invention will
be described with reference to FIG. 8.

[0079] When a select signal from the previous scan line
S, becomes low level during the pre-charge period t1, the
transistor M16 is turned on, and the pre-charge voltage V..
is transmitted to the drain of the transistor M15. In this
instance, it is desirable for the pre-charge voltage V. to be
a little less than the voltage applied to the gate of the
transistor M15, that is, the lowest data voltage applied
through the data line D,,, so that the pre-charge voltage V..
may reach the maximum gray level. Accordingly, when the
data voltage is applied through the data line Dm, the data
voltage becomes greater than the voltage applied to the gate
of the transistor M15, and the transistor M15 is coupled

forward.

[0080] Next, the select signal from the present scan line S
becomes low level and the transistor M12 is turned on
during the data charging period t2, and hence, the data
voltage is applied to the source of the transistor M15 through
the transistor M12. In this instance, since the transistor M15
is diode-connected, a voltage that corresponds to a differ-
ence between the data voltage and a threshold voltage Vg5
of the transistor M15 is applied to the second electrode B2
of the capacitor C,,,. Further, the transistor M13 is turned on
and the power supply voltage V is applied to the first
electrode A2 of the capacitor C,.

[0081] No current flows to the OLED since the voltage
applied to the source and the gate of the transistor M11
corresponds to the power supply voltage V during the
data charging period t2.

[0082] With the low level select signal from the present
scan line S, the transistor M14 is turned off, thereby
substantially electrically isolating the compensation voltage
V., from the second electrode B2 of the capacitor C,,,. The
select signal from the present scan line S, becomes high
level and the transistor M14 is turned on during the light
emitting period t3. The compensation voltage V. is applied
to the second electrode B2 of the capacitor C,,, through the
transistor M14, and the voltage of the second electrode B2
of the capacitor C,,, is changed to the compensation voltage
V., In this instance, since the voltage V 5, between the
electrodes of the capacitor C, is to be substantially con-
stantly maintained, the voltage of the first electrode A2 of
the capacitor C,, is varied by the voltage variation of the
second electrode B2. The voltage V ,, is given in Equation
5 below.

[0083] Equation 5
\4 2=VDD+AVB2=VDD+(Vsus_(VDATA_VTI{15))=VDD+
VsAus_ VbaratVrmis
[0084] where AV, is a voltage variation of the second

electrode B2 of the capacitor C,.

[0085] In this instance, the driving transistor M11 is turned
on, and the current flows to the OLED. The current flowing
to the OLED is given as Equation 6.
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B Equation 6
lorep = E(Vcsu = V)

B
= 5((VDD + Vaus = Voara + Vruis)

~Vpp = Vrun

[0086] When the threshold voltage of the transistor M11
substantially corresponds to that of the transistor M15, the
current flowing to the OLED is given as Equation 7.

B Equation 7
lorep = E(qux ~ Vpara)®

[0087] Therefore, the current that corresponds to the data
voltage applied to the data line D, flows to the OLED
irrespective of the power supply voltage V1, and the thresh-
old voltage V., of the transistor M11.

[0088] Also, since the compensation voltage V.. forms no
current path, a substantially uniform compensation voltage
V., 1s applied to all the pixel circuits, thereby enabling more

sus

fine gray representation.

[0089] As shown in FIG. 7A, the previous scan line S, ;
is used to control the transistor M16 in the second exemplary
embodiment. Alternatively, an additional control line (not
illustrated) for transmitting a control signal for turning on
the transistor M16 during the pre-charge period t1 may be
used.

[0090] Further, while the select signal from the scan line
S, is applied to the gates of both the transistors M13 and
M14 in FIG. 7A, an additional control signal having sub-
stantially the same characteristics as the select signal from
the scan line S, may be applied to the gate of either the
transistor M13 or the transistor M14. For example, FIG. 7B
shows that an additional control signal is applied to the gate
of the transistor M13. In addition, FIG. 7C shows that an
additional control signal is applied to the gate of the tran-
sistor M14.

[0091] FIG. 7D illustrates a pixel circuit including tran-
sistors M11', M12', M13', M14', M15', M16' and a capacitor
C,.,' having electrodes A2' and B2', that are connected
together in substantially the same relationship as the tran-
sistors M11, M12, M13, M14, M15, M16 and the capacitor
C,., of FIG. 7A. However, the transistors M11' and M15'
have an N-type channel, unlike the transistors M11 and M15
which have a P-type channel. The light emitting element
OLED and the transistor M11' are connected in series
between the power supply voltage VDD and the reference
voltage Vss. The transistor M13' is connected between the
electrode A2' and the reference voltage Vss, and the tran-
sistor M14' is connected between the electrode B2' and a
compensation voltage V_ " Adrain of the transistor M15' is
connected to the transistor M12', and a gate and a source of
the transistor M15' are connected together and also to the
transistor M16'. Other than the fact that voltage levels
applied to some of the transistors may be different, the pixel
circuit of FIG. 7D operates in substantially the same manner
as the pixel circuit of FIG. 7A.
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[0092] FIG. 9A shows a pixel circuit according to a third
exemplary embodiment of the present invention.

[0093] In the pixel circuit of FIG. 9A, transistors M21,
M22, M24 and a capacitor C,; are connected together in
substantially the same relationship as the transistors M11,
M12, M14 and the capacitor C_,, of FIG. 7A, except that a
drain of the transistor M22 is connected to a second elec-
trode B3 of the capacitor C,;. The capacitor C,; has
electrodes A3 and B3 similar to the electrodes A2 and B2 of
the capacitor C,,,. The pixel circuit according to the third
exemplary embodiment in FIG. 9A is different from the
pixel circuit of FIG. 7A because in the pixel circuit of FIG.
9A, a source of a transistor M23 is coupled to a drain of the
transistor M21, and the pixel circuit of FIG. 9A further
includes a transistor M25 connected between the transistor
M21 and the OLED. In the pixel circuit illustrated in FIG.
9A, the transistor M23 is P-type, while the transistor M2S5 is
N-type. Gates of the transistors M23 and M25 are coupled
to the present scan line S,.

[0094] An operation of the pixel circuit according to the
third exemplary embodiment will now be described with
reference to FIG. 9A.

[0095] When a low-level select signal from the scan line
S, is applied, the transistor M22 is turned on, and the data
voltage from the data line D, is applied to the second
electrode B3 of the capacitor C,;. Further, the transistor
M23 is turned on and the driving transistor M21 is diode-
connected. Therefore, the threshold voltage Vg, of the
driving transistor M21 is applied between a gate and a
source of the driving transistor M21. In this instance, since
the source of the driving transistor M21 is coupled to the
power supply voltage Vp, the voltage V5 applied to the
first electrode A3 of the capacitor C,; is given as Equation
8.

[0096] Equation 8
Vas=Vop+Vrma

[0097] With the low level select signal from the scan line
S,, the transistor M24 is turned off, thereby substantially
electrically isolating the compensation voltage V., from the
second electrode B3 of the capacitor C_,. Further, the
transistor M25 is turned off, thereby substantially electri-
cally isolating the drain of the transistor M21 from the

OLED.

[0098] When the select signal from the scan line S,
becomes high level, the transistor M24 is turned on to apply
the compensation voltage V. to the second electrode B3 of
the capacitor C_,. In this instance, since no current path is
formed in the pixel circuit, the voltage of both electrodes of
the capacitor C,,; is to be substantially constantly main-
tained. Therefore, the voltage applied to the first electrode
A3 of the capacitor C,; is varied by a voltage variation of
the second electrode B3. Hence, the voltage at the first
electrode A3 is given in Equation 9.

[0099] Equation 9
Vas=Vop+ V1 +AVe;

[0100] where AVg; is a voltage variation of the second
electrode B3 of the capacitor C,,; and is obtained by sub-
tracting the data voltage from the compensation voltage
V.

sus*
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[0101] Further, the transistor M25 is turned on, the current
of the transistor M21 is transmitted to the OLED, and the
OLED emits light in response to the applied current. By way
of example, the current I; zr, flowing to the OLED is given
as Equation 10.

B Equation 10
lorep = 5("0521 = V21

B
= 5((VDD + Vruzs + AVp3) = Vop — Vnzp)?

g (AVg3)®

[0102] Therefore, the current flowing to the OLED is
substantially not influenced by a deviation between the
power supply voltage V1, and the threshold voltage Vo,
of the driving transistor M21.

[0103] While the select signal from the scan line S, is
applied to the gates of the transistors M23, M24 and M25 in
FIG. 9A, an additional control signal having substantially
the same characteristics as the select signal from the scan
line S, may be applied to the gate of any of the transistors
M23, M24 and M25. For example, FIG. 9B shows that an
additional control signal is applied to the gate of the tran-
sistor M23. In addition, FIG. 9C shows that an additional
control signal is applied to the gate of the transistor M24.
Further, FIG. 9D shows that an additional control signal is
applied to the gate of the transistor M25.

[0104] FIG. 10 shows a pixel circuit according to a fourth
exemplary embodiment of the present invention.

[0105] In the pixel circuit of FIG. 10, transistors M31,
M32 and a capacitor C,,, are connected together in substan-
tially the same relationship as the transistors M1, M2 and the
capacitor C,,; of FIG. 6A. The capacitor C_, has electrodes
A4 and B4 similar to the electrodes A and B of the capacitor
C,.;. As shown, the pixel circuit according to the fourth
exemplary embodiment is different from that of the first
exemplary embodiment, as the pixel circuit according to the
fourth exemplary embodiment further includes a capacitor
C2 coupled between the power supply voltage Vp, and a
gate of the driving transistor M31, and the select signal from
the previous scan line S, ; is applied to gates of transistors
M33 and M34.

[0106] An operation of the pixel circuit according to the
fourth exemplary embodiment will now be described in
reference to FIG. 10.

[0107] When the select signal from the previous scan line
S, ; becomes low level, the transistors M33 and M34 are
turned on, the power supply voltage Vp is applied to the
first electrode A4 of the capacitor C,,,, and the compensation
voltage V. is applied to the second electrode B4 thereof.

[0108] Next, the select signal from the present scan line S,
becomes low level, and the transistor M32 is turned on.
Therefore, the voltage of the second electrode B4 of the
capacitor C_,, is changed to the data voltage, and the voltage
of the first electrode A4 of the capacitor C,, is changed by
a voltage variation of the second electrode B4 of the
capacitor C_,,. The voltage of the first electrode A4 of the
capacitor C, is given as Equation 11.
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[0109] Equation 11
Vaa=Vop+AVe=Vop+Vpara—Vius

[0110] Therefore, the power supply voltage V, and the
voltage of the first electrode A4 of the capacitor C,,, are
applied to both electrodes of the capacitor C2, and the
capacitor C2 is charged.

[0111] In this instance, the voltage charged in the capacitor
C2 is given as Equation 12, and the corresponding current
flows to the OLED.

[0112] Equation 12

Ver=Vop- (VDD+ Vbara— Vsus)=VDATA_ Vius
[0113] The current flowing to the OLED is given as
Equation 13.

B Equation 13
lorep = 5("0531 - Vruz

B
= 5 ((Voars = Veus) = Vs

[0114] As can be seen from Equation 13, the current
flowing to the OLED is substantially not influenced by the
power supply voltage V.

[0115] FIG. 11 shows a case wherein the pixel circuit of
the first exemplary embodiment is applied to a display panel
of the light emitting display.

[0116] As shown, a plurality of pixel circuits is coupled to
a line for supplying the power supply voltage Vpp. A
voltage drop is generated in the display panel 100 because
of a parasitic resistance component that exists in the line for
supplying the power supply voltage V. According to the
first exemplary embodiment of the present invention, the
current flowing to the OLED is substantially not influenced
by the voltage drop provided on the above-noted line.

[0117] FIG. 12 is a graph that shows a relationship
between the current that flows to the OLED and the voltage
drop of the power supply voltage V, in pixel circuits of a
light emitting display.

[0118] A curve (a) shows a current curve of the conven-
tional pixel circuit, and a curve (b) illustrates a current curve
of the pixel circuit according to the first exemplary embodi-
ment of the present invention.

[0119] As shown in FIG. 12, the current flowing to the
OLED is strongly influenced by the voltage drop of the line
in the conventional pixel circuit, and the current is very little
influenced by the voltage drop in the pixel circuit according
to the first exemplary embodiment of the present invention.

[0120] While the present invention has been described in
connection with certain exemplary embodiments, it is to be
understood that the present 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.

[0121] For example, the transistors M1 and M5 of FIG.
6A-6C as well as other transistors in other figures can be
realized with the transistors having the N-type channel as
well as those of the P-type channel. Further, they may also
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be implemented with active elements which have first,
second, and third electrodes, and control the current that
flows to the third electrode from the second electrode by the
voltage applied between the first and second electrodes.

[0122] Also, the transistors M12, M13, M14, and M16 of
FIG. 7A as well as corresponding transistors in other
figures, which are elements for switching both electrodes in
response to the select signal, may be realized by using
various other types of switches that perform substantially the
same or similar functions.

[0123] A light emitting display suitable for application as
a large screen and high brightness display is provided by
controlling the current that flows to the OLED to be sub-
stantially not influenced by the power supply voltage.

[0124] Further, the current flowing to the OLED is more
finely controlled by compensating for a deviation of the
power supply voltage and/or a deviation of the threshold
voltage of the driving transistor.

[0125] In addition, the aperture ratio of the light emitting
display is enhanced by compensating for a deviation of the
power supply voltage and/or a deviation of the threshold
voltage of the driving transistor with lesser number of scan
lines.

What is claimed is:

1. A light emitting display including a plurality of data
lines for transmitting data voltages corresponding to video
signals, a plurality of scan lines for transmitting select
signals, and a plurality of pixel circuits, each said pixel
circuit coupled to a corresponding said data line to receive
a corresponding said data voltage and a corresponding said
scan line to receive a corresponding said select signal, each
said pixel circuit comprising:

a transistor including a first electrode, a second electrode
for receiving a first power supply voltage, and a third
electrode for outputting a current corresponding to a
voltage between the first electrode and the second
electrode;

a light emitting element coupled to the third electrode for
emitting light corresponding to the current outputted by
the third electrode;

a first switch for transmitting the corresponding said data
voltage in response to the corresponding said select
signal from the corresponding said scan line; and

a voltage compensator for receiving the corresponding
said data voltage transmitted by the first switch and a
second power supply voltage, and for applying a com-
pensated data voltage based on the corresponding said
data voltage, the first power supply voltage and the
second power supply voltage to the first electrode of the
transistor.

2. The light emitting display of claim 1, wherein the

voltage compensator comprises:

a capacitor having a first electrode coupled to the first
electrode of the transistor, and a second electrode
coupled to the first switch;

a second switch for applying the first power supply
voltage to the first electrode of the capacitor in response
to a first control signal; and
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a third switch coupled between the second electrode of the
capacitor and the second power supply voltage, for
substantially electrically isolating the second power
supply voltage from the second electrode of the capaci-
tor in response to a second control signal.

3. The light emitting display of claim 2, wherein the first
and second switches include transistors having a same
channel type, and the first control signal is the corresponding
said select signal or another signal which has substantially
same characteristics as the corresponding said select signal.

4. The light emitting display of claim 2, wherein the third
switch includes a transistor having a channel type which is
different from that of the first switch, and the second control
signal is the corresponding said select signal or another
signal which has substantially same characteristics as the
corresponding said select signal.

5. The light emitting display of claim 2, wherein the
compensated data voltage is substantially the same as a
voltage obtained by subtracting the corresponding said data
voltage from a summation of the first and second power
supply voltages.

6. The light emitting display of claim 1, wherein the
voltage compensator comprises:

a capacitor having a first electrode coupled to the first
electrode of the transistor, and a second electrode
coupled to the first switch;

a second switch for diode-connecting the transistor in
response to a first control signal; and

a third switch coupled between the second electrode of the
capacitor and the second power supply voltage, for
substantially electrically isolating the second electrode
of the capacitor from the second power supply voltage
in response to a second control signal.

7. The light emitting display of claim 6, wherein the first
and second switches include transistors having a same
channel type, and the first control signal is the corresponding
said select signal or another signal which has substantially
same characteristics as the corresponding said select signal.

8. The light emitting display of claim 6, wherein the third
switch includes a transistor having a channel type which is
different from that of the first switch, and the second control
signal is the corresponding said select signal or another
signal which has substantially same characteristics as the
corresponding said select signal.

9. The light emitting display of claim 6, wherein the
voltage compensator further comprises a fourth switch for
substantially electrically isolating the third electrode of the
transistor from the light emitting element in response to a
third control signal.

10. The light emitting display of claim 9, wherein the
fourth switch includes a transistor having a same channel
type as that of the third switch, and the third control signal
is the corresponding said select signal or another signal
which has substantially same characteristics as the corre-
sponding said select signal.

11. The light emitting display of claim 6, wherein the
compensated data voltage is substantially the same as a
voltage obtained by subtracting the corresponding said data
voltage from a summation of the first and second power
supply voltages and a threshold voltage of the transistor.

12. A light emitting display including a plurality of data
lines for transmitting data voltages corresponding to video
signals, a plurality of scan lines for transmitting select
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signals, and a plurality of pixel circuits, each said pixel
circuit coupled to a corresponding said data line to receive
a corresponding said data voltage and a corresponding said
scan line to receive a corresponding said select signal, each
said pixel circuit comprising:

a first transistor including a first electrode, a second
electrode for receiving a first power supply voltage, and
a third electrode for outputting a current corresponding
to a voltage between the first electrode and the second
electrode;

a light emitting element coupled to the third electrode for
emitting light corresponding to the current outputted by
the third electrode;

a second transistor including a first electrode, a second
electrode, and a third electrode, the second transistor
being diode-connected;

a first switch for transmitting the corresponding said data
voltage to the second electrode of the second transistor
in response to the corresponding said select signal; and

a voltage compensator coupled between the first electrode
of the first transistor and the first electrode of the
second transistor, for receiving a voltage applied to the
first electrode of the second transistor and for applying
a compensated data voltage based on said voltage
applied to the first electrode of the second transistor and
the first power supply voltage to the first electrode of
the first transistor.

13. The light emitting display of claim 12, wherein the
voltage compensator comprises:

a capacitor having a first electrode coupled to the first
electrode of the first transistor, and a second electrode
coupled to the first electrode of the second transistor;

a second switch for applying the first power supply
voltage to the first electrode of the capacitor in response
to a first control signal; and

a third switch coupled between the second electrode of the
capacitor and a second power supply voltage, for
substantially electrically isolating the second electrode
of the capacitor from the second power supply voltage
in response to a second control signal.

14. The light emitting display of claim 13, wherein the
first and second switches include transistors having a same
channel type, and the first control signal is the corresponding
said select signal or another signal which has substantially
same characteristics as the corresponding said select signal.

15. The light emitting display of claim 13, wherein the
third switch includes a transistor having a channel type
which is different from that of the first switch, and the
second control signal is the corresponding said select signal
or another signal which has substantially same characteris-
tics as the corresponding said select signal.

16. The light emitting display of claim 13, further com-
prising a fourth switch for transmitting a pre-charge voltage
to the third electrode of the second transistor in response to
a third control signal.
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17. The light emitting display of claim 16, wherein the
third control signal is another said select signal from a
previous said scan line applied before the corresponding said
select signal is applied.

18. The light emitting display of claim 16, wherein the
pre-charge voltage is established to be less than a lowest
level of the corresponding said data voltage.

19. The light emitting display of claim 12, wherein the
first and second transistors have substantially same charac-
teristics.

20. The light emitting display of claim 12, wherein the
first and second transistors have a P-type channel, the first
electrode is a gate electrode, the second electrode is a source
electrode, and the third electrode is a drain electrode.

21. The light emitting display of claim 12, wherein the
first and second transistors have an N-type channel, the first
electrode is a gate electrode, the second electrode is a drain
electrode, and the third electrode is a source electrode.

22. A light emitting display including a plurality of data
lines for transmitting data voltages corresponding to video
signals, a plurality of scan lines for transmitting select
signals, and a plurality of pixel circuits, each said pixel
circuit coupled to a corresponding said data line to receive
a corresponding said data voltage and a corresponding said
scan line to receive a corresponding said select signal, each
said pixel circuit comprising:

a transistor including a first electrode, a second electrode
for receiving a first power supply voltage, and a third
electrode for outputting a current corresponding to a
voltage between the first electrode and the second
electrode;

a light emitting element coupled to the third electrode for
emitting light corresponding to the current outputted by
the third electrode;

a first capacitor coupled between the first and second
electrodes of the transistor;

a first switch for transmitting the corresponding said data
voltage in response to the corresponding said select
signal from the corresponding said scan line; and

a voltage compensator for receiving the corresponding
said data voltage transmitted by the first switch and for
applying a compensated data voltage based on the
corresponding said data voltage and the first power
supply voltage to the first electrode of the transistor.

23. The light emitting display of claim 22, wherein the

voltage compensator comprises:

a second capacitor having a first electrode coupled to the
first electrode of the transistor, and a second electrode
coupled to the first switch;

a second switch for applying the first power supply
voltage to the first electrode of the second capacitor in
response to a first control signal; and

a third switch for applying a second power supply voltage
to the second electrode of the second capacitor in
response to a second control signal.

24. The light emitting display of claim 23, wherein the
first and second control signals have substantially same
characteristics.

25. The light emitting display of claim 23, wherein
another said select signal from a previous said scan line is
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applied as both the first and second control signals before the
corresponding said select signal is applied.

26. A display panel of a light emitting display including
a plurality of data lines for transmitting data voltages
corresponding to video signals, a plurality of scan lines for
transmitting select signals, and a plurality of pixel circuits,
each said pixel circuit coupled to a corresponding said data
line to receive a corresponding said data voltage and a
corresponding said scan line to receive a corresponding said
select signal, each said pixel circuit comprising:

a transistor including a first electrode, a second electrode
for receiving a first power supply voltage, and a third
electrode for outputting a current corresponding to a
voltage between the first electrode and the second
electrode;

a light emitting element coupled to the third electrode for
emitting light corresponding to the current outputted by
the third electrode;

a capacitor having a first electrode coupled to the first
electrode of the transistor; and

a switch coupled between a second electrode of the
capacitor and the corresponding said scan line,

wherein operating periods of the pixel circuits include:

a first period during which the first power supply voltage
is applied to the first electrode of the capacitor and the
corresponding said data voltage is applied to the second
electrode of the capacitor, and

a second period during which the first electrode of the
capacitor is substantially electrically isolated from the
first power supply voltage and a second power supply
voltage is applied to the second electrode of the capaci-
tor.

27. The display panel of claim 26, wherein the transistor
has a P-type channel, the first electrode is a gate electrode,
the second electrode is a source electrode, and the third
electrode is a drain electrode.

28. The display panel of claim 26, wherein the transistor
has an N-type channel, the first electrode is a gate electrode,
the second electrode is a drain electrode, and the third
electrode is a source electrode.

29. A display panel of a light emitting display including
a plurality of data lines for transmitting data voltages
corresponding to video signals, a plurality of scan lines for
transmitting select signals, and a plurality of pixel circuits,
each said pixel circuit coupled to a corresponding said data
line to receive a corresponding said data voltage and a
corresponding said scan line to receive a corresponding said
select signal, each said pixel circuit comprising:

a first transistor including a first electrode, a second
electrode for receiving a first power supply voltage, and
a third electrode for outputting a current corresponding
to a voltage between the first electrode and the second
electrode;

a light emitting element coupled to the third electrode for
emitting light corresponding to the current outputted by
the third electrode;
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a capacitor having a first electrode coupled to the first
electrode of the first transistor;

a second transistor including a first electrode coupled to
the second electrode of the capacitor, a second elec-
trode, and a third electrode, the second transistor being
diode-connected; and

a switch coupled between the second electrode of the
second transistor and the corresponding said scan line,

wherein operating periods of the pixel circuits include:

a first period during which the first power supply voltage
is applied to the first electrode of the capacitor and the
corresponding said data voltage is applied to the second
electrode of the second transistor, and

a second period during which a second power supply
voltage is applied to the second electrode of the capaci-
tor.

30. The display panel of claim 29, wherein a pre-charge
voltage is applied to the third electrode of the second
transistor before the first period.

31. The display panel of claim 30, wherein the pre-charge
voltage is established to be less than a lowest level of the
corresponding said data voltage.

32. A display panel of a light emitting display including
a plurality of data lines for transmitting data voltages
corresponding to video signals, a plurality of scan lines for
transmitting select signals, and a plurality of pixel circuits,
each said pixel circuit coupled to a corresponding said data
line to receive a corresponding said data voltage and a
corresponding said scan line to receive a corresponding said
select signal, each said pixel circuit comprising:

a transistor including a first electrode, a second electrode
for receiving a first power supply voltage, and a third
electrode for outputting a current corresponding to a
voltage between the first electrode and the second
electrode;

a light emitting element coupled to the third electrode for
emitting light corresponding to the current outputted by
the third electrode;

a capacitor having a first electrode coupled to the first
electrode of the transistor; and

a switch coupled between a second electrode of the
capacitor and the corresponding said scan line,

wherein operating periods of the pixel circuits include:

a first period during which the transistor is diode-con-
nected and the corresponding said data voltage is
applied to the second electrode of the capacitor; and

a second period during which a second power supply
voltage is applied to the second electrode of the capaci-
tor.

33. The display panel of claim 32, wherein the transistor
and the light emitting element are substantially electrically
isolated during the first period.

34. A method for driving a display panel including a
matrix of pixel circuits, each said pixel circuit including: a
transistor including a first electrode, a second electrode for
receiving a first power supply voltage, and a third electrode
for outputting a current corresponding to a voltage between
the first electrode and the second electrode; a light emitting

10

Jun. 30, 2005

element coupled to the third electrode for emitting light
corresponding to the current outputted by the third electrode;
a capacitor having a first electrode coupled to the first
electrode of the transistor; and a switch coupled between a
second electrode of the capacitor and a scan line, the method
comprising:

applying the first power supply voltage to the first elec-
trode of the capacitor;

applying a data voltage to the second electrode of the
capacitor through the switch;

substantially electrically isolating the first electrode of the
capacitor from the first power supply voltage; and

applying a second power supply voltage to the second

electrode of the capacitor.

35. The method of claim 34, wherein the transistor has a
P-type channel, and the first power supply voltage is a
positive voltage.

36. The method of claim 34, wherein the second power
supply voltage is less than a summation of the data voltage
and a threshold voltage of the transistor.

37. A method for driving a display panel including a
matrix of pixel circuits, each said pixel circuit including: a
first transistor including a first electrode, a second electrode
for receiving a first power supply voltage, and a third
electrode for outputting a current corresponding to a voltage
between the first electrode and the second electrode; a light
emitting element coupled to the third electrode for emitting
light corresponding to the current outputted by the third
electrode; a capacitor having a first electrode coupled to the
first electrode of the first transistor; a second transistor
having a first electrode coupled to a second electrode of the
capacitor, a second electrode, and a third electrode, the
second transistor being diode-connected; and a switch
coupled between the second electrode of the second tran-
sistor and a scan line, the method comprising:

applying the first power supply voltage to the first elec-
trode of the capacitor;

applying a data voltage to the second electrode of the
second transistor through the switch; and

applying a second power supply voltage to the second
electrode of the capacitor.

38. The method of claim 37, wherein the transistors
include transistors having a P-type channel, and the first
power supply voltage is a positive voltage.

39. The method of claim 37, wherein the second power
supply voltage is less than a summation of the data voltage
and a threshold voltage of the transistor.

40. A method for driving a display panel including a
matrix of pixel circuits, each said pixel circuit including: a
transistor including a first electrode, a second electrode for
receiving a first power supply voltage, and a third electrode
for outputting a current corresponding to a voltage between
the first electrode and the second electrode; a light emitting
element coupled to the third electrode for emitting light
corresponding to the current outputted by the third electrode;
a capacitor having a first electrode coupled to the first
electrode of the transistor; and a switch coupled between a
second electrode of the capacitor and a scan line, the method
comprising:

Samsung Display, Ex. 1007, p. 23
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a) diode-connecting the transistor; 42. The method of claim 40, wherein the transistor has a
g
(b) applying a data voltage to the second electrode of the P-t}fp.e channel, and the first power supply voltage is a
capacitor; and positive voltage.
43. The method of claim 40, wherein the second power

lyi d ly voltage to th d
(c) applying a sccond power supply voliage to the secon supply voltage is less than a summation of the data voltage

electrode of the capacitor.

41. The method of claim 40, wherein the transistor is and a threshold voltage of the transistor.
substantially electrically isolated from the light emitting
element while performing (a) and (b). ® ok ok k%
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