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VOLTAGE COMPENSATION TYPE PIXEL
CIRCUIT OF ACTIVE MATRIX ORGANIC
LIGHT EMITTING DIODE DISPLAY DEVICE

The present patent document is a divisional of U.S. patent
application Ser. No. 13/110,593, filed May 18, 2011, which
claims priority to Korean Patent Application No. 10-2010-
0046610 filed in Korea on May 18, 2010.

BACKGROUND

1. Field of the Invention

The present disclosure relates to an Active Matrix Organic
Light Emitting Diode (AMOLED) display device, and more
particularly, to a voltage compensation type pixel circuit of an
AMOLED display device, which can compensate for a posi-
tive threshold voltage and a negative threshold voltage and
enables a driving transistor to always operate in a saturation
region.

2. Discussion of the Related Art

An AMOLED display device is a self-emitting device to
emit light through an organic light emitting layer by electron-
hole recombination. The AMOLED display device has high
luminance and a low driving voltage and can have an ultra-
slim size, thereby being expected as a next-generation display
device.

Each of a plurality of circuits constituting an AMOLED
display device includes a light emitting element comprised of
an organic light emitting layer between an anode and a cath-
ode, and a pixel circuit for independently driving the light
emitting element. The pixel circuit may be classified into a
voltage-type pixel circuit and a current-type pixel circuit.
Since the voltage-type pixel circuit has a simpler external
driving circuit than the current-type pixel circuit and is suit-
able for a high-speed operation, it is well suited to applica-
tions to a pixel circuit for an AMOLED TV etc.

The voltage-type pixel circuit mainly includes a switching
Thin Film Transistor (TFT), a capacitor, and a driving TFT.
The switching TFT charges a voltage corresponding to a data
signal to the capacitor in response to a scan pulse, and the
driving TFT controls the amount of current flowing into a
light emitting element according to the magnitude of the
voltage charged to the capacitor, thereby adjusting luminance
of the light emitting element. Generally, luminous intensity of
the light emitting element is proportional to the current sup-
plied from the driving TFT.

However, a conventional voltage-type pixel circuit has
non-uniform luminance due to non-constant threshold volt-
ages Vth of driving TFTs according to position because of
deviation in a manufacturing process etc. or has a short life-
time due to a reduction of luminance by varied threshold
voltages over time. To solve such a problem, the voltage-type
pixel circuit uses a method for detecting and compensating
for the threshold voltage of the driving TFT.

A conventional voltage compensation type pixel circuit,
which is disclosed, for example, in U.S. Pat. No. 7,649,202
(Korean Patent No. 10-0636483), detects, as a threshold volt-
age of a driving TFT, a source-gate voltage at which a drain-
source current becomes sufficiently small by connecting the
gate and the drain, and compensates a data voltage by the
detected threshold voltage. The conventional voltage com-
pensation type pixel circuit uses a control TFT serially con-
nected between the driving TFT and a light emitting element
in order to cut off light emission of the light emitting element
upon detecting the threshold voltage. However, the conven-
tional voltage compensation type pixel circuit is problematic
as follows.
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First, when a pixel circuit using n-type TFTs detects a
threshold voltage of a driving TFT of a diode structure, it
cannot detect a negative threshold voltage of the driving TFT.
Further, a pixel circuit using p-type TFTs cannot detect a
positive threshold voltage of the driving TFT. This is because,
in the driving TFT of a diode structure in which the gate and
the drain thereof are connected to each other, a gate-drain
voltage is OV and thus a minimum or maximum detectable
threshold voltage is limited to OV.

Second, since the light emitting control TFT serially con-
nected between the driving TFT and the light emitting ele-
ment always operates in a linear region during light emission,
it is greatly affected by bias stress and is greatly subjected to
degradation. Generally, if a value obtained by subtracting a
threshold value Vth from a gate-source voltage Vgs of a TFT
is equal to or less than a drain-source voltage Vds of the TFT
(i.e. Vgs-Vth=Vds), then the TFT is in a saturation region,
and ifa value obtained by subtracting the threshold value Vth
from the gate-source voltage Vgs of the TFT is greater than or
equal to the drain-source voltage Vds of the TFT (i.e. Vgs-
Vth=Vds), then the TFT is in a linear region. It is known that
TFT degradation progresses rapidly in the linear region.
However, in the conventional voltage compensation type
pixel circuit, the light emitting control TFT operates in the
linear region and the driving TFT operates in the saturation
region, during a light emitting period. Accordingly, the light
emitting control TFT is subjected to degradation faster than
the driving TFT due to bias stress.

Meanwhile, if the light emitting control TFT is omitted in
order to solve such a problem thereof, since the light emitting
element emits light even during a non-light emitting period,
black luminance is increased and thus contrast is lowered.

As a known prior art document related to the invention of
the present application, for example, we note Korean Patent
No. 10-0636483 (U.S. Pat. No. 7,649,202).

BRIEF SUMMARY

A voltage compensation type pixel circuit of an organic
light emitting diode for driving a light emitting element
includes a driving transistor serially connected to the light
emitting element between a high-potential power line and a
low-potential power line to drive the light emitting element in
response to a voltage supplied to a first node, a first program
transistor for supplying a data voltage of a data line to a
second node in response to a scan signal of a scan line, a
second program transistor for supplying a reference voltage
from a reference voltage supply line to the first node in
response to the scan signal of the scan line, a merge transistor
for connecting the first node and the second node in response
to a merge signal of a merge line, a storage capacitor con-
nected between a third node and the second node to store a
voltage which corresponds to the data voltage in which the
threshold voltage is compensated, wherein the third and sec-
ond nodes are interposed between the driving transistor and
the light emitting element, and first and second reset transis-
tors for initializing at least two of the first, second, and third
nodes to an initialization voltage of an initialization voltage
line in response to a reset signal of a reset line.

In another aspect of the present disclosure, a voltage com-
pensation type pixel circuit of an organic light emitting diode
for driving a light emitting element includes a driving tran-
sistor serially connected to the light emitting element
between a high-potential power line and a low-potential
power line to drive the light emitting element in response to a
voltage supplied to a first node, a program transistor for
supplying a data voltage of a data line to a second node in
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response to a scan signal of a scan line, a merge transistor for
connecting the first node and the second node in response to
a merge signal of a merge line, a storage capacitor connected
between a third node and the second node to store a voltage
which corresponds to the data voltage in which the threshold
voltage is compensated, wherein the third and second nodes
are interposed between the driving transistor and the light
emitting element, first and second reset transistors for initial-
izing at least two of the first, second, and third nodes to an
initialization voltage of an initialization voltage line in
response to a reset signal of a reset line, and a capacitor
connected between the scan line and the first node to supply a
reference voltage to the first node according to variation of the
scan signal.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1 is an equivalent circuit diagram of a pixel circuit of
an AMOLED display device according to a first exemplary
embodiment of the present invention;

FIG. 2 is a driving waveform chart of the pixel circuit of
FIG. 1;

FIG. 3 is an equivalent circuit diagram of the pixel circuit
of FIG. 1 illustrating a driving state during an initialization
period;

FIG. 4 is an equivalent circuit diagram of the pixel circuit
of FIG. 1 illustrating a driving state during a program period,

FIG. 5 is an equivalent circuit diagram of the pixel circuit
of FIG. 1 illustrating a driving state during a light emitting
period;

FIG. 6 is an equivalent circuit diagram of the pixel circuit
of FIG. 1 to which p-type TFTs are applied;

FIG. 7 is a waveform chart illustrating driving of the pixel
circuit of FIG. 6;

FIG. 8 is an equivalent circuit diagram of a pixel circuit of
an AMOLED display device according to a second exemplary
embodiment of the present invention;

FIG. 9 is an equivalent circuit diagram of a pixel circuit of
an AMOLED display device according to a third exemplary
embodiment of the present invention;

FIG. 10 is an equivalent circuit diagram of a pixel circuit of
an AMOLED display device according to a fourth exemplary
embodiment of the present invention;

FIG. 11 is an equivalent circuit diagram of a pixel circuit of
an AMOLED display device according to a fifth exemplary
embodiment of the present invention;

FIG. 12 is a driving waveform chart of the pixel circuit of
FIG. 11; and

FIG. 13 is an equivalent circuit diagram of a pixel circuit of
an AMOLED display device according to a sixth exemplary
embodiment of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS
AND THE PRESENTLY PREFERRED
EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
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4

illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

FIG. 1 is an equivalent circuit diagram of a pixel circuit of
an AMOLED display device according to a first exemplary
embodiment of the present invention, and FIG. 2 is a driving
waveform chart of the pixel circuit of FIG. 1.

The pixel circuit of FIG. 1 drives an OLED to generate
luminance corresponding to a data voltage Vdata and
includes 6 n-type TFTs and one storage capacitor Cs. A plu-
rality of pixel circuits constitutes the AMOLED display
device and each pixel circuit independently drives each
OLED.

The OLED is serially connected to a driving TFT Td
between a high-potential power line 40 and a low-potential
power line 42. The OLED has an anode connected to the
driving TFT Td, a cathode connected to the low-potential
power line 42, and a light emitting layer between the cathode
and the anode. The light emitting layer includes an electron
injection layer, an electron transport layer, an organic light
emitting layer, a hole transport layer, and a hole injection
layer which are sequentially deposited between the cathode
and the anode thereof. If a positive bias is supplied between
the anode and cathode of the OLED, electrons are supplied
from the cathode to the organic light emitting layer via the
electron injection layer and the electron transport layer, and
holes are supplied from the anode to the organic light emitting
layer via the hole injection layer and the hole transport layer.
The organic light emitting layer generates luminance propor-
tional to current density by emitting light through a fluores-
cent or phosphorescent material by recombination of the sup-
plied electrons and holes. Meanwhile, if a negative bias is
supplied to the OLED, the OLED serves as a capacitor Coled
for accumulating charges.

The pixel circuit includes 6 n-type TFTs including one
driving TFT Td, two reset TFTs Tres1 and Tres2, two pro-
gram TFTs (i.e. one reference TFT Tref and one data TFT
Tdata), and one merge TFT Tme for initializing light emis-
sion and includes one storage capacitor Cs connected
between the OLED and the data TFT Tdata.

The pixel circuit also includes three control lines, including
an n-th (where n is a positive integer) scan line 30 for
supplying an n-th scan signal SSn, an n-th merge line 34# for
supplying an n-th merge signal MSn, and an n-th reset line
36n for supplying an n-th reset signal RSn. The n-th reset line
36n may be replaced with an (n-1)-th scan line 30»z-1 which
is a previous stage scan line of the n-th scan line 30%. The n-th
merge signal MSn has polarity opposite to then-th scan signal
SSn.

The pixel circuit includes three fixed power lines, including
the high-potential power line 40 for supplying a high potential
voltage Vdd, the low-potential power line 42 for supplying a
low potential voltage Vss lower than the high potential volt-
age Vdd, and a reference voltage line 44 for supplying a
reference voltage Vref which is lower than the high potential
voltage Vdd and is higher than or equal to the low potential
voltage Vss. The reference voltage Vref may be replaced with
the low potential voltage Vss.

The pixel circuit also includes a data line 32 for supplying
the data voltage Vdata and an initialization line 38 for sup-
plying an initialization voltage Vini. Since the initialization
voltage Vini does not need to be a fixed voltage, the initial-
ization line 38 may be replaced with an (n-1)-th merge line
34n-1which s a previous stage merge line. The initialization
voltage Vini uses a voltage lower than the low potential volt-
age Vss, for example, a gate-off voltage Voff supplied to the
(n-1)-th merge line 34r-1.
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The reference TFT Tref has a gate electrode connected to
the n-th scan line 30x, a first electrode connected to the
reference voltage line 44, and a second electrode connected to
a first node N1 which is connected to a gate electrode of the
driving TFT Td. The first electrode and second electrode of
the reference TFT Tref correspond to a source electrode or a
drain electrode according to current direction. The reference
TFT Tref supplies the reference voltage Vref to the first node
N1 during a program period in response to the scan signal SSn
from the n-th scan line 307

The data TFT Tdata has a gate electrode connected to the
n-th scan line 30z, a first electrode connected to the data line
32, and a second electrode connected to a second node N2
which is connected to the storage capacitor Cs. The first
electrode and second electrode of the data TFT Tdata corre-
spond to a source electrode or a drain electrode according to
current direction. The data TFT Tdata supplies the data volt-
age Vdata to the second node N2 during a program period in
response to the scan signal SSn from the n-th scan line 307

The merge TFT Tme has a gate electrode connected to the
n-th merge line 34n, a first electrode connected to the first
node N1, and a second electrode connected to the second
node N2. The first electrode and second electrode of the
merge TFT Tme correspond to a source electrode or a drain
electrode according to current direction. The merge TFT Tme
connects the first node N1 and the second node N2 during an
initialization period and a light emitting period in response to
the merge signal MSn from the n-th merge line 34n.

The first reset TFT Tres1 has a gate electrode connected to
the n-th reset line 367, a first electrode connected to a third
node N3 which is connected to the anode of the OLED, and a
second electrode connected to the first node N1.

The second reset TFT Tres2 has a gate electrode connected
to the n-th reset line 367, a first electrode connected to the
initialization line 38, and a second electrode connected to the
third node N3. The first electrodes and second electrodes of
the first and second reset TFTs Tres1 and Tres2 correspond to
source electrodes or drain electrodes according to current
direction. The first and second reset TFTs Tres1 and Tres2
initialize the nodes N1, N2, and N3 to the initialization volt-
age Vini during an initialization period in response to the reset
signal RSn of the n-th reset line 36x. Using the (n-1)-th scan
line 307-1 as the n-th reset line 367, the first and second reset
TFTs Tres1 and Tres2 may be switched in response to a scan
signal SSn-1 of the (n-1)-th scan line 30z-1 during the
initialization period. Using the (n—1)-th merge line 34»-1 as
the initialization line 38, the gate-off voltage Voff of a merge
signal MSn-supplied to the (n-1)-th merge line 34»-1 may be
supplied as the initialization voltage Vini during the initial-
ization period.

The driving TFT Td has a gate electrode connected to the
first node N1, a first electrode connected to the high-potential
power line 40, and a second electrode connected to the third
node N3 which is connected to the anode of the OLED. The
first electrode and second electrode of the driving TFT Td
correspond to a source electrode or a drain electrode accord-
ing to current direction. The driving TFT Td drives the OLED
by controlling current flowing into the OLED via the third
node N3 from the high-potential power line 40 according to a
voltage supplied to the first node N1.

The above-described pixel circuit is sequentially driven
through an initialization period, a program period, and a light
emitting period, as shown in FIG. 2. During the initialization
period, the first, second, and third nodes N1, N2, and N3 are
initialized to the initialization voltage Vini by active driving
of the first and second reset TFTs Tres1 and Tres2 and the
merge TFT Tme. During the program period, a threshold
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6

voltage Vth of the driving TFT Td is detected and a voltage
corresponding to the data voltage Vdata in which the thresh-
old voltage Vth is compensated is stored in the storage capaci-
tor Cs, by active driving of the reference TFT Tref, the data
TFT Tdata, and the driving TFT Td. During the light emitting
period, the driving TFT Td drives the OLED to emit light in
response to a voltage supplied from the storage capacitor Cs
by active driving of the merge TFT Tme and the driving TFT
Td.

FIGS. 3, 4, and 5 are equivalent circuit diagrams of the
pixel circuit of FIG. 1 illustrating driving states during an
initialization period, a program period, and a light emitting
period respectively. Hereinafter, operation of the pixel circuit
20 during the initialization period, program period, and light
emitting period will be described in detail with reference to
FIGS. 210 5.

Since the pixel circuit of FIG. 1 is comprised of n-type
TFTs, the TFTs are turned on and activated by a gate high
voltage Vgh of a high state shown in FIG. 2, that is, a gate-on
voltage Von and are turned off by a gate low voltage Vgl of a
low state, that is, a gate-off voltage Voff.

During theinitialization period shown in FIGS. 2 and 3, the
first and second reset TFTs Tres1 and Tres2 and the merge
TFT Tme are turned on to initialize the first to third nodes N1,
N2, and N3 to the initialization voltage Vini. To this end, the
gate-on voltage Von of the reset signal RSn is supplied to the
n-th reset line 36, the gate-on voltage Von of the merge
signal MSn is supplied to the n-th merge line 34z, and the
gate-off voltage Voff of the scan signal SSn is supplied to the
n-th scan line. Then, as shown in FIG. 3, the first reset TFT
Tres1. the second reset TFT Tres2, and the merge TFT Tme
are turned on in response to the gate-on voltage Von, the
reference TFT Tref and the data TFT Tdata are turned off in
response to the gate-off voltage Voff, and the driving TFT Td
is turned off by the initialization voltage Vini of a low state
supplied to the first node N1. Accordingly, the initialization
voltage Vini supplied to the initialization line 38 is supplied to
the first, second, and third nodes N1, N2, and N3 via the
turned-on first reset TET Tres, second reset TFT Tres2, and
merge TFT Tme so that the first, second, and third nodes N1,
N2, and N3 are initialized to the same initialization voltage
Vini. A voltage of a low state lower than the low potential
voltage Vss is supplied as the initialization voltage Vini. For
example, the gate-off voltage Voff of the (n-1)-th merge
signal MSn-1 may be supplied as the initialization voltage
Vini by using the (n-1)-th merge line 34r-1 as the initializa-
tion line 38. As a result, during the initialization period, the
initialization voltage Vini lower than the low potential voltage
Vss is supplied to the third node N3 and thus a negative bias
is applied to the OLED. Therefore, the OLED does not emit
light and serves as the capacitor Coled for accumulating
charges. As the n-th reset line 36n, the (n-1)-th scan line
30n-1 for supplying the scan signal SSn-1 of the gate-on
voltage Von during the initialization period may be used.

Meanwhile, during the initialization period, in order to
prevent unnecessary light emission of the OLED, an active
period of the reset signal RSn during which the gate-on volt-
age Von is supplied to the reset line 36 is set to be shorter than
a period during which the initialization voltage of a low state
(Vini=VofY) is supplied as shown in FIG. 2. That is, an active
period of the (n—1)-th scan signal SSn-1 during which the
gate-on voltage is supplied to the (n—1)-th scan line 30r-1 is
set to be shorter than a non-active period within the non-active
period of the merge signal MSn~-1 during which the gate-off
voltage Voff is supplied to the (n—1)-th merge line 34r-1.

During the program period shown in FIGS. 2 and 4, the
reference TFT Tref, the data TFT Tdata, and the driving TFT
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Td are turned on, the threshold voltage Vth of the driving TFT
Td is detected by using the OLED as the capacitor Coled, and
avoltage corresponding to the data voltage Vdata in which the
threshold voltage is compensated is stored in the storage
capacitor Cs. To this end, the gate-on voltage of the scan
signal SSn is supplied to the n-th scan line 30x, the gate-off
voltage Voff of the merge signal MSn is supplied to the n-th
merge line 34n, and the gate-off voltage Voff of the reset
signal RSn is supplied to the n-th reset line 36r. Then, as
shown in FIG. 4, the reference TFT Tref and the data TFT
Tdata are turned on in response to the gate-on voltage, the
driving TFT Td is turned on until source-drain current
becomes sufficiently small by the reference voltage Vref sup-
plied to the first node N1, and the first and second reset TFTs
Tres1 and Tres2 and the merge TFT Tme are turned off by the
gate-off voltage. If the data voltage Vdata is supplied through
the turned-on data TFT Tdata, a voltage of the second node
N2 varies to the data voltage Vdata from the initialization
voltage (Vini=Voff), and a voltage VN3 of the third node N3
varies as indicated in the following Equation 1 in proportion
to a variation (Vdata-Voff) of the voltage of the second node
N2.

Vivs = Vi + (Vo = Vii)S( [Equation 1]

Ccg )
Coled + Cs

Since the voltage VN3 of the third node N3 is lower than
the low potential voltage V'ss, the OLED serves as the capaci-
tor Coled due to the negative bias applied thereto. The OLED
serving as the capacitor Coled accumulates charges through
the driving TFT Td until a potential of the third node N3
reaches a value (Vref-Vth) obtained by subtracting the
threshold voltage Vth of the driving TFT Td from the refer-
ence voltage Vref, that is, until the source-drain current Ids of
the driving TFT Td becomes sufficiently small. Then the
voltage (Vref-Vth) obtained by subtracting the threshold
voltage Vth of the driving TFT Td from the reference voltage
Vref, that is, the threshold voltage Vith of the driving TFT Td
can be detected in the third node N3. Especially, since the
threshold voltage Vth is detected using the OLED as the
capacitor without using a diode structure in which the gate
and drain of the driving TFT Td are connected, a negative
threshold voltage as well as a positive threshold voltage can
be accurately detected. As a result, the storage capacitor Cs
stores a voltage (Vdata-Vref+Vth) corresponding to a differ-
ence between the data voltage Vdata supplied via the turned-
ondata TFT Tdata and the voltage (Vref-Vth) supplied to the
node N3. Namely, the storage capacitor Cs stores the voltage
(Vdata-Vref+Vth) corresponding to the data voltage in
which the threshold voltage Vth is compensated.

Meanwhile, in FIG. 2, an active period of the scan signal
SSn supplied to the n-th scan line 30# is set to be shorter than
a non-active period of the merge signal MSn supplied to the
n-th merge line 34. The (n-1)-th scan line 307-1 supplying
the scan signal SSn-1 of the gate-off voltage Voff during the
program period may be used as the n-th reset line 36x.

During the light emitting period shown in FIGS. 2 and 5,
the merge TFT Tme is turned on and the driving TFT Td
drives the OLED to emit light in response to a voltage of the
storage capacitor Cs. To this end, the gate-on voltage Von of
the merge signal MSn is supplied to the n-th merge line 34x,
the gate-off voltage Voff of the reset signal RSn is supplied to
the n-th reset line 36%, and the gate-off voltage Voff of the
scan signal SSn is supplied to the n-th scan line 30z. Then, as
shown in FIG. 5, the merge TFT Tm is turned on in response
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to the gate-on voltage Von to connect the first and second
nodes N1 and N2, and the first reset TFT Tres1, the second
reset Tres2, the reference TFT Trefand the data TFT Tdata are
turned off in response to the gate-off voltage Voff. The driving
TFT Td drives the OLED to emit light by controlling the
current Ids supplied to the OLED from the high potential
voltage line 40 in response to the voltage (Vdata-Vref+Vth)
of the storage capacitor Cs supplied to the node N1 via the
merge TFT Tme. The OLED emits light in proportion to
density of the output current Ids of the driving TFT Td. The
current Ids supplied to the OLED through the TFT Td may be
indicated by the following Equation 2.

B B [Equation 2]
s = 55 (Vg = Vi)t — 35 Vaao = Vi + Vi) = Vo l? = 1

B
) S( Vdara -

) Vref )2

In Equation 2, B is a proportion coefficient determined by
the structure (channel width and length) and physical prop-
erties of the driving TFT Td. Referring to Equation 2, since
the threshold voltage Vth is offset in a voltage for determining
the output current Ids of the driving TFT Td, the output
current Ids is not influenced by the threshold voltage Vth of
the driving TFT Td. In addition, since the output current Ids is
proportional to a voltage Vdata—Vref corresponding to a dif-
ference between the data voltage Vdata and the reference
voltage Vref, black luminance of the OLED may be con-
trolled by adjusting the reference voltage Vref. During the
light emitting period, since the driving TFT Td always oper-
ates in a saturation region in which a value obtained by
subtracting the threshold voltage Vth from the gate-source
voltage Vgs is less than or equal to the drain-source voltage,
that is, Vgs-Vth=Vds, degradation of the driving TFT Td
caused by bias stress is very small.

FIG. 6 is an equivalent circuit diagram of the pixel circuit
of FIG. 1 to which p-type TFTs are applied, and FIG. 7 is a
waveform chartillustrating driving of the pixel circuit of FIG.
6.

The pixel circuit of FIG. 1 is comprised only of n-type
TFTs. However, p-type TFTs may be applied to the pixel
circuit as shown in FIG. 6. When comparing the pixel circuit
of FIG. 6 with the pixel circuit of FIG. 1, adriving TFT Td, a
first reset TFT Tresl for controlling the driving TFT Td, a
second reset TFT Tres2, a merge TFT Tme, a reference TFT
Tref, and a data Tdata are comprised of p-type TFTs, an
OLED has a reverse connection structure in which an anode
thereof is connected to a high-potential power line 40 and a
cathode thereof is connected to a third node N3 which is
connected to the driving TFT Td, and a source electrode of the
driving TFT Td is connected to a low-potential power line 42.
Description of parts which are identical to those of FIG. 1 will
be omitted.

Since the pixel circuit of FIG. 6 is comprised of P-type
TFTs, the driving waveform shown in FIG. 7 has polarity
opposite to the driving waveform ofthe n-type TF Ts shown in
FIG. 2. That is, in the driving waveform shown in FIG. 7, a
gate-low voltage Vgl of a low state is used as a gate-on
voltage, and a gate-high voltage Vgh of a high state is used as
a gate-off voltage.

During an initialization period shown in FIG. 7, the first
reset TFT Tresl, the second reset TFT Tres2, and the merge
TFT Tme are turned on in response to the gate-on voltage Von
of an n-th reset signal RSn and an n-th merge signals MSn to
initialize first, second, and third nodes N1, N2, and N3 to an
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initialization voltage (Vini=Voff=Vgh>Vss). In this case, the
OLED is not driven by a negative bias and, instead, serves as
a capacitor Coled.

During a program period shown in FIG. 7, the reference
TFT Tref and the data TFT Tdata are turned on in response to
the gate-on voltage of an n-th scan signal SSn, and the driving
TFT Td is turned on until source-drain current thereof
becomes sufficiently small in response to a reference voltage
Vref. Therefore, a threshold voltage Vth of the driving TFT
Td is detected by using the OLED as the capacitor and a
storage capacitor Cs stores a voltage (Vdata-Vref+Vth) cor-
responding to a data voltage Vdata in which the threshold
voltage Vth is compensated. In this case, since the driving
TFT is not a diode structure in which a gate and drain thereof
are connected, a positive threshold voltage of the p-type driv-
ing TFT Td as well as a negative threshold voltage can be
accurately detected.

During a light emitting period shown in FIG. 7, the merge
TFT Tme is turned on in response to the gate-on voltage Von
of the n-th merge signal MSn, and the driving TFT Td drives
the OLED to emit light in response to the voltage (Vdata—
Vref+Vth) supplied to the node N2 from the storage capacitor
Cs through the merge TFT Tme. Since the driving TFT Td
operates only in a saturation region, degradation of the driv-
ing TFT Td caused by bias stress is very small.

FIG. 8 is an equivalent circuit diagram of a pixel circuit of
an AMOLED display device according to a second exemplary
embodiment of the present invention.

The pixel circuit of FIG. 8 according to the second embodi-
ment is the same as the pixel circuit of FIG. 1 according to the
first embodiment, except that the second electrode of the first
reset TFT Tres1 is connected not to the firstnode N1 but to the
second node N2 and, therefore, description of parts which are
identical to those of FIG. 1 will be omitted. In the pixel circuit
of FIG. 8, during an initialization period, the first and second
reset TETs Tresl and Tres2 and the merge TFT Tme are
turned on by the gate-on voltage Von of the reset signal RSn
and the merge signal MSn to initialize the first, second, and
third nodes N1, N2, and N3 to the initialization voltage Vini.

FIG. 9 is an equivalent circuit diagram of a pixel circuit of
an AMOLED display device according to a third exemplary
embodiment of the present invention.

The pixel circuit of FIG. 9 according to the third embodi-
ment is the same as the pixel circuit of FIG. 1 according to the
first embodiment, except that the second electrode of the first
reset TFT Tres1 is connected not to the firstnode N1 but to the
second node N2, and the second electrode of the second reset
TFT Tres2 is connected not to the third node N3 but to the
second node N2. Therefore, description of parts which are
identical to those of FIG. 1 will be omitted. In the pixel circuit
of FIG. 9, during an initialization period, the first and second
reset TETs Tres1 and Tres2 and the merge TFT Tme are
turned on by the gate-on voltage Von of the reset signal RSn
and the merge signal MSn to initialize the first, second, and
third nodes N1, N2, and N3 to the initialization voltage Vini.

FIG. 10 is an equivalent circuit diagram of a pixel circuit of
an AMOLED display device according to a fourth exemplary
embodiment of the present invention.

The pixel circuit of FIG. 10 according to the fourth
embodiment is the same as the pixel circuit of FIG. 1 accord-
ing to the first embodiment, except that the second electrode
of the first reset TFT Tres1 is connected not to the first node
N1 but to the second node N2, and the second electrode of the
second reset TFT Tres2 is connected not to the third node N3
but to the first node N1. Therefore, description of parts which
are identical to those of FIG. 1 will be omitted. In the pixel
circuit of FIG. 10, during an imitialization period, the first and
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10
second reset TFTs Tres1 and Tres2 and the merge TFT Tme
are turned on by the gate-on voltage Von of the reset signal
RSn and the merge signal MSn to initialize the first, second,
and third nodes N1, N2, and N3 to the initialization voltage
Vini.

FIG. 11 is an equivalent circuit diagram of a pixel circuit of
an AMOLED display device according to a fifth exemplary
embodiment of the present invention, and FIG. 12 is a driving
waveform chart of the pixel circuit of FIG. 11.

The pixel circuit of FIG. 10 according to the fifth embodi-
ment is the same as the pixel circuit of FIG. 1 according to the
first embodiment, except that a third reset TFT Tres3 is addi-
tionally included, and therefore, description of parts which
are identical to those of FIG. 1 will be omitted. The third reset
TFT Tres3 has a gate electrode connected to the n-th reset line
36n, a first electrode connected to the high-potential power
line 40, and a second electrode connected to the second node
N2. The first electrode and the second electrode of the third
reset TFT Tres3 correspond to a source electrode or a drain
electrode according to current direction. The third reset TFT
Tres3 initializes the second node N2 to the high potential
voltage Vdd during an initialization period in response to the
reset signal RSn supplied to the n-th reset line 36x or the
gate-on voltage Von of the scan signal SSn-1 supplied to the
(n-1)-th scan line 30»-1.

When comparing the driving waveforms shown in FIG. 2
with the driving waveforms shown in FIG. 12, the merge
signal MSn supplied to the n-th merge line 34n applies the
gate-off voltage Voff only during the program period in FIG.
2 while the merge signal MSn supplied to the n-th merge line
34n applies the gate-off voltage Voff during both the initial-
ization period and the program period in FIG. 12. Further, in
FIG. 2, the gate-off voltage Voff of the previous stage (n-1)-th
merge signal MSn-1 is used as the initialization voltage Vini
while in FIG. 12, the initialization voltage Vini is fixed to a
DC voltage.

During the initialization period shown in FIG. 12, the first
and second reset TFTs Tres1 and Tres2 initialize the first and
third nodes N1 and N3 to the initialization voltage Vini in
response to the reset signal RSn supplied to the n-th reset line
36n or the gate-on voltage Von of the scan signal SSn-1
supplied to the (n-1)-th scan line 30%-1. The third reset TFT
Tres3 initializes the second node N2 to the high potential
voltage Vdd. The merge TFT Tme is turned off in response to
the gate-off voltage Voff of the merge signal MSn supplied to
the n-th merge line 34n.

During the program period shown in FIG. 12, the reference
TFT Tref supplies the reference voltage Vref'to the first node
N1 in response to the gate-on voltage Von of the scan signal
SSn supplied to the n-th scan line 307, and the data TFT Tdata
supplies the data voltage Vdata to the second node N2. If the
data voltage Vdatais supplied through the turned-on data TFT
Tdata, a voltage of the second node N2 varies from the high
potential voltage Vdd to the data voltage Vdata, and a voltage
of the third node N3 varies in proportion to a variation Vdata-
Vdd of the voltage of the second node N2 as indicated by the
following Equation 3.

[Equation 3]

Vi = Vi + (Vi = Vi) —— |
Coled + Cs

In this case, since the voltage VN3 of the third node N3 is
lower than the low potential voltage V'ss, the OLED serving as
the capacitor Coled accumulates charges through the driving
TFT Td until a potential of the third node N3 is a value
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(Vref=Vth) obtained by subtracting the threshold voltage Vth
of the driving TFT Td from the reference voltage Vref, that is,
the output current Ids of the driving TFT Td is sufficiently
small. As a result, the storage capacitor Cs stores a voltage
(Vdata-Vref+Vth) corresponding to a difference between the
data voltage Vdata supplied via the turned-on data TFT Tdata
and the voltage (Vref-Vth) supplied to the third node N3,
thereby storing the voltage (Vdata-Vref+Vth) corresponding
to the data voltage Vdata in which the threshold voltage Vth is
compensated.

During a light emitting period shown in FIG. 12, the merge
TFT Tme is turned on in response to the gate-on voltage of the
merge signal MSn supplied to the n-th merge line 34». The
driving TFT Td controls the source-drain current Ids in
response to the voltage (Vdata-Vref+Vth) of the storage
capacitor Cs supplied to the first node N1 through the turned-
on merge TFT Tme, thereby driving the OLED to emit light.

FIG. 13 is an equivalent circuit diagram of a pixel circuit of
an AMOLED display device according to a sixth exemplary
embodiment of the present invention.

The pixel circuit of FIG. 13 according to the sixth embodi-
ment is the same as the pixel circuit of FIG. 1 according to the
first embodiment, except that a capacitor Cd is used instead of
the reference TFT Tref and, therefore, description of parts
which are identical to those of FIG. 1 will be omitted. The
capacitor Cd is connected between the n-th scan line 30 and
the first node N1. If the n-th scan signal SSn varies to the
gate-on voltage Von from the gate-off voltage Voff during the
program period shown in FIG. 2, a voltage of the first node N1
increases in proportion to the product of the varied voltage of
the n-th scan signal and a ratio Cd/Ctotal of a capacitance of
the capacitor Cd to a total capacitance Ctotal including a
parasitic capacitance. Thus, during a program period, the
capacitor Cd supplies a voltage similar to the reference volt-
age Vref'to the first node N1, like the reference TFT Tref of
FIG. 1, to drive the driving TFT Td until the source-drain
current Ids of the driving TFT Td is sufficiently small, so that
the threshold voltage Vth can be detected.

As described above, the voltage compensation type pixel
circuit of the AMOLED display device according to the
present invention detects the threshold voltage Vth using the
OLED as the capacitor Coled without constructing the driv-
ing TFT Td as a diode structure during a program period.
Therefore, a negative threshold voltage as well as a positive
threshold voltage can be detected irrespective of n-type TFTs
and p-type TFTs, and thus the threshold voltage Vth can be
accurately detected in a variety of voltage ranges.

The voltage compensation type pixel circuit of the
AMOLED display device according to the present invention
uses a connection structure in which the driving TFT Td and
the OLED are serially connected between the high-potential
power line 40 and the low-potential power line 42 and uses the
OLED as the capacitor Coled by applying a negative bias to
the OLED during an initialization period and a program
period. Accordingly, unnecessary luminance is prevented by
emitting the OLED only during a light emitting period and
thus contrast can be raised.

The voltage compensation type pixel circuit of the
AMOLED display device according to the present invention
causes the driving TFT Td to always operate in a saturation
region during a light emitting period and thus TFT degrada-
tion caused by bias stress is small.

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

The invention claimed is:

1. A voltage compensation type pixel circuit of an organic
light emitting diode for driving a light emitting element,
comprising:

a driving transistor serially connected to the light emitting
element between a high-potential power line and a low-
potential power line to drive the light emitting element in
response to a voltage supplied to a first node;

a program transistor that supplies a data voltage of a data
line to a second node in response to a scan signal of a
scan line;

a merge transistor that connects the first node and the
second node in response to a merge signal of a merge
line;

a storage capacitor connected between a third node and the
second node to store a voltage which corresponds to the
data voltage in which the threshold voltage is compen-
sated, wherein the third and second nodes are interposed
between the driving transistor and the light emitting
element;

first and second reset transistors that initialize at least two
of the first, second, and third nodes to an initialization
voltage of an initialization voltage line in response to a
reset signal of a reset line; and

a capacitor connected between the scan line and the first
node to supply a reference voltage to the first node
according to variation of the scan signal.

2. The voltage compensation type pixel circuit of claim 1,
wherein a negative bias is applied to the light emitting ele-
ment during the initialization period and the program period
to use the light emitting element as the capacitor, and a posi-
tive bias is applied to the light emitting element only during
the light emitting period to drive the light emitting element.

3. The voltage compensation type pixel circuit of claim 2,
wherein, during the program period, the capacitor of the light
emitting element accumulates charges through the driving
transistor until a potential of the third node reaches a voltage
corresponding to a difference between the reference voltage
and the threshold voltage, and the storage capacitor stores a
voltage corresponding to a difference between voltages of the
second and third nodes, and

during the light emitting period, the driving transistor sup-
plies current proportional to the square of a voltage
(Vdata-Vref) corresponding to a difference between the
data voltage and the reference voltage to the light emit-
ting element.

4. The voltage compensation type pixel circuit of claim 2,
wherein the transistors of the pixel circuit are n-type transis-
tors and detect a positive threshold voltage or a negative
threshold voltage during the program period.

5. The voltage compensation type pixel circuit of claim 2,
wherein the transistors of the pixel circuit are p-type transis-
tors and detect a positive threshold voltage or a negative
threshold voltage during the program period.

6. The voltage compensation type pixel circuit of claim 2,
wherein black luminance of the light emitting element is
controlled by adjusting the reference voltage.

7. The voltage compensation type pixel circuit of claim 2,
wherein the driving transistor is always driven in a saturation
region.
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