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(57) ABSTRACT

A pixel circuit, comprises two sub-pixel circuits (P1, P2) and
a sixth switch unit (T6); a first terminal of the sixth switch
unit (T6) is connected to an operating voltage line (Vdd),
and a control terminal of the sixth switch unit is connected
to a first scan signal line (Em); each of the sub-pixel circuits
(P1, P2) comprises five switch units (T1, T2, T3, T4, T5), a
driving unit (DT), a energy storage unit (C) and an elec-
troluminescent unit (L), a first switch unit (T1) and a fourth
switch unit (T4) in a first sub-pixel circuit (P1) share a scan
signal line (Scan[3]) with a first switch unit (T1") and a
fourth switch unit (T4') in a second sub-pixel circuit (P2),
and a third switch unit (T3) in the first sub-pixel circuit (P1)
share a scan signal line (Scan[2]) with a third switch unit
(T3') in the second sub-pixel circuit (P2). The pixel circuit
completely solves the problem of non-uniformity in the
display brightness due to drifting of the threshold voltage of
the driving transistor. Meanwhile, one compensation circuit
is used to drive two pixels, and two adjacent pixels share
multiple signal lines, which can reduce the number of signal
lines for the pixel circuit in a display apparatus, lower the
cost of the integration circuit, decrease the pixel pitch, and
increase the pixel density.
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PIXEL CIRCUIT AND DISPLAY APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the National Stage of PCT/CN2014/
087582 filed on Sep. 26, 2014, which claims priority under
35U.8.C. §119 of Chinese Application No. 201410265700.3
filed on Jun. 13, 2014, the disclosure of which 1s incorpo-
rated by reference.

TECHNICAL FIELD OF THE DISCLOSURE

The present disclosure relates to a pixel circuit and a
display apparatus.

BACKGROUND

Nowadays, organic light emitting displays (OLED) have
become one of the hotspots in the study field of flat panel
displays. Compared with liquid crystal displays, OLED has
the advantages of low power consumption, low production
cost, self light emitting, wide viewing angle and fast
response and so on. Currently, OLED has begun to replace
the traditional liquid crystal displays (LCD) in the display
areas such as mobile-phones, PDAs and digital cameras.
Pixel driving circuit design is the core technical content of
OLED displays and has important meaning for the study.

OLED is current-driven and needs a stable current to
control light emission, which is different from the TFT (Thin
Film Transistor)-LCD that uses a stable voltage to control
brightness.

Due to process technology, device aging and other rea-
sons, in the original 2T1C driving circuit (comprising two
thin film transistors and one capacitor), the threshold volt-
ages of driving TFTs at each pixel are not uniform, which
causes changes in the current flowing through the OLED at
each pixel so that the display brightness are not uniform,
thus affecting the display effect of the entire image.

In the known technology, one pixel circuit generally
corresponds to one pixel. Each pixel circuit comprises at
least one data voltage line, one operating voltage line and a
plurality of scanning signal lines, which causes the corre-
sponding production process more complicated, and not
conducive to reducing the pixel pitch.

SUMMARY

In one embodiment of the present disclosure, there is
provided a pixel circuit comprising two sub-pixel circuits,
each of which comprises a first to a fifth switch units, a
driving unit, an energy storage unit and an electrolumines-
cent unit; wherein, a first terminal of the first switch unit is
connected to a first terminal of the energy storage unit, a
second terminal of the first switch unit is grounded. and the
first switch unit is configured to ground the first terminal of
the energy storage unit under the control of a scan signal line
connected to a control terminal of the first switch unit; a first
terminal of the second switch unit is connected to a data
voltage line, a second terminal of the second switch unit is
connected to the first terminal of the energy storage unit, and
the second switch unit is configured to write the voltage in
the data voltage line into the first terminal of the energy
storage unit under the control of a scan signal line connected
to a control terminal of the second switch unit; a first
terminal of the third switch unit is connected to the second
terminal of the energy storage unit, a second terminal of the
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third switch unit is grounded, and the third switch unit is
configured to ground the second terminal of the energy
storage unit under the control of a scan signal line connected
to a control terminal of the third switch unit; a first terminal
of the fourth switch unit is connected to an output terminal
of the driving unit, a second terminal of the fourth switch
unit is connected to the second terminal of the energy
storage unit, and the forth switch unit is configured to
connect the output terminal of the driving unit to a control
terminal of the driving unit under the control of a scan signal
line connected to a control terminal of the fourth switch unit;
a first terminal of the fifth switch unit is connected to the
output terminal of the driving unit, a second terminal of the
fifth switch unit is connected to the electroluminescent unit,
and the fifth switch unit is configured to introduce a driving
current provided by the driving unit into the electrolumi-
nescent unit under the control of a scan signal line connected
to a control terminal of the fifth switch unit; the control
terminal of the driving unit is connected to the second
terminal of the energy storage unit; in the two sub-pixel
circuits, the control terminals of the first switch unit and the
fourth switch unit are connected to a third scan signal line,
and the control terminals of the third switch unit are con-
nected to a second scan signal line; the control terminals of
the second switch unit and the fifth switch unit in a first
sub-pixel circuit are connected to a first scan signal line, and
the control terminals of the second switch unit and the fifth
switch unit in a second sub-pixel circuit are connected to a
fourth scan signal line; the pixel circuit further comprises a
sixth switch unit, a first terminal of which is connected to an
operating voltage line, a second terminal of which is con-
nected to the input terminals of the driving units of the two
sub-pixel circuits respectively, and a control terminal of
which is connected to a fifth scan signal line, and the sixth
switch unit is configured to provide an operating voltage for
the driving unit under the control of the fifth scan signal line.

Alternatively, the switch units and the driving units are
thin film transistors, the control terminal of each switch unit
is a gate of the thin film transistor, the first terminal of each
switch unit is a source of the thin film transistor, and the
second terminal of each switch unit is a drain of the thin film
transistor. The input terminal of said driving unit is a source
of the thin film transistor, the control terminal of said driving
unit is a gate of the thin film transistor, and the output
terminal of said driving unit is a drain of the thin film
transistor.

Alternatively, all of the thin film transistors are of P
channel type.

Alternatively, the energy storage unit is a capacitor.

Alternatively, the electroluminescent unit is an organic
light emitting diode.

In another embodiment of the present disclosure, there is
further provided a display apparatus comprising the pixel
circuit according to any one of the above.

Alternatively, two sub-pixel circuits of the pixel circuit
are located respectively within two adjacent pixels.

Alternatively, the two adjacent pixels are located respec-
tively at two sides of the data voltage line.

Alternatively, the two adjacent pixels are located at a
same side of the data voltage line.

In the pixel circuit provided by the embodiment of the
present disclosure, the operating current flowing through the
electroluminescent unit is not affected by the threshold
voltage of the corresponding driving transistor, thus the
problem that the display brightness is uneven due to the drift
of the threshold voltage of the driving transistor is addressed
thoroughly. Meanwhile, the driving of two pixels is accom-
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plished using one compensation circuit, and two adjacent
pixels use multiple signal lines in common, which can
reduce the number of signal lines for the pixel circuit in the
display apparatus and lower the cost of the integration
circuit, as well as can shorten the pixel pitch and increase the
pixel density.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic structural diagram of a pixel circuit
provided by an embodiment of the present disclosure;

FIG. 2 is a timing chart of critical signals in a pixel circuit
provided by an embodiment of the present disclosure;

FIGS. 3(a) to (e) are a schematic diagram of the flowing
direction of a current and a voltage value in different timings
of a pixel circuit in an embodiment of the present disclosure;

FIG. 4 is a schematic diagram of a position relationship
between the pixel circuit and the pixel in a display apparatus
provided by an embodiment of the present disclosure; and

FIG. 5 is a schematic diagram of another position rela-
tionship between the pixel circuit and the pixel in a display
apparatus provided by an embodiment of the present dis-
closure.

DETAILED DESCRIPTION

In the following, specific implements of the present
disclosure are further described in conjunction with attached
drawings and embodiments. The following embodiments are
only used for explaining the technical solution of the present
disclosure more clearly, but not for limiting the protection
scope of the present disclosure.

In one embodiment of the present disclosure, there is
provided a pixel circuit, as shown in FIG. 1 or FIGS.
3(a)-(e), comprising two sub-pixel circuits P1 and P2,
wherein each of the sub-pixel circuit comprises five switch
units T1, T2, T3, T4, T5, one driving unit DT, one energy
storage unit C, and one electroluminescent unit L (to facili-
tate the distinction, in FIG. 1 or FIGS. 3(a)-(e), the five
switch units in P2 are denoted as T1', T2', T3', T4' and T5'
respectively, the driving unit is denoted as DT', the energy
storage unit is denoted as C', and the electroluminescent unit
is denoted as L', the same below); a first terminal of T1 is
connected to a first terminal of C, terminal al, (as shown in
the figure, a second terminal of C is terminal b1, for C', a first
terminal thereof is terminal a2 and a second terminal thereof
is terminal b2), a second terminal of T1 is grounded, and T1
is configured to ground the first terminal al of the energy
storage unit C under the control of a scan signal line
connected to a control terminal of T1; a first terminal of T2
1s connected to the terminal al of C, a second terminal of T2
is connected to a data voltage line V., and T2 is config-
ured to write the voltage in the data voltage line into the first
terminal of the energy storage unit C under the control of a
scan signal line connected to a control terminal of T2; a first
terminal of T3 is connected to the terminal b1, a second
terminal of T3 is grounded, and T3 is configured to ground
the second terminal b1 of the energy storage unit C under the
control of a scan signal line connected to a control terminal
of T3; a first terminal of T4 is connected to an output
terminal of DT, a second terminal of T4 is connected to the
terminal bl, and T4 is configured to connect the output
terminal of the driving unit DT to a control terminal of the
driving unit DT under the control of a scan signal line
connected to a control terminal of T4; a first terminal of T5
is connected to the output terminal of DT, a second terminal
of T5 is connected to L, and T5 is configured to introduce a
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driving current provided by the driving unit DT into the
electroluminescent unit [, under the control of a scan signal
line connected to a control terminal of T5; the control
terminal of the driving unit DT is connected to the terminal
b1; in the two sub-pixel circuits P1 and P2, control terminals
of T1 and T4 are connected to a third scan signal line
Scan[3], and the control terminal of the third switch unit T3
is connected to a second scan signal line Scan|2]; the control
terminals of T2 and T5 in a first sub-pixel circuit P1 are
connected to a first scan signal line Scan[1]; the control
terminals of T2' and T5' in a second sub-pixel circuit P2 are
connected to a fourth scan signal line Scan[4]; in addition to
the two sub-pixel circuits P1 and P2, the pixel circuit further
comprises a sixth switch unit T6, a first terminal of which is
connected to an operating voltage line V ;, a second termi-
nal of which is connected to input terminals of the two
driving units DT and DT', a control terminal of which is
connected to a fifth scan signal line Em, and T6 is configured
to provide an operating voltage for the driving unit DT under
the control of the fifth scan signal line Em.

It can be understood that, in one embodiment of the
present disclosure, the plurality of switch units whose con-
trol terminals are connected to the same scanning signal line
(for example, the four switch units T1, T1', T4 and T4'
connected to Scan|3], the two switch units T2, T5 connected
to Scan[1], and the two switch units T3 and T3' connected
to Scan|2]) should be switches of the same channel type, that
is, are all turned on by a high level or all turned on by a low
level, thus ensuring the turn-on or turn-off states of the two
switch units connected to the same scanning signal line are
the same.

In the pixel circuit provided by the embodiment of the
present disclosure, the operating current flowing through the
electroluminescent unit is not affected by the threshold
voltage of the corresponding driving transistor, which com-
pletely solves the problem of non-uniformity in the display
brightness due to drifting of the threshold voltage of the
driving transistor. Meanwhile, one compensation circuit is
used to drive two pixels, which narrows down the number of
TFT devices for compensation, and reduces the number of
data voltage lines by one, thus the number of signal lines. In
this way, it is possible to reduce the pixel pitch significantly
and lower the IC cost, thus obtaining a higher pixel density.

Alternatively, the switch units and the driving units are
thin film transistors (TFTs). The control terminal of each
switch unit is a gate of the thin film transistor, the first
terminal of each switch unit is a source of the thin film
transistor, and the second terminal of each switch unit is a
drain of the thin film transistor. The input terminal of each
driving unit is a source of the thin film transistor, the control
terminal of each driving unit is a gate of the thin film
transistor, and the output terminal of each driving unit is a
drain of the thin film transistor. Of course, the switch units
and the driving units may also be other suitable devices or
a combination of the devices.

Further, in an embodiment of the present embodiment, all
of the TFTs are of P channel type. By using the same type
of transistors, it is possible to unify production process,
thereby improving the product yield. The skilled in the art
will understand that, in practice, the types of respective
transistors may not be identical. For example, T2 and T5
may be a N-channel transistor, while T2' and T5' may be a
P-channel transistor. As long as the turn-on/turn-off states of
the two switch units whose control terminals are connected
to the same scanning signal line are identical, the technical
solution provided by the present application can be realized.
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The exemplary embodiments of the present disclosure
should not be construed as limiting the protection scope of
the present disclosure.

Alternatively, the energy storage unit C is a capacitor. Of
course, in practice, other elements with energy storage
function can also be adopted according to the design require-
ments.

Alternatively, the electroluminescent unit L can be an
organic light emitting diode (OLED). Of course, other
elements with electroluminescent function can also be
adopted according to the design requirements.

In the following, the detailed explanation of the work
principle of the pixel circuit provided by an exemplary
embodiment of the present disclosure is made in conjunction
with FIG. 2 and FIGS. 3(a)-(e). FIG. 2 shows a time
sequence diagram of scanning signals input into respective
scanning signal lines when the pixel circuit provided by the
present disclosure is working. It can be divided into five
stages, which are respectively represented in FIG. 2 as a
reset stage W1, a discharge stage W2, a first pixel compen-
sation stage W3, a second pixel compensation stage W4, and
a light emitting stage W5. In each stage, the current flow
directions and voltage values of the pixel circuit are shown
in FIG. 3 (a), FIG. 3(b), FIG. 3(c), FIG. 3(d) and FIG. 3(e¢)
respectively. To facilitate explanation, it is assumed that the
respective switch units are all TFTs of P channel type.

At the reset stage W1, as shown in FIG. 2, Scan|2] is at
alow level, and the other scan signal lines are at high levels.
At this time, as shown in FIG. 3(a), T3 and T3' are turned
on, the other TFTs are all turned off, the terminal b1 of the
capacitor C and the terminal b2 of the capacitor C' are
grounded at the same time, and the potentials at the two
points are OV.

At the discharge stage W2, as shown in FIG. 2, the Em
and Scan[3] are at low levels, the other scan signal lines are
at high levels, and V. =V,, with V, being the voltage
corresponding to the light emitting L this time. At this time,
Te6,T1, T1', T4 and T4' are turned on, the other TFTs are all
turned off, and the flowing direction of the current is as
shown by Lb and Lb' in FIG. 3(b). After the discharge, the
potential at point bl is V,;,~V,,,, and the potential at point
b2is V-V, During this discharge procedure, the current
still doesn’t flow through the OLED. Points al and a2 are
grounded, and their potentials are OV. At this time, the
voltage difference between al and bl is V-V, and the
voltage difference between a2 and b2 is V,~V,,,, with V|
and V, , being the threshold voltages of DT and DT respec-
tively.

At the first pixel compensation stage W3, as shown in
FIG. 2, Scan[1] is at a low level, the other scan signal lines
are at high levels, and V ,,,,=V,. At this time, T2 and T5 are
turned on, and the other TFTs are turned off. As shown in
FIG. 3(c), at this time, the potential at point al is changed
into the potential V1 of V. while point bl is in a floating
state. Thus, if the original voltage difference (V_~V,,,)
between the two points al and b1 is to be maintained, an
equal-voltage jump will occur in the potential at point b1,
and the potential at point bl will jump to V-V, +V,.

At the second pixel compensation stage W4, as shown in
FIG. 2, Scan[4] is at a low level, the other scan signal lines
are at high levels, and V=V, with V, being the voltage
corresponding to the light emitting L' this time. At this time,
T2"and T%' are turned on, and the other TFTs are turned off.
As shown in FI1G. 3(d), at this time, the potential at point a2
is changed into the potential V2 of V ;. while point b2 is
in a floating state. Thus, if the original voltage difference
(V,~Vy,2) between the two points a2 and b2 is to be
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maintained, an equal-voltage jump will occur in the poten-
tial at the gate of DT' (point b1), and the potential at point
b2 will jump to V_,,-V,,,+V,.

At the light emitting stage W5, as shown in FIG. 2, among
the scan signal lines, the Em, Scan[1] and Scan[4] are at low
levels, and the other scan signal lines are at high levels. At
this time, T6, T2, T5, T2', T§', DT and DT" are turned on, and
the other TFTs are turned off. V ;, supplies a current to L and
L' along Le in FIG. 3(e) to make L, and L' emit light.

It can be known from the saturation current formula that
the current flowing through L at this time [=K(V s~
Vo Vi (VarVa #V D=V P=KH(V )%

Similarly, I, /K*(V,)*.

As can be seen from the above formula, at this time, the
operating current flowing through the two electrolumines-
cent units is not affected by the threshold voltages of the
driving transistors, and is only related to the data voltage
V juta- The problem of threshold voltage (V) drift of the
driving TFT due to the process technology and the long-time
operation is completely solved, thus eliminating its influence
on the current flowing through the electroluminescent unit,
and ensuring the normal operation of the electroluminescent
unit. Meanwhile, in the embodiment of the present disclo-
sure, two pixels share the same data voltage line and the
same operating voltage line, and use only three scan signal
lines, thereby reducing the number of the corresponding
signal lines significantly, lowering the cost of the integration
circuit, decreasing the pixel pitch and increasing the pixel
density.

Based on the same conception, in another embodiment of
the present disclosure, there is further provided a display
apparatus comprising the pixel circuit as shown by any one
as described above.

Alternatively, in the display apparatus, the two sub-pixel
circuits of the pixel circuit are positioned within two adja-
cent pixels respectively. In this way, components and parts
can be distributed more uniformly on the respective sub-
strates.

Alternatively, the two adjacent pixels are positioned on
the same side of their data voltage line. FIG. 4 shows a case
in which two adjacent pixels corresponding to one pixel
circuit PU are at one side of the their corresponding data
voltage line V.. Alternatively, the two adjacent pixels are
positioned on both sides of their data voltage line respec-
tively. FIG. 5 shows a case in which two adjacent pixels
corresponding to one pixel circuit PU are at both sides of the
their corresponding data voltage line V.

The display apparatus can be any products or means with
a display function, such as electronic paper, mobile phones,
tablets, televisions, displays, notebook computers, digital
photo frames and navigators, etc.

The above descriptions are only preferred implementa-
tions of the present disclosure. It should be noted that an
ordinary skilled person in the art can also make a number of
improvements and modifications without departing from the
technical principle of the present disclosure, and these
improvements and modifications should also be considered
as within the protection scope of the present disclosure.

The present application claims the priority of Chinese
Patent Application No. 201410265700.3 filed on Jun. 13,
2014, entire content of which is incorporated as part of the
present application by reference.
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What is claimed is:
1. A pixel circuit comprising two sub-pixel circuits,

wherein

each of the sub-pixel circuits comprises a first to a fifth
switch units, a driving unit, an energy storage unit and 5
an electroluminescent unit;

a first terminal of the first switch unit is connected to a first
terminal of the energy storage unit, a second terminal of
the first switch unit is grounded, and the first switch
unit is configured to ground the first terminal of the
energy storage unit under the control of a scan signal
line connected to a control terminal of the first switch
unit;

a first terminal of the second switch unit is connected to
a data voltage line, a second terminal of the second
switch unit is connected to the first terminal of the
energy storage unit, and the second switch unit is
configured to write the voltage in the data voltage line
into the first terminal of the energy storage unit under
the control of a scan signal line connected to a control
terminal of the second switch unit;

a first terminal of the third switch unit is connected to the
second terminal of the energy storage unit, a second
terminal of the third switch unit is grounded, and the
third switch unit is configured to ground the second
terminal of the energy storage unit under the control of
a scan signal line connected to a control terminal of the
third switch unit;

a first terminal of the fourth switch unit is connected to an
output terminal of the driving unit, a second terminal of
the fourth switch unit is connected to the second
terminal of the energy storage unit, and the forth switch
unit is configured to connect the output terminal of the
driving unit to a control terminal of the driving unit
under the control of a scan signal line connected to a
control terminal of the fourth switch unit;

a first terminal of the fifth switch unit is connected to the
output terminal of the driving unit, a second terminal of
the fifth switch unit is connected to the electrolumi-
nescent unit, and the first switch unit is configured to
introduce a driving current provided by the driving umit
into the electroluminescent unit under the control of a
scan signal line connected to a control terminal of the
fifth switch unit;

the control terminal of the driving unit is connected to the
second terminal of the energy storage unit;

in the two sub-pixel circuits, the control terminals of the
first switch unit and the fourth switch unit are con-
nected to a third scan signal line, and the control
terminals of the third switch unit are connected to a
second scan signal line; the control terminals of the
second switch unit and the fifth switch unit in a first
sub-pixel circuit are connected to a first scan signal
line, and the control terminals of the second switch unit
and the fifth switch unit in a second sub-pixel circuit are
connected to a fourth scan signal line;

the pixel circuit further comprises a sixth switch unit, a
first terminal of which is connected to an operating
voltage line, a second terminal of which is connected to
the input terminals of the driving units of the two
sub-pixel circuits respectively, and a control terminal of
which is connected to a fifth scan signal line, and the
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sixth switch unit is configured to provide an operating
voltage for the driving unit under the control of the fifth
scan signal line.

2. The pixel circuit according to claim 1, wherein the
switch units and the driving units are thin film transistors,
the control terminal of each switch unit is a gate of the thin
film transistor, the first terminal of each switch unit is a
source of the thin film transistor, the second terminal of each
switch unit is a drain of the thin film transistor, the input
terminal of the driving unit is a source of the thin film
transistor, the control terminal of the driving unit is a gate of
the thin film transistor, and the output terminal of the driving
unit is a drain of the thin film transistor.

3. The pixel circuit according to claim 2, wherein all of the
respective thin film transistors are of P channel type.

4. The pixel circuit according to claim 1, wherein the
energy storage unit is a capacitor.

5. The pixel circuit according to claim 1, wherein the
electroluminescent unit is an organic light emitting diode.

6. A display apparatus comprising the pixel circuit accord-
ing to claim 1.

7. The display apparatus according to claim 6, wherein
two sub-pixel circuits of the pixel circuit are located respec-
tively within two adjacent pixels.

8. The display apparatus according to claim 7, wherein the
two adjacent pixels are located respectively at two sides of
the data voltage line.

9. The display apparatus according to claim 7, wherein the
two adjacent pixels are located at a same side of the data
voltage line.

10. The pixel circuit according to claim 2, wherein the
energy storage unit is a capacitor.

11. The pixel circuit according to claim 3, wherein the
energy storage unit is a capacitor.

12. The pixel circuit according to claim 2, wherein the
electroluminescent unit is an organic light emitting diode.

13. The pixel circuit according to claim 3, wherein the
electroluminescent unit is an organic light emitting diode.

14. The pixel circuit according to claim 4, wherein the
electroluminescent unit is an organic light emitting diode.

15. The pixel circuit according to claim 10, wherein the
electroluminescent unit is an organic light emitting diode.

16. The pixel circuit according to claim 11, wherein the
electroluminescent unit is an organic light emitting diode.

17. The display apparatus according to claim 6, wherein
the switch units and the driving units are thin film transis-
tors, the control terminal of each switch unit is a gate of the
thin film transistor, the first terminal of each switch unit is
a source of the thin film transistor, the second terminal of
each switch unit is a drain of the thin film transistor, the input
terminal of the driving unit is a source of the thin film
transistor, the control terminal of the driving unit is a gate of
the thin film transistor, and the output terminal of the driving
unit is a drain of the thin film transistor.

18. The display apparatus according to claim 17, wherein
all of the respective thin film transistors are of P channel
type.

19. The display apparatus according to claim 6, wherein
the energy storage unit is a capacitor.

20. The display apparatus according to claim 6, wherein
the electroluminescent unit is an organic light emitting
diode.
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