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Description

FIELD OF INVENTION

[0001] The present invention relates to a light emitting device displays, and more specifically to a driving technique
for the light emitting device displays.

BACKGROUND OF THE INVENTION

[0002] Recently active-matrix organic light-emitting diode (AMOLED) displays with amorphous silicon (a-Si), poly-
silicon, organic, or other driving backplane technology have become more attractive due to advantages over active
matrix liquid crystal displays. An AMOLED display using a-Si backplanes, for example, has the advantages which include
low temperature fabrication that broadens the use of different substrates and makes flexible displays feasible, and its
low cost fabrication is well-established and yields high resolution displays with a wide viewing angle.
[0003] An AMOLED display includes an array of rows and columns of pixels, each having an organic light-emitting
diode (OLED) and backplane electronics arranged in the array of rows and columns. Since the OLED is a current driven
device, the pixel circuit of the AMOLED should be capable of providing an accurate and constant drive current.
[0004] One method that has been employed to drive the AMOLED display is programming the AMOLED pixel directly
with current. However, the small current required by the OLED, coupled with a large parasitic capacitance, undesirably
increases the settling time of the programming of the current-programmed AMOLED display. Furthermore, it is difficult
to design an external driver to accurately supply the required current. For example, in CMOS technology, the transistors
must work in sub-threshold regime to provide the small current required by the OLEDs, which is not ideal. Therefore, in
order to use current-programmed AMOLED pixel circuits, suitable driving schemes are desirable.
[0005] Current scaling is one method that can be used to manage issues associated with the small current required
by the OLEDs. In a current mirror pixel circuit, the current passing through the OLED can be scaled by having a smaller
drive transistor as compared to the mirror transistor. However, this method is not applicable for other current-programmed
pixel circuits. Also, by resizing the two mirror transistors the effect of mismatch increases.
[0006] Patent application publication CA 2523841 A provides an active matrix light emitting device display and its
driving technique is provided. The pixel includes a light emitting device and a plurality of transistors. A capacitor may
be used to store a voltage applied to a driving transistor so that a current through the light emitting device is independent
of any shifts of the transistor and light emitting device characteristics. A bias data and a programming data are provided
to the pixel circuit in accordance with a driving scheme.
[0007] Patent application publication US 2006/145967 A relates to an organic electro-luminescence device that in-
cludes a drive unit having first to fourth transistors and a capacitor, and an organic light emitting diode (OLED) controlled
by the drive unit, wherein the first transistor has its gate, drain and source connected to a first node, a second node and
a power voltage supply line, respectively; the second transistor has its drain and source connected to the OLED and
the second node, respectively; the third transistor has its gate, drain and source connected to a first select signal line,
the second node and the first node, respectively; the fourth transistor has its gate, drain and source connected to the
first select signal line, a data line, and the second node, respectively; and the capacitor is connected to the first node
and a predetermined signal line.
[0008] Patent application publication US 2006/0077194 A1 describes another pixel circuit of an active matrix OLED
display addressing transistor threshold voltage variations and voltage drop on the power supply lines. The pixel circuit
comprises a first switching transistor (M1) connecting the data line (Dm) to a first node (A) in response to a first scan
line signal (S1.n), a fourth switching transistor (M5) connecting the pixel power line (Vdd) to a third node (C) in response
to a third scan line signal (S3.n), a capacitor (Cst) connected between the first node (A) and the third node (C), a third
switching transistor (M3) connecting the first node (A) to a second node (B) in response to a second scan line signal
(S2.n), a driving transistor (M4) for supplying current from the third node (C) to an OLED according to the voltage of the
second node (B) applied to its gate electrode, a second switching transistor (M2) supplying a compensation power (Vinit)
to the second node (B) in response to the first scan line signal (S1.n), and a fifth switching transistor(M6) short-circuiting
the OLED in response to the third scan line signal (S3.n).

SUMMARY OF THE INVENTION

[0009] It is an object of the invention to provide a pixel circuit and a display system comprising same that obviate or
mitigate at least one of the disadvantages of existing systems.
[0010] This object is solved by the present invention as claimed in the appended independent claims. Advantageous
embodiments of the present invention are defined by the appended dependent claims.
[0011] In accordance with a comparative example there is provided a pixel circuit, which includes a light emitting
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device, a driving transistor for providing a pixel current to the light emitting device, a storage capacitor provided between
a data line for providing programming voltage data and the gate terminal of the driving transistor, a first switch transistor
provided between the gate terminal of the driving transistor and the light emitting device, and a second switch transistor
provided between the light emitting device and a bias line for providing a bias current to the first terminal of the driving
transistor during a programming cycle.
[0012] In accordance with a further comparative example there is provided a pixel circuit, which includes a light emitting
device, a storage capacitor, a driving transistor for providing a pixel current to the light emitting device, a plurality of first
switch transistors operated by a first select line, one of the first switch transistors being provided between the storage
capacitor and a data line for providing programming voltage data, a plurality of second switch transistors operated by a
second select line, one of the second switch transistor being provided between the driving transistor and a bias line for
providing a bias current to the first terminal of the driving transistor during a programming cycle; and an emission control
circuit for setting the pixel circuit into an emission mode.
[0013] In accordance with a further comparative example there is provided a display system, which includes a pixel
array having a plurality of pixel circuits, a first driver for selecting the pixel circuit, a second driver for providing the
programming voltage data, and a current source for operating on the bias line.
[0014] In accordance with a further comparative example there is provided a method of driving a pixel circuit, the pixel
circuit having a driving transistor for providing a pixel current to a light emitting device, a storage capacitor coupled
to a data line, and a switch transistor coupled to the gate terminal of the driving transistor and the storage capacitor.
The method includes:at a programming cycle, selecting the pixel circuit, providing a bias current to a connection between
the driving transistor and the light emitting device, and providing programming voltage data from the data line to the
pixel circuit.
[0015] In accordance with a further comparative example there is provided a method of driving a pixel circuit, the pixel
circuit having a driving transistor for providing a pixel current to a light emitting device, a switch transistor coupled to a
data line, and a storage capacitor coupled to the switch transistor and the driving transistor. The method includes: at a
programming cycle, selecting the pixel circuit, providing a bias current to a first terminal of the driving transistor, and
providing programming voltage data from the data line to a first terminal of the storage capacitor, the second terminal
of the storage capacitor being coupled to the first terminal of the driving transistor, a second terminal of the driving
transistor being coupled to the light emitting device; and at a driving cycle, setting an emission mode in the pixel circuit.
[0016] This summary of the invention does not necessarily describe all features of the invention.
[0017] Other aspects and features of the present invention will be readily apparent to those skilled in the art from a
review of the following detailed description of preferred embodiments in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] These and other features of the invention will become more apparent from the following description in which
reference is made to the appended drawings wherein:

Figure 1 is a diagram showing a pixel circuit in accordance with an example useful for understanding the present
invention;

Figure 2 is a timing diagram showing exemplary waveforms applied to the pixel circuit of Figure 1;

Figure 3 is a timing diagram showing further exemplary waveforms applied to the pixel circuit of Figure 1;

Figure 4 is a graph showing a current stability of the pixel circuit of Figure 1 ;

Figure 5 is a diagram showing a pixel circuit which has p-type transistors and corresponds to the pixel circuit of
Figure 1;

Figure 6 is a timing diagram showing exemplary waveforms applied to the pixel circuit of Figure 5;

Figure 7 is a timing diagram showing further exemplary waveforms applied to the pixel circuit of Figure 5;

Figure 8 is a diagram showing a pixel circuit in accordance with a further example useful for understanding the
present invention;

Figure 9 is a timing diagram showing exemplary waveforms applied to the pixel circuit of Figure 8 ;
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Figure 10 is a diagram showing a pixel circuit which has p-type transistors and corresponds to the pixel circuit of
Figure 8;

Figure 11 is a timing diagram showing exemplary waveforms applied to the pixel circuit of Figure 10;

Figure 12 is a diagram showing a pixel circuit in accordance with an example useful for understanding the present
invention;

Figure 13 is a timing diagram showing exemplary waveforms applied to the display of Figure 12;

Figure 14 is a graph showing the settling time of a CBVP pixel circuit for different bias currents;

Figure 15 is a graph showing I-V characteristic of the CBVP pixel circuit as well as the total error induced in the pixel
current;

Figure 16 is a diagram showing a pixel circuit which has p-type transistors and corresponds to the pixel circuit of
Figure 12;

Figure 17 is a timing diagram showing exemplary waveforms applied to the display of Figure 16;

Figure 18 is a diagram showing a VBCP pixel circuit in accordance with a further example useful for understanding
the present invention;

Figure 19 is a timing diagram showing exemplary waveforms applied to the pixel circuit of Figure 18;

Figure 20 is a diagram showing a VBCP pixel circuit which has p-type transistors and corresponds to the pixel circuit
of Figure 18;

Figure 21 is a timing diagram showing exemplary waveforms applied to the pixel circuit of Figure 20;

Figure 22 is a diagram showing a driving mechanism for a display array having CBVP pixel circuits;

Figure 23 is a diagram showing a driving mechanism for a display array having VBCP pixel circuits;

Figure 24 is a diagram showing a pixel circuit in accordance with a further example useful for understanding the
present invention;

Figure 25 is a timing diagram showing exemplary waveforms applied to the pixel circuit of Figure 24;

Figure 26 is a diagram showing a pixel circuit in accordance with an embodiment of the present invention;

Figure 27 is a timing diagram showing exemplary waveforms applied to the pixel circuit of Figure 26;

Figure 28 is a diagram showing a further example of a display system having CBVP pixel circuits;

Figure 29 is a diagram showing a further example of a display system having CBVP pixel circuits;

Figure 30 is a photograph showing effect of spatial mismatches on a display using a simple 2-TFT pixel circuit;

Figure 31 is a photograph showing effect of spatial mismatches on a display using the voltage-programmed circuits;
and

Figure 32 is a photograph showing effect of spatial mismatches on a display using CBVP pixel circuit.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION

[0019] Embodiments of the present invention are described using a pixel having an organic light emitting diode (OLED)
and a driving thin film transistor (TFT). However, the pixel may include any light emitting device other than OLED, and
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the pixel may include any driving transistor other than TFT. It is noted that in the description, "pixel circuit" and "pixel"
may be used interchangeably.
[0020] A driving technique for pixels, including a current-biased voltage-programmed (CBVP) driving scheme, is now
described in detail. The CBVP driving scheme uses voltage to provide for different gray scales (voltage programming),
and uses a bias to accelerate the programming and compensate for the time dependent parameters of a pixel, such as
a threshold voltage shift and OLED voltage shift.
[0021] Figure 1 illustrates a pixel circuit 200 in accordance with an example useful for understanding the present
invention. The pixel circuit 200 employs the CBVP driving scheme as described below. The pixel circuit 200 of Figure
1 includes an OLED 10, a storage capacitor 12, a driving transistor 14, and switch transistors 16 and 18. Each transistor
has a gate terminal, a first terminal and a second terminal. In the description, "first terminal" ("second terminal") may
be, but not limited to, a drain terminal or a source terminal (source terminal or drain terminal).
[0022] The transistors 14, 16 and 18 are n-type TFT transistors. The driving technique applied to the pixel circuit 200
is also applicable to a complementary pixel circuit having p-type transistors as shown in Figure 5.
[0023] The transistors 14, 16 and 18 maybe fabricated using amorphous silicon, nano/micro crystalline silicon, poly
silicon, organic semiconductors technologies (e.g. organic TFTs), NMOS technology, or CMOS technology (e.g. MOS-
FET). A plurality of pixel circuits 200 may form an AMOLED display array.
[0024] Two select lines SEL1 and SEL2, a signal line VDATA, a bias line IBIAS, a voltage supply line VDD, and a
common ground are provided to the pixel circuit 200. In Figure 1, the common ground is for the OLED top electrode.
The common ground is not a part of the pixel circuit, and is formed at the final stage when the OLED 10 is formed.
[0025] The first terminal of the driving transistor 14 is connected to the voltage supply line VDD. The second terminal
of the driving transistor 14 is connected to the anode electrode of the OLED 10. The gate terminal of the driving transistor
14 is connected to the signal line VDATA through the switch transistor 16. The storage capacitor 12 is connected between
the second and gate terminals of the driving transistor 14.
[0026] The gate terminal of the switch transistor 16 is connected to the first select line SEL1. The first terminal of the
switch transistor 16 is connected to the signal line VDATA. The second terminal of the switch transistor 16 is connected
to the gate terminal of the driving transistor 14.
[0027] The gate terminal of the switch transistor 18 is connected to the second select line SEL2. The first terminal of
transistor 18 is connected to the anode electrode of the OLED 10 and the storage capacitor 12. The second terminal of
the switch transistor 18 is connected to the bias line IBIAS. The cathode electrode of the OLED 10 is connected to the
common ground.
[0028] The transistors 14 and 16 and the storage capacitor 12 are connected to node A11. The OLED 10, the storage
capacitor 12 and the transistors 14 and 18 are connected to B11.
[0029] The operation of the pixel circuit 200 includes a programming phase having a plurality of programming cycles,
and a driving phase having one driving cycle. During the programming phase, node B11 is charged to negative of the
threshold voltage of the driving transistor 14, and node A11 is charged to a programming voltage VP.
[0030] As a result, the gate-source voltage of the driving transistor 14 is: 

where VGS represents the gate-source voltage of the driving transistor 14, and VT represents the threshold voltage of
the driving transistor 14. This voltage remains on the capacitor 12 in the driving phase, resulting in the flow of the desired
current through the OLED 10 in the driving phase.
[0031] The programming and driving phases of the pixel circuit 200 are described in detail. Figure 2 illustrates one
exemplary operation process applied to the pixel circuit 200 of Figure 1. In Figure 2, VnodeB represents the voltage of
node B11, and VnodeA represents the voltage of node A11. As shown in Figure 2, the programming phase has two
operation cycles X11, X12, and the driving phase has one operation cycle X13.
[0032] The first operation cycle X11: Both select lines SEL1 and SEL2 are high. A bias current IB flows through the
bias line IBIAS, and VDATA goes to a bias voltage VB.
[0033] As a result, the voltage of node B11 is:

where VnodeB represents the voltage of node B11, VT represents the threshold voltage of the driving transistor 14, and
β represents the coefficient in current-voltage (I-V) characteristics of the TFT given by IDS = β (VGS - VT)2. IDS represents
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the drain-source current of the driving transistor 14.
[0034] The second operation cycle X12: While SEL2 is low, and SEL1 is high, VDATA goes to a programming voltage
VP. Because the capacitance 11 of the OLED 20 is large, the voltage of node B11 generated in the previous cycle stays
intact.
[0035] Therefore, the gate-source voltage of the driving transistor 14 can be found as: 

[0036] ΔVB is zero when VB is chosen properly based on (4). The gate-source voltage of the driving transistor 14,
i.e., VP+VT, is stored in the storage capacitor 12.
[0037] The third operation cycle X13: IBIAS goes to low. SEL1 goes to zero. The voltage stored in the storage capacitor
12 is applied to the gate terminal of the driving transistor 14. The driving transistor 14 is on. The gate-source voltage of
the driving transistor 14 develops over the voltage stored in the storage capacitor 12. Thus, the current through the
OLED 10 becomes independent of the shifts of the threshold voltage of the driving transistor 14 and OLED characteristics.
[0038] Figure 3 illustrates a further exemplary operation process applied to the pixel circuit 200 of Figure 1. In Figure
3, VnodeB represents the voltage of node B11, and VnodeA represents the voltage of node A11.
[0039] The programming phase has two operation cycles X21, X22, and the driving phase has one operation cycle
X23. The first operation cycle X21 is same as the first operation cycle X11 of Figure 2. The third operation cycle X33 is
same as the third operation cycle X 13 of Figure 2. In Figure 3, the select lines SEL1 and SEL2 have the same timing.
Thus, SEL1 and SEL2 may be connected to a common select line.
[0040] The second operating cycle X22: SEL1 and SEL2 are high. The switch transistor 18 is on. The bias current IB
flowing through IBIAS is zero.
[0041] The gate-source voltage of the driving transistor 14 can be VGS = VP + VT as described above. The gate-
source voltage of the driving transistor 14, i.e., VP+VT, is stored in the storage capacitor 12.
[0042] Figure 4 illustrates a simulation result for the pixel circuit 200 of Figure 1 and the waveforms of Figure 2. The
result shows that the change in the OLED current due to a 2-volt VT-shift in the driving transistor (e.g. 14 of Figure 1)
is almost zero percent for most of the programming voltage. Simulation parameters, such as threshold voltage, show
that the shift has a high percentage at low programming voltage.
[0043] Figure 5 illustrates a pixel circuit 202 having p-type transistors. The pixel circuit 202 corresponds to the pixel
circuit 200 of Figure 1. The pixel circuit 202 employs the CBVP driving scheme as shown in Figures 6-7. The pixel circuit
202 includes an OLED 20, a storage capacitor 22, a driving transistor 24, and switch transistors 26 and 28. The transistors
24, 26 and 28 are p-type transistors. Each transistor has a gate terminal, a first terminal and a second terminal.
[0044] The transistors 24, 26 and 28 may be fabricated using amorphous silicon, nano/micro crystalline silicon, poly
silicon, organic semiconductors technologies (e.g. organic TFTs), PMOS technology, or CMOS technology (e.g. MOS-
FET). A plurality of pixel circuits 202 may form an AMOLED display array.
[0045] Two select lines SEL1 and SEL2, a signal line VDATA, a bias line IBIAS, a voltage supply line VDD, and a
common ground are provided to the pixel circuit 202.
[0046] The transistors 24 and 26 and the storage capacitor 22 are connected to node A12. The cathode electrode of
the OLED 20, the storage capacitor 22 and the transistors 24 and 28 are connected to B12. Since the OLED cathode
is connected to the other elements of the pixel circuit 202, this ensures integration with any OLED fabrication.
[0047] Figure 6 illustrates one exemplary operation process applied to the pixel circuit 202 of Figure 5. Figure 6
corresponds to Figure 2. Figure 7 illustrates a further exemplary operation process applied to the pixel circuit 202 of
Figure 5. Figure 7 corresponds to Figure 3. The CBVP driving schemes of Figures 6-7 use IBIAS and VDATA similar to
those of Figures 2-3.
[0048] Figure 8 illustrates a pixel circuit 204 in accordance with an example useful for understanding the present
invention. The pixel circuit 204 employs the CBVP driving scheme as described below. The pixel circuit 204 of Figure
8 includes an OLED 30, storage capacitors 32 and 33, a driving transistor 34, and switch transistors 36, 38 and 40. Each
of the transistors 34, 35 and 36 includes a gate terminal, a first terminal and a second terminal. This pixel circuit 204
operates in the same way as that of the pixel circuit 200.
[0049] The transistors 34, 36, 38 and 40 are n-type TFT transistors. The driving technique applied to the pixel circuit
204 is also applicable to a complementary pixel circuit having p-type transistors, as shown in Figure 10.
[0050] The transistors 34, 36, 38 and 40 may be fabricated using amorphous silicon, nano/micro crystalline silicon,
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poly silicon, organic semiconductors technologies (e.g. organic TFTs), NMOS technology, or CMOS technology (e.g.
MOSFET). A plurality of pixel circuits 204 may form an AMOLED display array.
[0051] A select line SEL, a signal line VDATA, a bias line IBIAS, a voltage line VDD, and a common ground are
provided to the pixel circuit 204.
[0052] The first terminal of the driving transistor 34 is connected to the cathode electrode of the OLED 30. The second
terminal of the driving transistor 34 is connected to the ground. The gate terminal of the driving transistor 34 is connected
to its first terminal through the switch transistor 36. The storage capacitors 32 and 33 are in series and connected
between the gate of the driving transistor 34 and the ground.
[0053] The gate terminal of the switch transistor 36 is connected to the select line SEL. The first terminal of the switch
transistor 36 is connected to the first terminal of the driving transistor 34. The second terminal of the switch transistor
36 is connected to the gate terminal of the driving transistor 34.
[0054] The gate terminal of the switch transistor 38 is connected to the select line SEL. The first terminal of the switch
transistor 38 is connected to the signal line VDATA. The second terminal of the switch transistor 38 is connected to the
connected terminal of the storage capacitors 32 and 33 (i.e. node C21).
[0055] The gate terminal of the switch transistor 40 is connected to the select line SEL. The first terminal of the switch
transistor 40 is connected to the bias line IBIAS. The second terminal of the switch transistor 40 is connected to the
cathode terminal of the OLED 30. The anode electrode of the OLED 30 is connected to the VDD.
[0056] The OLED 30, the transistors 34, 36 and 40 are connected at node A21. The storage capacitor 32 and the
transistors 34 and 36 are connected at node B21.
[0057] The operation of the pixel circuit 204 includes a programming phase having a plurality of programming cycles,
and a driving phase having one driving cycle. During the programming phase, the first storage capacitor 32 is charged
to a programming voltage VP plus the threshold voltage of the driving transistor 34, and the second storage capacitor
33 is charged to zero
[0058] As a result, the gate-source voltage of the driving transistor 34 is: 

where VGS represents the gate-source voltage of the driving transistor 34, and VT represents the threshold voltage of
the driving transistor 34.
[0059] The programming and driving phases of the pixel circuit 204 are described in detail. Figure 9 illustrates one
exemplary operation process applied to the pixel circuit 204 of Figure 8. As shown in Figure 9, the programming phase
has two operation cycles X31, X32, and the driving phase has one operation cycle X33.
[0060] The first operation cycle X31: The select line SEL is high. A bias current IB flows through the bias line IBIAS,
and VDATA goes to a VB-VP where VP is and programming voltage and VB is given by: 

[0061] As a result, the voltage stored in the first capacitor 32 is: 

where VC1 represents the voltage stored in the first storage capacitor 32, VT represents the threshold voltage of the
driving transistor 34, β represents the coefficient in current-voltage (I-V) characteristics of the TFT given by IDS = β(VGS-
VT)2. IDS represents the drain-source current of the driving transistor 34.
[0062] The second operation cycle: While SEL is high, VDATA is zero, and IBIAS goes to zero. Because the capacitance
31 of the OLED 30 and the parasitic capacitance of the bias line IBIAS are large, the voltage of node B21 and the voltage
of node A21 generated in the previous cycle stay unchanged.
[0063] Therefore, the gate-source voltage of the driving transistor 34 can be found as: 

where VGS represents the gate-source voltage of the driving transistor 34..
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[0064] The gate-source voltage of the driving transistor 34 is stored in the storage capacitor 32.
[0065] The third operation cycle X33: IBIAS goes to zero. SEL goes to zero. The voltage of node C21 goes to zero.
The voltage stored in the storage capacitor 32 is applied to the gate terminal of the driving transistor 34. The gate-source
voltage of the driving transistor 34 develops over the voltage stored in the storage capacitor 32. Considering that the
current of driving transistor 34 is mainly defined by its gate-source voltage, the current through the OLED 30 becomes
independent of the shifts of the threshold voltage of the driving transistor 34 and OLED characteristics.
[0066] Figure 10 illustrates a pixel circuit 206 having p-type transistors. The pixel circuit 206 corresponds to the pixel
circuit 204 of Figure 8. The pixel circuit 206 employs the CBVP driving scheme as shown in Figure 11. The pixel circuit
206 of Figure 10 includes an OLED 50, a storage capacitors 52 and 53, a driving transistor 54, and switch transistors
56, 58 and 60. The transistors 54, 56, 58 and 60 are p-type transistors. Each transistor has a gate terminal, a first terminal
and a second terminal.
[0067] The transistors 54, 56, 58 and 60 may be fabricated using amorphous silicon, nano/micro crystalline silicon,
poly silicon, organic semiconductors technologies (e.g. organic TFTs), PMOS technology, or CMOS technology (e.g.
MOSFET). A plurality of pixel circuits 206 may form an AMOLED display array.
[0068] Two select lines SEL1 and SEL2, a signal line VDATA, a bias line IBIAS, a voltage supply line VDD, and a
common ground are provided to the pixel circuit 206. The common ground may be same as that of Figure 1.
[0069] The anode electrode of the OLED 50, the transistors 54, 56 and 60 are connected at node A22. The storage
capacitor 52 and the transistors 54 and 56 are connected at node B22. The switch transistor 58, and the storage capacitors
52 and 53 are connected at node C22.
[0070] Figure 11 illustrates one exemplary operation process applied to the pixel circuit 206 of Figure 10. Figure 11
corresponds to Figure 9. As shown in Figure 11, the CBVP driving scheme of Figure 11 uses IBIAS and VDATA similar
to those of Figure 9.
[0071] Figure 12 illustrates a display 208 in accordance with an example useful for understanding the present invention.
The display 208 employs the CBVP driving scheme as described below. In Figure 12, elements associated with two
rows and one column are shown as example. The display 208 may include more than two rows and more than one column.
[0072] The display 208 includes an OLED 70, storage capacitors 72 and 73, transistors 76, 78, 80, 82 and 84. The
transistor 76 is a driving transistor. The transistors 78, 80 and 84 are switch transistors. Each of the transistors 76, 78,
80, 82 and 84 includes a gate terminal, a first terminal and a second terminal.
[0073] The transistors 76, 78, 80, 82 and 84 are n-type TFT transistors. The driving technique applied to the pixel
circuit 208 is also applicable to a complementary pixel circuit having p-type transistors, as shown in Figure 16.
[0074] The transistors 76, 78, 80, 82 and 84 may be fabricated using amorphous silicon, nano/micro crystalline silicon,
poly silicon, organic semiconductors technologies (e.g. organic TFTs), NMOS technology, or CMOS technology (e.g.
MOSFET). The display 208 may form an AMOLED display array. The combination
of the CBVP driving scheme and the display 208 provides a large-area, high-resolution AMOLED display.
[0075] The transistors 76 and 80 and the storage capacitor 72 are connected at node A31. The transistors 82 and 84
and the storage capacitors 72 and 74 are connected at B31.
[0076] Figure 13 illustrates one exemplary operation process applied to the display 208 of Figure 12. In Figure 13,
"Programming cycle [n]" represents a programming cycle for the row [n] of the display 208.
[0077] The programming time is shared between two consecutive rows (n and n+1). During the programming cycle
of the nth row, SEL[n] is high, and a bias current IB is flowing through the transistors 78 and 80. The voltage at node
A31 is self-adjusted to (IB/β)1/2+VT, while the voltage at node B31 is zero, where VT represents the threshold voltage
of the driving transistor 76, and β represents the coefficient in current-voltage (I-V) characteristics of the TFT given by
IDS = β (VGS -VT)2, and IDS represents the drain-source current of the driving transistor 76.
[0078] During the programming cycle of the (n+1)th row, VDATA changes to VP-VB. As a result, the voltage at node
A31 changes to VP+VT if VB = (IB/β)1/2. Since a constant current is adopted for all the pixels, the IBIAS line consistently
has the appropriate voltage so that there is no necessity to pre-charge the line, resulting in shorter programming time
and lower power consumption. More importantly, the voltage of node B31 changes from VP-VB to zero at the beginning
of the programming cycle of the nth row. Therefore, the voltage at node A31 changes to (IB/β)1/2+VT, and it is already
adjusted to its final value, leading to a fast settling time.
[0079] The settling time of the CBVP pixel circuit is depicted in Figure 14 for different bias currents. A small current
can be used as IB here, resulting in lower power consumption.
[0080] Figure 15 illustrates I-V characteristic of the CBVP pixel circuit as well as the total error induced in the pixel
current due to a 2-V shift in the threshold voltage of a driving transistor (e.g. 76 of Figure 12). The result indicates the
total error of less than 2% in the pixel current. It is noted that IB=4.5 mA.
[0081] Figure 16 illustrates a display 210 having p-type transistors. The display 210 corresponds to the display 208
of Figure 12. The display 210 employs the CBVP driving scheme as shown in Figure 17. In Figure 12, elements associated
with two rows and one column are shown as example. The display 210 may include more than two rows and more than
one column.
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[0082] The display 210 includes an OLED 90, a storage capacitors 92 and 94, and transistors 96, 98, 100, 102 and
104. The transistor 96 is a driving transistor. The transistors 100 and 104 are switch transistors. The transistors 24, 26
and 28 are p-type transistors. Each transistor has a gate terminal, a first terminal and a second terminal.
[0083] The transistors 96, 98, 100, 102 and 104 may be fabricated using amorphous silicon, nano/micro crystalline
silicon, poly silicon, organic semiconductors technologies (e.g. organic TFTs), PMOS technology, or CMOS technology
(e.g. MOSFET). The display 210 may form an AMOLED display array.
[0084] In Figure 16, the driving transistor 96 is connected between the anode electrode of the OLED 90 and a voltage
supply line VDD.
[0085] Figure 17 illustrates one exemplary operation process applied to the display 210 of Figure 16. Figure 17 cor-
responds to Figure 13. The CBVP driving scheme of Figure 17 uses IBIAS and VDATA similar to those of Figure 13.
[0086] According to the CBVP driving scheme, the overdrive voltage provided to the driving transistor is generated so
as to be independent from its threshold voltage and the OLED voltage.
[0087] The shift(s) of the characteristic(s) of a pixel element(s) (e.g. the threshold voltage shift of a driving transistor
and the degradation of a light emitting device under prolonged display operation) is compensated for by voltage stored
in a storage capacitor and applying it to the gate of the driving transistor. Thus, the pixel circuit can provide a stable
current though the light emitting device without any effect of the shifts, which improves the display operating lifetime.
Moreover, because of the circuit simplicity, it ensures higher product yield, lower fabrication cost and higher resolution
than conventional pixel circuits.
[0088] Since the settling time of the pixel circuits described above is much smaller than conventional pixel circuits, it
is suitable for large-area display such as high definition TV, but it also does not preclude smaller display areas either.
[0089] It is noted that a driver for driving a display array having a CBVP pixel circuit (e.g. 200, 202 or 204) converts
the pixel luminance data into voltage.
[0090] A driving technique for pixels, including voltage-biased current-programmed (VBCP) driving scheme is now
described in detail. In the VBCP driving scheme, a pixel current is scaled down without resizing mirror transistors. The
VBCP driving scheme uses current to provide for different gray scales (current programming), and uses a bias to
accelerate the programming and compensate for a time dependent parameter of a pixel, such as a threshold voltage
shift. One of the terminals of a driving transistor is connected to a virtual ground VGND. By changing the voltage of the
virtual ground, the pixel current is changed. A bias current IB is added to a programming current IP at a driver side, and
then the bias current is removed from the programming current inside the pixel circuit by changing the voltage of the
virtual ground.
[0091] Figure 18 illustrates a pixel circuit 212 in accordance with a further example useful for understanding the present
invention. The pixel circuit 212 employs the VBCP driving scheme as described below. The pixel circuit 212 of Figure
18 includes an OLED 110, a storage capacitor 111, a switch network 112, and mirror transistors 114 and 116. The mirror
transistors 114 and 116 form a current mirror. The transistor 114 is a programming transistor. The transistor 116 is a
driving transistor. The switch network 112 includes switch transistors 118 and 120. Each of the transistors 114, 116,
118 and 120 has a gate terminal, a first terminal and a second terminal.
[0092] The transistors 114, 116, 118 and 120 are n-type TFT transistors. The driving technique applied to the pixel
circuit 212 is also applicable to a complementary pixel circuit having p-type transistors as shown in Figure 20.
[0093] The transistors 114, 116, 118 and 120 may be fabricated using amorphous silicon, nano/micro crystalline silicon,
poly silicon, organic semiconductors technologies (e.g. organic TFTs), NMOS technology, or CMOS technology (e.g.
MOSFET). A plurality of pixel circuits 212 may form an AMOLED display array.
[0094] A select line SEL, a signal line IDATA, a virtual grand line VGND, a voltage supply line VDD, and a common
ground are provided to the pixel circuit 150.
[0095] The first terminal of the transistor 116 is connected to the cathode electrode of the OLED 110. The second
terminal of the transistor 116 is connected to the VGND. The gate terminal of the transistor 114, the gate terminal of the
transistor 116, and the storage capacitor 111 are connected to a connection node A41.
[0096] The gate terminals of the switch transistors 118 and 120 are connected to the SEL. The first terminal of the
switch transistor 120 is connected to the IDATA. The switch transistors 118 and 120 are connected to the first terminal
of the transistor 114. The switch transistor 118 is connected to node A41.
[0097] Figure 19 illustrates an exemplary operation for the pixel circuit 212 of Figure 18. Referring to Figures 18 and
19, current scaling technique applied to the pixel circuit 212 is described in detail. The operation of the pixel circuit 212
has a programming cycle X41, and a driving cycle X42.
[0098] The programming cycle X41: SEL is high. Thus, the switch transistors 118 and 120 are on. The VGND goes
to a bias voltage VB. A current (IB+IP) is provided through the IDATA, where IP represents a programming current, and
IB represents a bias current. A current equal to (IB+IP) passes through the switch transistors 118 and 120.
[0099] The gate-source voltage of the driving transistor 116 is self-adjusted to: 
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where VT represents the threshold voltage of the driving transistor 116, and β represents the coefficient in current-
voltage (I-V) characteristics of the TFT given by IDS =β(VGS-VT)2. IDS represents the drain-source current of the driving
transistor 116.
[0100] The voltage stored in the storage capacitor 111 is: 

where VCS represents the voltage stored in the storage capacitor 111.
[0101] Since one terminal of the driving transistor 116 is connected to the VGND, the current flowing through the OLED
110 during the programming time is: 

where Ipixel represents the pixel current flowing through the OLED 110.
[0102] If IB >> IP, the pixel current Ipixel can be written as: 

[0103] VB is chosen properly as follows: 

[0104] The pixel current Ipixel becomes equal to the programming current IP. Therefore, it avoids unwanted emission
during the programming cycle.
[0105] Since resizing is not required, a better matching between two mirror transistors in the current-mirror pixel circuit
can be achieved.
[0106] Figure 20 illustrates a pixel circuit 214 having p-type transistors. The pixel circuit 214 corresponds to the pixel
circuit 212 of Figure 18. The pixel circuit 214 employs the VBCP driving scheme as shown Figure 21. The pixel circuit
214 includes an OLED 130, a storage capacitor 131, a switch network 132, and mirror transistors 134 and 136. The
mirror transistors 134 and 136 form a current mirror. The transistor 134 is a programming transistor. The transistor 136
is a driving transistor. The switch network 132 includes switch transistors 138 and 140. The transistors 134, 136, 138
and 140 are p-type TFT transistors. Each of the transistors 134, 136, 138 and 140 has a gate terminal, a first terminal
and a second terminal.
[0107] The transistors 134, 136, 138 and 140 may be fabricated using amorphous silicon, nano/micro crystalline silicon,
poly silicon, organic semiconductors technologies (e.g. organic TFTs), PMOS technology, or CMOS technology (e.g.
MOSFET). A plurality of pixel circuits 214 may form an AMOLED display array.
[0108] A select line SEL, a signal line IDATA, a virtual grand line VGND, and a voltage supply line VSS are provided
to the pixel circuit 214.
[0109] The transistor 136 is connected between the VGND and the cathode electrode of the OLED 130. The gate
terminal of the transistor 134, the gate terminal of the transistor 136, the storage capacitor 131 and the switch network
132 are connected at node A42.
[0110] Figure 21 illustrates an exemplary operation for the pixel circuit 214 of Figure 20. Figure 21 corresponds to
Figure 19. The VBCP driving scheme of Figure 21 uses IDATA and VGND similar to those of Figure 19.
[0111] The VBCP technique applied to the pixel circuit 212 and 214 is applicable to current programmed pixel circuits
other than current mirror type pixel circuit.
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[0112] For example, the VBCP technique is suitable for the use in AMOLED displays. The VBCP technique enhances
the settling time of the current-programmed pixel circuits display, e.g. AMOLED displays.
[0113] It is noted that a driver for driving a display array having a VBCP pixel circuit (e.g. 212, 214) converts the pixel
luminance data into current.
[0114] Figure 22 illustrates a driving mechanism for a display array 150 having a plurality of CBVP pixel circuits 151
(CBVP1-1, CBVP1-2, CBVP2-1, CBVP2-2). The CBVP pixel circuit 151 is a pixel circuit to which the CBVP driving
scheme is applicable. For example, the CBVP pixel circuit 151 may be the pixel circuit shown in Figure 1, 5, 8, 10, 12
or 16. In Figure 22, four CBVP pixel circuits 151 are shown as example. The display array 150 may have more than four
or less than four CBVP pixel circuits 151.
[0115] The display array 150 is an AMOLED display where a plurality of the CBVP pixel circuits 151 are arranged in
rows and columns. VDATA1 (or VDATA 2) and IBIAS1 (or IBIAS2) are shared between the common column pixels while
SEL1 (or SEL2) is shared between common row pixels in the array structure.
[0116] The SEL1 and SEL2 are driven through an address driver 152. The VDATA1 and VDATA2 are driven through
a source driver 154. The IBIAS1 and IBIAS2 are also driven through the source driver 154. A controller and scheduler
156 is provided for controlling and scheduling programming, calibration and other operations for operating the display
array, which includes the control and schedule for the CBVP driving scheme as described above.
[0117] Figure 23 illustrates a driving mechanism for a display array 160 having a plurality of VBCP pixel circuits. In
Figure 23, the pixel circuit 212 of Figure 18 is shown as an example of the VBCP pixel circuit. However, the display array
160 may include any other pixel circuits to which the VBCP driving scheme described is applicable.
[0118] SEL1 and SEL2 of Figure 23 correspond to SEL of Figure 18. VGND1 and VGAND2 of Figure 23 correspond
to VDATA of Figure 18. IDATA1 and IDATA 2 of Figure 23 correspond to IDATA of Figure 18. In Figure 23, four VBCP
pixel circuits are shown as example. The display array 160 may have more than four or less than four VBCP pixel circuits.
[0119] The display array 160 is an AMOLED display where a plurality of the VBCP pixel circuits are arranged in rows
and columns. IDATA1 (or IDATA2) is shared between the common column pixels while SEL1 (or SEL2) and VGND1
(or VGND2) are shared between common row pixels in the array structure.
[0120] The SEL1, SEL2, VGND1 and VGND2 are driven through an address driver 162. The IDATA1 and IDATA are
driven through a source driver 164. A controller and scheduler 166 is provided for controlling and scheduling programming,
calibration and other operations for operating the display array, which includes the control and schedule for the VBCP
driving scheme as described above.
[0121] Figure 24 illustrates a pixel circuit 400 in accordance with a further example useful for understanding the present
invention. The pixel circuit 400 of Figure 24 is a 3-TFT current-biased voltage programmed pixel circuit and employs the
CBVP driving scheme. The driving scheme improves the display lifetime and yield by compensating for the mismatches.
[0122] The pixel circuit 400 includes an OLED 402, a storage capacitor 404, a driving transistor 406, and switch
transistors 408 and 410. Each transistor has a gate terminal, a first terminal and a second terminal. The transistors 406,
408 and 410 are p-type TFT transistors. The driving technique applied to the pixel circuit 400 is also applicable to a
complementary pixel circuit having n-type transistors as well understood by one of ordinary skill in the art.
[0123] The transistors 406, 408 and 410 may be implemented using poly silicon, nano/micro (crystalline) silicon,
amorphous silicon, CMOS, organic semiconductor, metal organic technologies, or combination thereof. A plurality of
pixel circuits 400 may form an active matrix array. The driving scheme applied to the pixel circuit 400 compensates for
temporal and spatial non-uniformities in the active matrix display.
[0124] A select line SET, a signal line Vdata, a bias line Ibias, and a voltage supply line Vdd are connected to the pixel
circuit 400. The bias line Ibias provides a bias current (Ibias) that is defined based on display specifications, such as
lifetime, power, and device performance and uniformity.
[0125] The first terminal of the driving transistor 406 is connected to the voltage supply line Vdd. The second terminal
of the driving transistor 406 is connected to the OLED 402 at node B20. One terminal of the capacitor 404 is connected
to the signal line Vdata, and the other terminal of the capacitor 404 is connected to the gate terminal of the driving
transistor 406 at node A20.
[0126] The gate terminals of the switch transistors 408 and 410 are connected to the select line SEL. The switch
transistor 408 is connected between node A20 and node B20. The switch transistor 410 is connected between the node
B20 and the bias line Ibias.
[0127] For the pixel circuit 400, a predetermined fixed current (Ibias) is provided through the transistor 410 to com-
pensate for all spatial and temporal non-uniformities and voltage programming is used to divide the current in different
current levels required for different gray scales.
[0128] As shown in Figure 25, the operation of the pixel circuit 400 includes a programming phase X61 and a driving
phase X62. Vdata [j] of Figure 25 corresponds to Vdd of Figure 24. Vp[k,j] of Figure 25 (k=1, 2, ..., n) represents the kth
programming voltage on Vdata [j] where "j" is the column number.
[0129] Referring to Figures 24 and 25, during the programming cycle X61, SEL is low so that the switch transistors
408 and 410 are on. The bias current Ibias is applied via the bias line Ibias to the pixel circuit 400, and the gate terminal
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of the driving transistor 406 is self-adjusted to allow all the current passes through source-drain of the driving transistor
406. At this cycle, Vdata has a programming voltage related to the gray scale of the pixel. During the driving cycle X62,
the switch transistors 408 and 410 are off, and the current passes through the driving transistor 406 and the OLED 402.
[0130] Figure 26 is a diagram showing a pixel circuit 420 in accordance with a further embodiment of the present
invention. The pixel circuit 420 of Figure 26 is a 6-TFT current-biased voltage programmed pixel circuit and employs the
CBVP driving scheme, with emission control. This driving scheme improves the display lifetime and yield by compensating
for the mismatches.
[0131] The pixel circuit 420 includes an OLED 422, a storage capacitor 424, and transistors 426-436. Each transistor
has a gate terminal, a first terminal and a second terminal. The transistors 426-436 are p-type TFT transistors. The
driving technique applied to the pixel circuit 420 is also applicable to a complementary pixel circuit having n-type transistors
as well understood by one of ordinary skill in the art.
[0132] The transistors 426-436 may be implemented using poly silicon, nano/micro (crystalline) silicon, amorphous
silicon, CMOS, organic semiconductor, metal organic technologies, or combination thereof. A plurality of pixel circuits
420 may form an active matrix array. The driving scheme applied to the pixel circuit 420 compensates for temporal and
spatial non-uniformities in the active matrix display.
[0133] One select line SEL, a signal line Vdata, a bias line Ibias, a voltage supply line Vdd, a reference voltage line
Vref, and an emission signal line EM are connected to the pixel circuit 420. The bias line Ibias provides a bias current
(Ibias) that is defined based on display specifications, such as lifetime, power, and device performance and uniformity.
The reference voltage line Vref provides a reference voltage (Vref). The reference voltage Vref may be determined
based on the bias current Ibias and the display specifications that may include gray scale and/or contrast ratio. The
signal line EM provides an emission signal EM that turns on the pixel circuit 420. The pixel circuit 420 goes to emission
mode based on the emission signal EM.
[0134] The gate terminal of the transistor 426, one terminal of the transistor 432 and one terminal of the transistor 434
are connected at node A21. One terminal of the capacitor 424, one terminal of the transistor 428 and the other terminal
of the transistor 434 are connected at node B21. The other terminal of the capacitor 424, one terminal of the transistor
430, one terminal of the transistor 436, and one terminal of the transistor 426 are connected at node C21. The other
terminal of the transistor 430 is connected to the bias line Ibias. The other terminal of the transistor 432 is connected to
the reference voltage line Vref. The select line SEL is connected to the gate terminals of the transistors 428, 430 and
432. The select line EM is connected to the gate terminals of the transistors 434, and 436. The transistor 426 is a driving
transistor. The transistors 428, 430, 432, 434, and 436 are switching transistors.
[0135] For the pixel circuit 420, a predetermined fixed current (Ibias) is provided through the transistor 430 while the
reference voltage Vref is applied to the gate terminal of the transistor 426 through the transistor 432 and a programming
voltage VP is applied to the other terminal of the storage capacitor 424 (i.e., node B21) through the transistor 428. Here,
the source voltage of the transistor 426 (i.e., voltage of node C21) will be self- adjusted to allow the bias current goes
through the transistor 426 and thus it compensates for all spatial and temporal non-uniformities. Also, voltage program-
ming is used to divide the current in different current levels required for different gray scales.
[0136] As shown in Figure 27, the operation of the pixel circuit 420 includes a programming phase X71 and a driving
phase X72.
[0137] Referring to Figures 26 and 27, during the programming cycle X71, SEL is low so that the transistors 428, 430
and 432 are on, a fixed bias current is applied to Ibias line, and the source of the transistor 426 is self-adjusted to allow
all the current passes through source-drain of the transistor 426. At this cycle, Vdata has a programming voltage related
to the gray scale of the pixel and the capacitor 424 stores the programming voltage and the voltage generated by current
for mismatch compensation. During the driving cycle X72, the transistors 428, 430 and 432 are off, while the transistors
434 and 436 are on by the emission signal EM. During this driving cycle X72, the transistor 426 provides current for the
OLED 422.
[0138] In Figure 25, the entire display is programmed, then it is light up (goes to emission mode). By contrast, in Figure
27, each row can light up after programming by using the emission line EM.
[0139] In the operations of Figures 25 and 27, the bias line provides a predetermined fixed bias current. However, the
bias current Ibias may be adjustable, and the bias current Ibias may be adjusted during the operation of the display.
[0140] Figure 28 illustrates an example of a display system having array structure for implementation of the CBVP
driving scheme. The display system 450 of Figure 28 includes a pixel array 452 having a plurality of pixels 454, a gate
driver 456, a source driver 458 and a controller 460 for controlling the drivers 456 and 458. The gate driver 456 operates
on address (select) lines (e.g., SEL [1], SEL[2], ...). The source driver 458 operates on data lines (e.g., Vdata [1], Vdata
[2], ...). The display system 450 includes a calibrated current mirrors block 462 for operating on bias lines (e.g., Ibias
[1], Ibias [2]) using a reference current Iref. The block 462 includes a plurality of calibrated current mirrors, each for the
corresponding Ibias. The reference current Iref may be provided to the calibrated current mirrors block 462 through a
switch.
[0141] The pixel circuit 454 may be the same as the pixel circuit 400 of Figure 24 or the pixel circuit 420 of Figure 26
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where SEL [i] (i=1, 2, ...) corresponds to SEL of Figure 24 or 26, Vdata [j] (j=1, 2, ...) corresponds to Vdata of Figure 24
or 26, and Ibias [j] (j=1, 2, ...) corresponds to Ibias of Figure 24 or 26. When using the pixel circuit 420 of Figure 26 as
the pixel circuit 454, a driver at the peripheral of the display, such as the gate driver 456, controls each emission line EM.
[0142] In Figure 28, the current mirrors are calibrated with a reference current source. During the programming cycle
of the panel (e.g., X61 of Figure 25, X71 of Figure 27), the calibrated current mirrors (block 462) provide current to the
bias line Ibias. These current mirrors can be fabricated at the edge of the panel.
[0143] Figure 29 illustrates another example of a display system having array structure for implementation of the CBVP
driving scheme. The display system 470 of Figure 29 includes a pixel array 472 having a plurality of pixels 474, a gate
driver 476, a source driver 478 and a controller 480 for controlling the drivers 476 and 478. The gate driver 476 operates
on address (select) lines (e.g., SEL[0], SEL [1], SEL[2], ...). The source driver 478 operates on data lines (e.g., Vdata
[1], Vdata [2], ...). The display system 470 includes a calibrated current sources block 482 for operating on bias lines
(e.g., Ibias [1], Ibias [2]) using Vdata lines. The block 482 includes a plurality of calibrated current sources, each being
provided for the Ibias line.
[0144] The pixel circuit 474 may be the same as the pixel circuit 400 of Figure 24 or the pixel circuit 420 of Figure 26
where SEL [i] (i=1, 2, ...) corresponds to SEL of Figure 24 or 26, Vdata [j] (j=1, 2, ...) corresponds to Vdata of Figure 24
or 26, and Ibias [j] (j=1, 2, ...) corresponds to Ibias of Figure 24 or 26. When using the pixel circuit 420 of Figure 26 as
the pixel circuit 474, a driver at the peripheral of the display, such as the gate driver 456, controls each emission line EM.
[0145] Each current source 482 includes a voltage to current convertor that converts voltage via Vdata line to current.
One of the select lines is used to operate a switch 490 for connecting Vdata line to the current source 482. In this example,
address line SEL [0] operates the switch 490. The current sources 482 are treated as one row of the display (i.e., the
0th row). After the conversion of voltage on Vdata line at the current source 482, Vdata line is used to program the real
pixel circuits 474 of the display.
[0146] A voltage related to each of the current sources is extracted at the factory and is stored in a memory (e.g. flash,
EPROM, or PROM). This voltage (calibrated voltage) may be different for each current source due to their mismatches.
At the beginning of each frame, the current sources 482 are programmed through the source driver 478 using the stored
calibrated voltages so that all the current sources 482 provides the same current.
[0147] In Figure 28, the bias current (Ibias) is generated by the current mirror 462 with the reference current Iref.
However, the system 450 of Figure 28 may use the current source 482 to generate Ibias. In Figure 29, the bias current
(Ibias) is generated by the current converter of the current source 482 with Vdata line. However, the system 470 of
Figure 29 may use the current mirror 462 of Figure 28.
[0148] Effect of spatial mismatches on the image quality of panels using different driving scheme is depicted in Figures
30-32. The image of display with conventional 2-TFT pixel circuit is suffering from both threshold voltage mismatches
and mobility variations (Figure 30). On the other hand, the voltage programmed pixel circuits without the bias line Ibias
may control the effect of threshold voltage mismatches, however, they may suffer from the mobility variations (Figure
31) whereas the current-biased voltage-programmed (CBVP) driving scheme in the embodiments can control the effect
of both mobility and threshold voltage variations (Figure 32).
[0149] The present invention has been described with regard to one or more embodiments. However, it will be apparent
to persons skilled in the art that a number of variations and modifications can be made without departing from the scope
of the invention as defined in the claims.

Claims

1. A pixel circuit (420) comprising:

a light emitting device (422);
a storage capacitor (424) having a first terminal and a second terminal;
a driving transistor (426) for driving said light emitting device, the driving transistor (426) having a gate terminal,
a first terminal and a second terminal, one of said first and second terminals of said driving transistor (426)
being connected to said second terminal of said storage capacitor (424), and the other of said first and second
terminals of said driving transistor (426) being connected to a first terminal of the light emitting device (422);
a first switch transistor (428) having a gate terminal, a first terminal and a second terminal, wherein the gate
terminal of the first switch transistor (428) is connected to a select line (SEL),
one of said first and second terminals of said first switch transistor (428) being connected to the first terminal
of said storage capacitor (424) and the other of said first and second terminals of said first switch transistor
(428) being connected to a signal line (Vdata);
a first emission control transistor (434) having a gate terminal, a first terminal and a second terminal, the gate
terminal of the first emission control transistor (434) being connected to an emission control line (EM),



EP 2 277 163 B1

14

5

10

15

20

25

30

35

40

45

50

55

one of said first and second terminals of said first emission control transistor (434) being connected with said
first terminal of said storage capacitor (424), the other of said first and second terminals of said first emission
control transistor (434) being connected to said gate terminal of said driving transistor (426);
a second emission control transistor (436) having a gate terminal, a first terminal, and a second terminal, one
of the first and second terminals of the second emission control transistor (436) being connected to a first
potential (Vdd), the other of the first and second terminals of the second emission control transistor (436) being
connected to the terminal of the driving transistor (426) connected to the second terminal of the storage capacitor
(424);
a reference voltage switch transistor (432) having a gate terminal, a first terminal, and a second terminal, the
gate terminal being connected to the select line (SEL), and
one of the first and second terminals of the reference voltage switch transistor (432) being connected to a
second potential (Vref), the other of the first and second terminals of the reference voltage switch transistor
(432) being connected to the gate terminal of the driving transistor (426);
characterized by
the gate terminal of the second emission control transistor (436) being connected to said emission control line
(EM); and
a second switch transistor (430) having a gate terminal, a first terminal and a second terminal, wherein said
gate terminal of the second switch transistor (430) is connected to said select line (SEL), one of said first and
second terminals of said second switch transistor (430) is connected to said second terminal of said storage
capacitor (424) and the other of said first and second terminals of said second switch transistor (430) is connected
to a bias line (Ibias);
wherein the first switch transistor (428), the second switch transistor (430), and the reference voltage switch
transistor (432) are configured to be all turned OFF or all turned ON by voltages provided on the select line
(SEL); and
wherein the first emission control transistor (434) and the second emission control transistor (436) are configured
to be both turned OFF or both turned ON by voltages provided on the emission control line (EM).

2. A display system comprising the pixel circuit as claimed in claim 1, the display system further including driver circuitry
adapted for programming the pixel circuit (420) during a programming cycle (X71), during which the pixel circuit
(420) receives a programming voltage dependent on programming data, and driving the pixel circuit (420) during a
driving cycle (X72), during which the pixel circuit (420) emits light according to the programming voltage,
the driver circuitry being configured to provide, during the programming cycle, the programming voltage on said
signal line (Vdata), to provide, during the programming cycle (X71), on the select line (SEL) a voltage turning ON
the first switch transistor (428), the second switch transistor (430) and the reference voltage switch transistor (432),
to provide, during the programming cycle, on the emission control line (EM) a voltage turning OFF the first emission
control transistor (434) and the second emission control transistor (436), and to provide, during the programming
cycle, a controllable bias current, on said bias line (Ibias) to thereby compensate for a time-dependent parameter
of the pixel circuit (420) by allowing one of the first and second terminals of said driving transistor (426) to self-adjust
while the controllable bias current passes through the driving transistor (426);
the driver circuitry being further configured to provide, during the driving cycle (X72), on the select line (SEL) a
voltage turning OFF the first switch transistor (428), the second switch transistor (430) and the reference voltage
switch (432), and to provide, during the driving cycle, on the emission control line (EM) a voltage turning ON the
first emission control transistor (434) and the second emission control transistor (436).

3. A pixel circuit as claimed in claim 1, wherein the light emitting device (422) includes an organic light emitting diode.

4. A pixel circuit as claimed in claim 1, wherein at least one of the transistors (426, 428, 430, 432, 434, 436) is a thin
film transistor.

5. A pixel circuit as claimed in claim 1, wherein at least one of the transistors (426, 428, 430, 432, 434, 436) is
implemented using poly silicon, nano/micro (crystalline) silicon, amorphous silicon, CMOS, organic semiconductor,
metal organic technologies, or a combination thereof.

Patentansprüche

1. Pixelschaltung (420), mit:
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einer Leuchteinrichtung (422);
einem Speicherkondensator (424) mit einem ersten Anschluss und einem zweiten Anschluss;
einem Ansteuertransistor (426) zur Ansteuerung der Leuchteinrichtung, wobei der Ansteuertransistor (426)
einen Gateanschluss, einen ersten Anschluss und einen zweiten Anschluss hat, wobei der erste oder der zweite
Anschluss des Ansteuertransistors (426) mit dem zweiten Anschluss des Speicherkondensators (424) verbun-
den ist, und der andere des ersten oder des zweiten Anschlusses des Ansteuertransistors (426) mit einem
ersten Anschluss der Leuchteinrichtung (422) verbunden ist;
einem ersten Schalttransistor (428) mit einem Gateanschluss, einem ersten Anschluss und einem zweiten
Anschluss, wobei der Gateanschluss des ersten Schalttransistors (428) mit einer Auswahlleitung (SEL) ver-
bunden ist,
wobei der erste oder der zweite Anschluss des ersten Schalttransistors (428) mit dem ersten Anschluss des
Speicherkondensators (424) verbunden ist, und der andere des ersten oder des zweiten Anschlusses des
ersten Schalttransistors (428) mit einer Signalleitung (Vdata) verbunden ist;
einem ersten Emissionssteuertransistor (434) mit einem Gateanschluss, einem ersten Anschluss und einem
zweiten Anschluss, wobei der Gateanschluss des ersten Emissionssteuertransistors (434) mit einer Emissi-
onssteuerleitung (EM) verbunden ist,
wobei der erste oder der zweite Anschluss des ersten Emissionssteuertransistors (434) mit dem ersten An-
schluss des Speicherkondensators (424) verbunden ist, und der andere des ersten oder des zweiten Anschlus-
ses des ersten Emissionssteuertransistors (434) mit dem Gateanschluss des Ansteuertransistors (426) ver-
bunden ist;
einem zweiten Emissionssteuertransistor (436) mit einem Gateanschluss, einem ersten Anschluss und einem
zweiten Anschluss, wobei der erste oder der zweite Anschluss des zweiten Emissionssteuertransistors (436)
mit einem ersten Potential (Vdd) verbunden ist, und der andere des ersten oder des zweiten Anschlusses des
zweiten Emissionssteuertransistors (436) mit dem Anschluss des Ansteuertransistors (426) verbunden ist, der
mit dem zweiten Anschluss des Speicherkondensators (424) verbunden ist;
einem Referenzspannungsschalttransistor (432) mit einem Gateanschluss, einem ersten Anschluss und einem
zweiten Anschluss, wobei der Gateanschluss mit der Auswahlleitung (SEL) verbunden ist, und
wobei der erste oder der zweite Anschluss des Referenzspannungsschalttransistors (432) mit einem zweiten
Potential (Vref) verbunden ist, und der andere des ersten oder des zweiten Anschlusses des Referenzspan-
nungsschalttransistors (432) mit dem Gateanschluss des Ansteuertransistors (426) verbunden ist;
dadurch gekennzeichnet, dass
der Gateanschluss des zweiten Emissionssteuertransistors (436) mit der Emissionssteuerleitung (EM) verbun-
den ist; und
ein zweiter Schalttransistor (430) mit einem Gateanschluss, einem ersten Anschluss und einem zweiten An-
schluss vorgesehen ist, wobei der Gateanschluss des zweiten Schalttransistors (430) mit der Auswahlleitung
(SEL) verbunden ist, der erste oder der zweite Anschluss des zweiten Schalttransistors (430) mit dem zweiten
Anschluss des Speicherkondensators (424) verbunden ist und der andere des ersten oder des zweiten An-
schlusses des zweiten Schalttransistors (430) mit einer Vorspannungsleitung (Ibias) verbunden ist;
wobei der erste Schalttransistor (428), der zweite Schalttransistor (430) und der Referenzspannungsschalttran-
sistor (432) jeweils so gestaltet sind, dass sie jeweils durch Spannungen, die auf der Auswahlleitung (SEL)
angelegt sind, ausgeschaltet oder eingeschaltet werden; und
wobei der erste Emissionssteuertransistor (434) und der zweite Emissionssteuertransistor (436) jeweils aus-
gebildet sind, durch Spannungen, die auf der Emissionssteuerleitung (EM) angelegt sind, jeweils ausgeschaltet
oder eingeschaltet zu werden.

2. Anzeigesystem mit der Pixelschaltung nach Anspruch 1, wobei das Anzeigesystem ferner eine Ansteuerschaltung
aufweist, die zur Programmierung der Pixelschaltung (420) während eines Programmierzyklus (X71) ausgebildet
ist, während welchem die Pixelschaltung (420) eine Programmierspannung in Abhängigkeit von Programmierdaten
empfängt, und ferner zur Ansteuerung der Pixelschaltung (420) während eines Ansteuerzyklus (X72) ausgebildet
ist, während welchem die Pixelschaltung (420) Licht gemäß der Programmierspannung aussendet,
wobei die Ansteuerschaltung ausgebildet ist, während des Programmierzyklus die Programmierspannung auf der
Signalleitung (Vdata) bereitzustellen, während des Programmierzyklus (X71) auf der Auswahlleitung (SEL) eine
Spannung bereitzustellen, die den ersten Schalttransistor (428), den zweiten Schalttransistor (430) und den Refe-
renzspannungsschalttransistor (432) einschaltet, während des Programmierzyklus auf der Emissionssteuerleitung
(EM) eine Spannung bereitzustellen, die den ersten Emissionssteuertransistor (434) und den zweiten Emissions-
steuertransistor (436) ausschaltet, und während des Programmierzyklus einen steuerbaren Vorspannungsstrom
auf der Vorspannungsleitung (Ibias) bereitzustellen, um dadurch einen zeitabhängigen Parameter der Pixelschaltung
(420) zu kompensieren, so dass der erste oder der zweite Anschluss des Ansteuertransistors (426) eine Selbstein-
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stellung vornehmen kann, während der steuerbare Vorspannungsstrom durch den Ansteuertransistor (426) fließt;
wobei die Ansteuerschaltung ferner ausgebildet ist, während des Ansteuerzyklus (X72) auf der Auswahlleitung
(SEL) eine Spannung bereitzustellen, die den ersten Schalttransistor (428), den zweiten Schalttransistor (430) und
den Referenzspannungsschalttransistor (432) ausschaltet, und ferner während des Ansteuerzyklus auf der Emis-
sionssteuerleitung (EM) eine Spannung bereitzustellen, die den ersten Emissionssteuertransistor (434) und den
zweiten Emissionssteuertransistor (436) einschaltet.

3. Pixelschaltung nach Anspruch 1, wobei die Leuchteinrichtung (422) eine organische Leuchtdiode aufweist.

4. Pixelschaltung nach Anspruch 1, wobei mindestens einer der Transistoren (426, 428, 430, 432, 434, 436) ein
Dünnschichttransistor ist.

5. Pixelschaltung nach Anspruch 1, wobei mindestens einer der Transistoren (426, 428, 430, 432, 434, 436) unter
Anwendung von Polysilizium, Nano/Mikro-(kristallinem) Silizium, amorphen Silizium, CMOS, organischem Halblei-
ter, metallorganischen Techniken oder einer Kombination davon implementiert ist.

Revendications

1. Circuit de pixel (420) comprenant:

un dispositif électroluminescent (422);
un condensateur de stockage (424) ayant une première borne et une seconde borne;
un transistor d’attaque (426) pour attaquer ledit dispositif électroluminescent, le transistor d’attaque (426) ayant
une borne de grille, une première borne et une seconde borne, l’une desdites première et seconde bornes dudit
transistor d’attaque (426) étant connectée à ladite seconde borne dudit condensateur de stockage (424) et
l’autre desdites première et seconde bornes dudit transistor d’attaque(426) étant connectée à une première
borne du dispositif électroluminescent (422);
un premier transistor de commutation (428) ayant une borne de grille, une première borne et une seconde
borne, dans lequel la borne de grille du premier transistor de commutation (428) est connectée à une ligne de
sélection (SEL),
l’une desdites première et seconde bornes dudit premier transistor de commutation (428) étant connectée à la
première borne dudit condensateur de stockage (424) et l’autre desdites première et seconde bornes dudit
premier transistor de commutation (428) étant connectée à une ligne de signal (Vdata);
un premier transistor de contrôle d’émission (434) comportant une borne de grille, une première borne et une
seconde borne, la borne de grille du premier transistor de contrôle d’émission (434) étant connectée à une ligne
de contrôle d’émission (EM),
l’une desdites première et seconde bornes dudit premier transistor de contrôle d’émission (434) étant connectée
à ladite première borne dudit condensateur de stockage (424), l’autre desdites première et seconde bornes
dudit premier transistor de contrôle d’émission (434) étant connectée à ladite borne de grille dudit transistor
d’attaque (426);
un second transistor de contrôle d’émission (436) ayant une borne de grille, une première borne et une seconde
borne, l’une des première et seconde bornes du second transistor de contrôle d’ émission (436) étant connectée
à un premier potentiel (Vdd), l’autre des première et seconde bornes du second transistor de contrôle d’émission
(436) étant connectée à la borne du transistor d’attaque (426) connecté à la seconde borne du condensateur
de stockage (424);
un transistor de commutation de tension de référence (432) ayant une borne de porte, une première borne et
une seconde borne, la borne de grille étant connectée à la ligne de sélection (SEL), et
l’une des première et seconde bornes du transistor de commutation de tension de référence (432) étant con-
nectée à un second potentiel (Vref), l’autre des première et seconde bornes du transistor de commutation de
tension de référence (432) étant connectée à la borne de grille du transistor d’attaque (426);
caractérisé par
la borne de grille du second transistor de contrôle d’émission (436) étant connectée à ladite ligne de contrôle
d’émission (EM); et
un second transistor de commutation (430) ayant une borne de grille, une première borne et une seconde borne,
dans lequel ladite borne de grille du second transistor de commutation (430) est connectée à ladite ligne de
sélection (SEL), une desdites première et seconde bornes dudit second transistor de commutation (430) est
connectée à ladite seconde borne dudit condensateur de stockage (424) et l’autre desdites première et seconde
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bornes dudit second transistor de commutation (430) est connectée à une ligne de polarisation (Ibias);
dans lequel le premier transistor de commutation (428), le second transistor de commutation (430) et le transistor
de commutation de tension de référence (432) sont configurés pour être tous éteints ou tous activés par les
tensions fournies sur la ligne de sélection (SEL); et
dans lequel le premier transistor de contrôle d’émission (434) et le second transistor de contrôle d’émission
(436) sont configurés pour être tous deux éteints ou tous deux activés par des tensions prévues sur la ligne de
contrôle d’émission (EM).

2. Système d’affichage comprenant le circuit de pixel selon la revendication 1, le système d’affichage comprenant en
outre un circuit de commande conçu pour programmer le circuit de pixel (420) pendant un cycle de programmation
(X71), pendant lequel le circuit de pixel (420) reçoit une tension de programmation dépendant de données de
programmation, et attaquer le circuit de pixel (420) pendant un cycle de pilotage (X72), pendant lequel le circuit de
pixel (420) émet de la lumière en fonction de la tension de programmation,
le circuit de commande étant configuré pour fournir, pendant le cycle de programmation, la tension de programmation
sur ladite ligne de signal (Vdata), pour fournir, pendant le cycle de programmation (X71), sur la ligne de sélection
(SEL) une tension permettant d’activer le premier transistor de commutation (428), le second transistor de commu-
tation (430) et le transistor de commutation de tension de référence (432), pour fournir, au cours du cycle de
programmation, sur la ligne de commande d’émission (EM) une tension éteignant le premier transistor d’attaque
d’émission (434) et le second transistor de contrôle d’émission (436), et pour fournir, pendant le cycle de program-
mation, un courant de polarisation contrôlable, sur ladite ligne de polarisation (Ibias) pour compenser ainsi un
paramètre dépendant du temps du circuit de pixel (420) les première et seconde bornes dudit transistor d’attaque
(426) se réglant automatiquement pendant que le courant de polarisation contrôlable traverse le transistor d’attaque
(426);
le circuit de commande étant en outre configuré pour fournir, pendant le cycle de commande (X72), sur la ligne de
sélection (SEL) une tension désactivant le premier transistor de commutation (428), le second transistor de com-
mutation (430) et le commutateur de tension de référence (432)), et pour fournir, pendant le cycle d’attaque, sur la
ligne de contrôle d’émission (EM), une tension activant le premier transistor de contrôle d’émission (434) et le second
transistor de contrôle d’émission (436).

3. Circuit de pixel selon la revendication 1, dans lequel le dispositif électroluminescent (422) comprend une diode
électroluminescente organique.

4. Circuit de pixel selon la revendication 1, dans lequel au moins l’un des transistors (426, 428, 430, 432, 434, 436)
est un transistor à couche mince.

5. Circuit de pixel selon la revendication 1, dans lequel au moins l’un des transistors (426, 428, 430, 432, 434, 436)
est mis en oeuvre en utilisant des technologies organométalliques à base de techniques de poly silicium, silicium
nano/micro cristallin, silicium amorphe, à semi-conducteur CMOS, ou une combinaison de ces technologies.
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