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1
METHOD AND SYSTEM FOR
PROGRAMMING AND DRIVING ACTIVE
MATRIX LIGHT EMITTING DEVICE PIXEL
HAVING A CONTROLLABLE SUPPLY
VOLTAGE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/243,065, filed Sep. 23, 2011, which is a
continuation of U.S. patent application Ser. No. 12/851,652,
filed Aug. 6, 2010; which is a continuation of U.S. patent
application Ser. No. 11/298,240, filed Dec. 7, 2005, now
issued as U.S. Pat. No. 7,800,565, which claims priority to
Canadian Patent No. 2,490,858, filed Dec. 7, 2004, each of
which is incorporated herein by reference in its entirety.

FIELD OF INVENTION

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

Recently active-matrix organic light-emitting diode
(AMOLED) displays with amorphous silicon (a-Si), poly-
silicon, organic, or other driving backplane 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 tempera-
ture fabrication that broadens the use of different substrates
and makes flexible displays feasible, and its low cost fabrica-
tion that yields high resolution displays with a wide viewing
angle.

The AMOLED display includes an array of rows and col-
umns 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 pro-
viding an accurate and constant drive current.

FIG. 1 shows a pixel circuit as disclosed in U.S. Pat. No.
5,748,160. The pixel circuit of FIG. 1 includes an OLED 10,
a driving thin film transistor (TFT) 11, a switch TFT 13, and
a storage capacitor 14. The drain terminal of the driving TFT
11 is connected to the OLED 10. The gate terminal of the
driving TFT 11 is connected to a column line 12 through the
switch TFT 13. The storage capacitor 14, which is connected
between the gate terminal of the driving TFT 11 and the
ground, is used to maintain the voltage at the gate terminal of
the driving TFT 11 when the pixel circuit is disconnected
from the column line 12. The current through the OLED 10
strongly depends on the characteristic parameters of the driv-
ing TFT 11. Since the characteristic parameters of the driving
TFT 11, in particular the threshold voltage under bias stress,
vary by time, and such changes may differ from pixel to pixel,
the induced image distortion may be unacceptably high.

U.S. Pat. No. 6,229,508 discloses a voltage-programmed
pixel circuit which provides, to an OLED, a current indepen-
dent of the threshold voltage of a driving TFT. In this pixel,
the gate-source voltage of the driving TFT is composed of a
programming voltage and the threshold voltage of the driving
TFT. A drawback of U.S. Pat. No. 6,229,508 is that the pixel
circuit requires extra transistors, and is complex, which
results in a reduced yield, reduced pixel aperture, and reduced
lifetime for the display.
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Another method to make a pixel circuit less sensitive to a
shift in the threshold voltage of the driving transistor is to use
current programmed pixel circuits, such as pixel circuits dis-
closed in U.S. Pat. No. 6,734,636. In the conventional current
programmed pixel circuits, the gate-source voltage of the
driving TFT is self-adjusted based on the current that flows
through it in the next frame, so that the OLED current is less
dependent on the current-voltage characteristics of the driv-
ing TFT. A drawback of the current-programmed pixel circuit
is that an overhead associated with low programming current
levels arises from the column line charging time due to the
large line capacitance.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a method and
system that obviates or mitigates at least one of the disadvan-
tages of existing systems.

In accordance with an aspect to the present invention there
is provided a method of programming and driving a display
system, the display system includes: a display array having a
plurality of pixel circuits arranged in row and column, each
pixel circuit having: a light emitting device having a first
terminal and a second terminal, the first terminal of the light-
ing device being connected to a voltage supply electrode; a
capacitor having a first terminal and a second terminal; a
switch transistor having a gate terminal, a first terminal and a
second terminal, the gate terminal of the switch transistor
being connected to a select line, the first terminal of the switch
transistor being connected to a signal line for transferring
voltage data, the second terminal of the switch transistor
being connected to the first terminal of the capacitor; and a
driving transistor having a gate terminal, a first terminal and a
second terminal, the gate terminal of the driving transistor
being connected to the second terminal of the switch transis-
tor and the first terminal of the capacitor at a firstnode (A), the
first terminal of the driving transistor being connected to the
second terminal of the light emitting device and the second
terminal of the capacitor at a second node (B), the second
terminal of the driving transistor being connected to a con-
trollable voltage supply line; a driver for driving the select
line, the controllable voltage supply line and the signal line to
operate the display array; the method including the steps of: at
a programming cycle, at a first operating cycle, charging the
second node at a first voltage defined by (VREF-VT) or
(-VREF+VT), where VREF represents a reference voltage
and VT represents a threshold voltage of the driving transis-
tor; at a second operating cycle, charging the first node at a
second voltage defined by (VREF+VP) or (-VREF+VP) so
that the difference between the first and second node voltages
is stored in the storage capacitor, where VP represents a
programming voltage; at a driving cycle, applying the voltage
stored in the storage capacitor to the gate terminal of the
driving transistor.

In accordance with a further aspect to the present invention
there is provided a method of programming and driving a
display system, the display system includes: a display array
having a plurality of pixel circuits arranged in row and col-
umn, each pixel circuit having: a light emitting device having
afirst terminal and a second terminal, the first terminal of the
lighting device being connected to a voltage supply electrode;
a first capacitor and a second capacitor, each having a first
terminal and a second terminal; a first switch transistor having
a gate terminal, a first terminal and a second terminal, the gate
terminal of the first switch transistor being connected to a first
select line, the first terminal of the first switch transistor being
connected to the second terminal of the light emitting device,
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the second terminal of the first switch being connected to the
first terminal of the first capacitor; a second switch transistor
having a gate terminal, a first terminal and a second terminal,
the gate terminal of the second switch transistor being con-
nected to a second select line, the first terminal of the second
switch transistor being connected to a signal line for transfer-
ring voltage data; a driving transistor having a gate terminal,
afirst terminal and a second terminal, the first terminal of the
driving transistor being connected to the second terminal of
the light emitting device at a first node (A), the gate terminal
of the driving transistor being connected to the second termi-
nal of the first switch transistor and the first terminal of the
first capacitor at a second node (B), the second terminal of the
driving transistor being connected to a controllable voltage
supply line; the second terminal of the second switch transis-
tor being connected to the second terminal of the first capaci-
tor and the first terminal of the second capacitor at a third node
(C); a driver for driving the first and second select line, the
controllable voltage supply line and the signal line to operate
the display array, the method including the steps of: at a
programming cycle, at a first operating cycle, controlling the
voltage of each of the first node and the second node so as to
store (VI+VP) or -(VT+VP) in the first storage capacitor,
where VT represents a threshold voltage of the driving tran-
sistor, VP represents a programming voltage; at a second
operating cycle, discharging the third node; ata driving cycle,
applying the voltage stored in the storage capacitor to the gate
terminal of the driving transistor.

Inaccordance with a further aspect to the present invention
there is provided a display system including: a display array
having a plurality of pixel circuits arranged in row and col-
umn, each pixel circuit having: a light emitting device having
afirst terminal and a second terminal, the first terminal of the
lighting device being connected to a voltage supply electrode;
a capacitor having a first terminal and a second terminal; a
switch transistor having a gate terminal, a first terminal and a
second terminal, the gate terminal of the switch transistor
being connected to a select line, the first terminal of the switch
transistor being connected to a signal line for transferring
voltage data, the second terminal of the switch transistor
being connected to the first terminal of the capacitor; and a
driving transistor having a gate terminal, a first terminal and a
second terminal, the gate terminal of the driving transistor
being connected to the second terminal of the switch transis-
tor and the first terminal of the capacitor at a firstnode (A), the
first terminal of the driving transistor being connected to the
second terminal of the light emitting device and the second
terminal of the capacitor at a second node (B), the second
terminal of the driving transistor being connected to a con-
trollable voltage supply line; a driver for driving the select
line, the controllable voltage supply line and the signal line to
operate the display array; and a controller for implementing a
programming cycle and a driving cycle on each row of the
display array using the driver; wherein the programming
cycle includes a first operating cycle’and a second operating
cycle, wherein at the first operating cycle, the second node is
charged at a first voltage defined by (VREF-VT) or
(-VREF+VT), where VREF represents a reference voltage
and VT represents a threshold voltage of the driving transis-
tor, at the second operating cycle, the first node is charged at
a second voltage defined by (VREF+VP) or (-VREF+VP) 50
that the difference between the first and second node voltages
is stored in the storage capacitor, where VP represents a
programming voltage; wherein at the driving cycle, the volt-
age stored in the storage capacitor is applied to the gate
terminal of the driving transistor.
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In accordance with a further aspect to the present invention
there 1s provided a display system including: a display array
having a plurality of pixel circuits arranged in row and col-
umn, each pixel circuit having: a light emitting device having
afirst terminal and a second terminal, the first terminal of the
lighting device being connected to a voltage supply electrode;
a first capacitor and a second capacitor, each having a first
terminal and a second terminal; a first switch transistor having
a gate terminal, a first terminal and a second terminal, the gate
terminal of the first switch transistor being connected to a first
select line, the first terminal of the first switch transistor being
connected to the second terminal of the light emitting device,
the second terminal of the first switch being connected to the
first terminal of the first capacitor; a second switch transistor
having a gate terminal, a first terminal and a second terminal,
the gate terminal of the second switch transistor being con-
nected to a second select line, the first terminal of the second
switch transistor being connected to a signal line for transfer-
ring voltage data; a driving transistor having a gate terminal,
a first terminal and a second terminal, the first terminal of the
driving transistor being connected to the second terminal of
the light emitting device at a first node (A), the gate terminal
of the driving transistor being connected to the second termi-
nal of the first switch transistor and the first terminal of the
first capacitor at a second node (B), the second terminal of the
driving transistor being connected to a controllable voltage
supply line; the second terminal of the second switch transis-
tor being connected to the second terminal of the first capaci-
tor and the first terminal of the second capacitor at a third node
(C); a driver for driving the first and second select line, the
controllable voltage supply line and the signal line to operate
the display array; and a controller for implementing a pro-
gramming cycle and a driving cycle on each row of the dis-
play array using the driver; wherein the programming cycle
includes a first operating cycle and a second operating cycle,
wherein at the first operating cycle, the voltage of each of the
first node and the second node is controlled so as to store
(VT+VP) or —(VT+VP) in the first storage capacitor, where
VT represents athreshold voltage of the driving transistor, VP
represents a programming voltage, at the second operating
cycle, the third node is discharged, wherein at the driving
cycle, the voltage stored in the storage capacitor is applied to
the gate terminal of the driving transistor.

This summary of the invention does not necessarily
describe all features of the invention.

Other aspects and features of the present invention will be
readily apparent to those skilled in the art from a review ofthe
following detailed description of preferred embodiments in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

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:

FIG. 1 is a diagram showing a conventional 2-TFT voltage
programmed pixel circuit;

FIG. 2 is a timing diagram showing an example of pro-
gramming and driving cycles in accordance with an embodi-
ment of the present invention, which is applied to a display
array;

FIG. 3 is a diagram showing a pixel circuit to which pro-
gramming and driving technique in accordance with an
embodiment of the present invention is applied,

FIG. 4 is a timing diagram showing an example of wave-
forms for programming and driving the pixel circuit of FIG. 3;
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FIG. 5 is a diagram showing a lifetime test result for the
pixel circuit of FIG. 3;

FIG. 6 is a diagram showing a display system having the
pixel circuit of FIG. 3;

FIG. 7(a) is a diagram showing an example of the array
structure having top emission pixels which are applicable to
the array of FIG. 6;

FIG. 7(b) is a diagram showing an example of the array
structure having bottom emission pixels which are applicable
to the array of FIG. 6;

FIG. 8 is a diagram showing a pixel circuit to which pro-
gramming and driving technique in accordance with a further
embodiment of the present invention is applied,

FIG. 9 is a timing diagram showing an example of wave-
forms for programming and driving the pixel circuit of FIG. 8;

FIG. 10 is a diagram showing a pixel circuit to which
programming and driving technique in accordance with a
further embodiment of the present invention is applied;

FIG. 11 is a timing diagram showing an example of wave-
forms for programming and driving the pixel circuit of FIG.
10;

FIG. 12 is a diagram showing a pixel circuit to which
programming and driving technique in accordance with a
further embodiment of the present invention is applied;

FIG. 13 is a timing diagram showing an example of wave-
forms for programming and driving the pixel circuit of FIG.
12;

FIG. 14 is a diagram showing a pixel circuit to which
programming and driving technique in accordance with a
further embodiment of the present invention is applied;

FIG. 15 is a timing diagram showing an example of wave-
forms for programming and driving the pixel circuit of FIG.
14;

FIG. 16 is a diagram showing a display system having the
pixel circuit of FIG. 14;

FIG. 17 is a diagram showing a pixel circuit to which
programming and driving technique in accordance with a
further embodiment of the present invention is applied;

FIG. 18 is a timing diagram showing an example of wave-
forms for programming and driving the pixel circuit of FIG.
17,

FIG. 19 is a diagram showing a pixel circuit to which
programming and driving technique in accordance with a
further embodiment of the present invention is applied;

FIG. 20 is a timing diagram showing an example of wave-
forms for programming and driving the pixel circuit of FIG.
19;

FIG. 21 is a diagram showing a pixel circuit to which
programming and driving technique in accordance with a
further embodiment of the present invention is applied; and

FIG. 22 is a timing diagram showing an example of wave-
forms for programming and driving the pixel circuit of FIG.
21,

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

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 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.

FIG. 2 is a diagram showing programming and driving
cycles in accordance with an embodiment of the present
invention. In FIG. 2, each of ROW(j), ROW(j+1), and ROW

10

15

20

25

30

35

40

45

50

55

60

65

6

(j#2) represents a row of the display array where a plurality of
pixel circuits are arranged in row and column.

The programming and driving cycle for a frame occurs
after the programming and driving cycle for a next frame. The
programming and driving cycles for the frame at a ROW
overlaps with the programming and driving cycles for the
same frame at a next ROW. As described below, during the
programming cycle, the time depending parameter(s) of the
pixel circuit is extracted to generate a stable pixel current.

FIG. 3 illustrates a pixel circuit 200 to which programming
and driving technique in accordance with an embodiment of
the present invention is applied. The pixel circuit 200 includes
an OLED 20, a storage capacitor 21, a driving transistor 24,
and a switch transistor 26. The pixel circuit 200 is a voltage
programmed pixel circuit. Each of the transistors 24 and 26
has a gate terminal, a first terminal and a second terminal. In
the description, the first terminal (second terminal) may be,
but not limited to, a drain terminal or a source terminal (a
source terminal or a drain terminal).

The transistors 24 and 26 are n-type TFTs. However, the
transistors 24 and 26 may be p-type transistors. As described
below, the driving technique applied to the pixel circuit 200 is
also applicable to a complementary pixel circuit having
p-type transistors as shown in FIG. 14. The transistors 24 and
26 may be fabricated using amorphous silicon, nano/micro
crystalline silicon, poly silicon, organic semiconductors tech-
nologies (e.g. organic TFT), NMOS/PMOS technology or
CMOS technology (e.g. MOSFET).

The first terminal of the driving transistor 24 is connected
to a controllable voltage supply line VDD. The second termi-
nal of the driving transistor 24 is connected to the anode
electrode of the OLED 20. The gate terminal of the driving
transistor 24 is connected to a signal line VDATA through the
switch transistor 26. The storage capacitor 21 is connected
between the source and gate terminals of the driving transistor
24.

The gate terminal of the switch transistor 26 is connected to
aselect line SEL. The first terminal of the switch transistor 26
is connected to the signal line VDATA. The second terminal
of the switch transistor 26 is connected to the gate terminal of
the driving transistor 24. The cathode electrode of the OLED
20 is connected to a ground voltage supply electrode.

The transistors 24 and 26 and the storage capacitor 21 are
connected at node A1. The transistor 24, the OLED 20 and the
storage capacitor 21 are connected at node B1.

FIG. 4 illustrates a timing diagram showing an example of
waveforms for programming and driving the pixel circuit 200
of FIG. 3. Referring to FIGS. 3 and 4, the operation of the
pixel circuit 200 includes a programming cycle having three
operating cycles X11, X12 and X13, and a driving cycle
having one operating cycle X14.

During the programming cycle, node B1 is charged to the
negative threshold voltage of the driving transistor 24, and
node Al is charged to a programming voltage VP.

As aresult, the gate-source voltage of the driving transistor
24 goes to:

VGS=VP-(-VT)=VP+VT a)

where VGS represents the gate-source voltage of the driving
transistor 24, and VT represents the threshold voltage of the
driving transistor 24.

Since the driving transistor 24 is in saturation regime of
operation, its current is defined mainly by its gate-source
voltage. As a result the current of the driving transistor 24
remains constant even if the OLED voltage changes, since its
gate-source voltage 1s stored in the storage capacitor 21.
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In the first operating cycle X11: VDD goes to a compen-
sating voltage VCOMPB, and VDATA goes to a high positive
compensating voltage VCOMPA, and SEL is high. As a
result, node Al is charged to VCOMPA and node B1 is
charged to VCOMPB.

In the second operating cycle X12: While VDATA goes to
areference voltage VREF, node B1 is discharged through the
driving transistor 24 until the driving transistor 24 turns off.
As a result, the voltage of node B1 reaches (VREF-VT).
VDD has a positive voltage VH to increase the speed of this
cycle X12. For optimal setting time, VH can be set to be equal
to the operating voltage which is the voltage on VDD during
the driving cycle.

In the third operating cycle X13: VDD goes to its operating
voltage. While SEL is high, node Al is charged to (VP+
VREF). Because the capacitance 22 of the OLED 20 is large,
the voltage at node B1 stays at the voltage generated in the
previous cycle X12. Thus, the voltage of node B1 is (VREF-
VT). Therefore, the gate-source voltage of the driving tran-
sistor 241s (VP+VT), and this gate-source voltage is stored in
the storage capacitor 21.

In the fourth operating cycle X14: SEL and VDATA go to
zero. VDD is the same as that of the third operating cycle X13.
However, VDD may be higher than that of the third operating
cycle X13. The voltage stored in the storage capacitor 21 is
applied to the gate terminal of the driving transistor 24. Since
the gate-source voltage of the driving transistor 24 include its
threshold voltage and also is independent of the OLED volt-
age, the degradation of the OLED 20 and instability of the
driving transistor 24 does not affect the amount of current
flowing through the driving transistor 24 and the OLED 20.

It is noted that the pixel circuit 200 can be operated with
different values of VCOMPB, VCOMPA, VP, VREF and VH.
VCOMPB, VCOMPA, VP, VREF and VH define the lifetime
of the pixel circuit 200. Thus, these voltages can be defined in
accordance with the pixel specifications.

FIG. 5 illustrates a lifetime test result for the pixel circuit
and waveform shown in FIGS. 3 and 4. In the test, a fabricated
pixel circuit was put under the operation for a long time while
the current of the driving transistor (24 of FIG. 3) was moni-
tored to investigate the stability of the driving scheme. The
result shows that OLED current is stable after 120-hour
operation. The VT shift of the driving transistor is 0.7 V.

FIG. 6 illustrates a display system having the pixel circuit
2000fFIG. 3. VDD1 and VDD2 of FIG. 6 correspond to VDD
of FIG. 3. SEL1 and SEL2 of FIG. 6 correspond to SEL of
FIG. 3. VDATA1 and VDATA2 of FIG. 6 correspond to
VDATA of FIG. 3. The array of FIG. 6 is an active matrix light
emitting diode (AMOLED) display having a plurality of the
pixel circuits 200 of FIG. 3. The pixel circuits are arranged in
rows and columns, and interconnections 41, 42 and 43
(VDATAL1, SEL1, VDD1). VDATA1 (or VDATA 2) is shared
between the common column pixels while SEL1 (or SEL2)
and VDD1 (or VDD2) are shared between common row pix-
els in the array structure.

A driver 300 is provided for driving VDATA1l and
VDATA2. A driver 302 is provided for driving VDD1, VDD2,
SEL1 and SEL 2, however, the driver for VDD and SEL lines
can also be implemented separately. A controller 304 controls
the drivers 300 and 302 to programming and driving the pixel
circuits as described above. The timing diagram for program-
ming and driving the display array of FIG. 6 is as shown in
FIG. 2. Each programming and driving cycle may be the same
as that of FIG. 4.

FIG. 7(a) illustrates an example of array structure having
top emission pixels are arranged. FIG. 7(b) illustrates an
example of array structure having bottom emission pixels are
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arranged. The array of FIG. 6 may have array structure shown
in FIG. 7(a) or 7(b). In FIG. 7(a), 400 represents a substrate,
402 represents a pixel contact, 403 represents a (top emission)
pixel circuit, and 404 represents a transparent top electrode on
the OLEDs. In FIG. 7(b), 410 represents a transparent sub-
strate, 411 represents a (bottom emission) pixel circuit, and
412 represents a top electrode. All of the pixel circuits includ-
ing the TFTs, the storage capacitor, the SEL, VDATA, and
VDD lines are fabricated together. After that, the OLEDs are
fabricated for all pixel circuits. The OLED is connected to the
corresponding driving transistor using a via (e.g. B1 of FIG.
3) as shown in FIGS. 7(a) and 7(b). The panel is finished by
deposition of the top electrode on the OLEDs which can be a
continuous layer, reducing the complexity of the design and
can be used to turn the entire display ON/OFF or control the
brightness.

FIG. 8 illustrates a pixel circuit 202 to which programming
and driving technique in accordance with a further embodi-
ment of the present invention is applied. The pixel circuit 202
includes an OLED 50, two storage capacitors 52 and 53, a
driving transistor 54, and switch transistors 56 and 58. The
pixel circuit 202 is a top emission, voltage programmed pixel
circuit. This embodiment principally works in the same man-
ner as that of FIG. 3. However, in the pixel circuit 202, the
OLED 50 is connected to the drain terminal of the driving
transistor 54. As a result, the circuit can be connected to the
cathode Of the OLED 50. Thus, the OLED deposition can be
started with the cathode.

The transistors 54, 56 and 58 are n-type TFTs. However,
the transistors 54; 56 and 58 may be p-type transistors The
driving technique applied to the pixel circuit 202 is also
applicable to a complementary pixel circuit having p-type
transistors as shown in FIG. 17. The transistors 54, 56 and 58
may be fabricated using amorphous silicon, nano/micro crys-
talline silicon, poly silicon, organic semiconductors tech-
nologies (e.g. organic TFT), NMOS/PMOS technology or
CMOS technology (e.g. MOSFET).

The first terminal of the driving transistor 54 is connected
to the cathode electrode of the OLED 50. The second terminal
of the driving transistor 54 is connected to a controllable
voltage supply line VSS. The gate terminal of the driving
transistor 54 is connected to its first line (terminal) through
the switch transistor 56. The storage capacitors 52 and 53 are
in series, and are connected between the gate terminal of the
driving transistor 54 and a common ground. The voltage on
the voltage supply line VSS is controllable. The common
ground may be connected to VSS.

The gate terminal of the switch transistor 56 is connected to
a first select line SEL1. The first terminal of the switch tran-
sistor 56 is connected to the drain terminal of the driving
transistor 54. The second terminal of the switch transistor 56
is connected to the gate terminal of the driving transistor 54.

The gate terminal of the switch transistor 58 is connected to
a second select line SEL2. The first terminal of the switch
transistor 58 is connected to a signal line VDATA. The second
terminal of the switch transistor 58 is connected to the shared
terminal of the storage capacitors 52 and 53 (i.e. node C2).
The anode electrode ofthe OLED 50 is connected to a voltage
supply electrode VDD.

The OLED 50 and the transistors 54 and 56 are connected
at node A2. The storage capacitor 52 and the transistors 54
and 56 are connected at node B2.

FIG. 9 illustrates a timing diagram showing an example of
waveforms for programming and driving the pixel circuit 202
of FIG. 8. Referring to FIGS. 8 and 9, the operation of the
pixel circuit 202 includes a programming cycle having four
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operating cycles X21, X22, X23 and X24, and a driving cycle
having one operating cycle X25.

During the programming cycle, a programming voltage
plus the threshold voltage of the driving transistor 54 is stored
in the storage capacitor 52. The source terminal of the driving
transistor 54 goes to zero, and the second storage capacitor 53
is charged to zero.

As aresult, the gate-source voltage of the driving transistor
54 goes to:

VGS=VP+VT @

where VGS represents the gate-source voltage of the driving
transistor 54, VP represents the programming voltage, and
VT represents the threshold voltage of the driving transistor
54.

In the first operating cycle X21: VSS goes to ahigh positive
voltage, and VDATA is zero. SEL1 and SEL.2 are high. There-
fore, nodes A2 and B2 are charged to a positive voltage.

In the second operating cycle X22: While SEL1 is low and
the switch transistor 56 is off, VDATA goes to a high positive
voltage. As a result, the voltage at node B2 increases (i.e.
bootstrapping) and node A2 is charged to the voltage of VSS.
At this voltage, the OLED 50 is off.

In the third operating cycle X23: VSS goes to a reference
voltage VREF. VDATA goes to (VREF-VP). At the begin-
ning of this cycle, the voltage of node B2 becomes almost
equal to the voltage of node A2 because the capacitance 51 of
the OLED 50 is bigger than that of the storage capacitor 52.
After that, the voltage of node B2 and the voltage of node A2
are discharged through the driving transistor 54 until the
driving transistor 54 turns off. As a result, the gate-source
voltage of the driving transistor 54 is (VREF+VT), and the
voltage stored in storage capacitor 52 is (VP+VT).

Inthe fourth operating cycle X24: SEL1 is low. Since SEL2
is high, and VDATA is zero, the voltage at node C2 goes to
Zero.

In the fifth operating cycle X25: VSS goes to its operating
voltage during the driving cycle. In FIG. 5, the operating
voltage of VSS is zero. However, it may be any voltage other
than zero. SEL2 is low. The voltage stored in the storage
capacitor 52 is applied to the gate terminal of the driving
transistor 54. Accordingly, a current independent of the
threshold voltage VT of the driving transistor 54 and the
voltage of the OLED 50 flows through the driving transistor
54 and the OLED 50. Thus, the degradation of the OLED 50
and instability of the driving transistor 54 does not affect the
amount of the current flowing through the driving transistor
54 and the OLED 50.

FIG. 10 illustrates a pixel circuit 204 to which program-
ming and driving technique in accordance with a further
embodiment of the present invention is applied. The pixel
circuit 204 includes an OLED 60, two storage capacitors 62
and 63, a driving transistor 64, and switch transistors 66 and
68. The pixel circuit 204 is a top emission, voltage pro-
grammed pixel circuit. The pixel circuit 204 principally
works similar to that of in FIG. 8. However, one common
select line is used to operate the pixel circuit 204, which can
increase the available pixel area and aperture ratio.

The transistors 64, 66 and 68 are n-type TFTs. However,
The transistors 64, 66 and 68 may be p-type 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 FI1G. 19. The transistors 64, 66 and 68
may be fabricated using amorphous silicon, nano/micro crys-
talline silicon, poly silicon, organic semiconductors tech-
nologies (e.g. organic TFT), NMOS/PMOS technology or
CMOS technology (e.g. MOSFET).

10

15

20

25

30

35

40

45

50

55

60

65

10

The first terminal of the driving transistor 64 is connected
to the cathode electrode of the OLED 60. The second terminal
of the driving transistor 64 is connected to a controllable
voltage supply line VSS. The gate terminal of the driving
transistor 64 is connected to its first line (terminal) through
the switch transistor 66. The storage capacitors 62 and 63 are
in series, and are connected between the gate terminal of the
driving transistor 64 and the common ground. The voltage of
the voltage supply line VSS is controllable. The common
ground may be connected to VSS.

The gate terminal of the switch transistor 66 is connected to
aselect line SEL. The first terminal of the switch transistor 66
is connected to the first terminal of the driving transistor 64.
The second terminal of the switch transistor 66 is connected
to the gate terminal of the driving transistor 64.

The gate terminal of the switch transistor 68 is connected to
the select line SEL. The first terminal of the switch transistor
68 is connected to a signal line VDATA. The second terminal
is connected to the shared terminal of storage capacitors 62
and 63 (i.e. node C3). The anode electrode ofthe OLED 60 is
connected to a voltage supply electrode VDD.

The OLED 60 and the transistors 64 and 66 are connected
at node A3. The storage capacitor 62 and the transistors 64
and 66 are connected at node B3.

FIG. 11 1llustrates a timing diagram showing an example of
waveforms for programming and driving the pixel circuit 204
of FIG. 10. Referring to FIGS. 10 and 11, the operation of the
pixel circuit 204 includes a programming cycle having three
operating cycles X31, X32 and X33, and a driving cycle
includes one operating cycle X34.

During the programming cycle, a programming voltage
plus the threshold voltage ofthe driving transistor 64 is stored
in the storage capacitor 62. The source terminal of the driving
transistor 64 goes to zero and the storage capacitor 63 is
charged to zero.

As aresult, the gate-source voltage of the driving transistor
64 goes to:

VGS=VP+VT 3)
where VGS represents the gate-source voltage of the driving
transistor 64, VP represents the programming voltage, and
VT represents the threshold voltage of the driving transistor
64.

In the first operating cycle X31: VSS goes to a high positive
voltage, and VDATA is zero. SEL is high. As a result, nodes
A3 and B3 are charged to a positive voltage. The OLED 60
turns off.

In the second operating cycle X32: While SEL is high, VSS
goes to a reference voltage VREF. VDATA goes to (VREF-
VP). As a result, the voltage at node B3 and the voltage of
node A3 are discharged through the driving transistor 64 until
the driving transistor 64 turns off. The voltage of node B3 is
(VREF+VT), and the voltage stored in the storage capacitor
62 is (VP+VT).

Inthe third operating cycle X33: SEL goes to VM. VM is an
intermediate voltage in which the switch transistor 66 is off
and the switch transistor 68 is on. VDATA goes to zero. Since
SEL is VM and VDATA is zero, the voltage of node C3 goes
to zero.

VM is defined as:

VT3<<VM<VREF+VTI+VT2 (a)

where VT1 represents the threshold voltage of the driving
transistor 64, VT2 represents the threshold voltage of the
switch transistor 66, and VT3 represents the threshold voltage
of the switch transistor 68.
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The condition (a) forces the switch transistor 66 to be off
and the switch transistor 68 to be on. The voltage stored in the
storage capacitor 62 remains intact.

Inthe fourth operating cycle X34: VSS goes to its operating
voltage during the driving cycle. In FIG. 11, the operating
voltage of VSS is zero. However, the operating voltage of
VSS may be any voltage other than zero. SEL is low. The
voltage stored in the storage capacitor 62 is applied to the gate
of the driving transistor 64. The driving transistor 64 is ON.
Accordingly, a current independent of the threshold voltage
VT of the driving transistor 64 and the voltage of the OLED
60 flows through the driving transistor 64 and the OLED 60.
Thus, the degradation of the OLED 60 and instability of the
driving transistor 64 does not affect the amount of the current
flowing through the driving transistor 64 and the OLED 60.

FIG. 12 illustrates a pixel circuit 206 to which program-
ming and driving technique in accordance with a further
embodiment of the present invention is applied. The pixel
circuit 206 includes an OLED 70, two storage capacitors 72
and 73, a driving transistor 74, and switch transistors 76 and
78. The pixel circuit 206 is a top emission, voltage pro-
grammed pixel circuit.

The transistors 74, 76 and 78 are n-type TFTs. However,
the transistors 74, 76 and 78 may be p-type transistors. The
driving technique applied to the pixel circuit 206 is also
applicable to a complementary pixel circuit having p-type
transistors as shown in FIG. 21. The transistors 74, 76 and 78
may be fabricated using amorphous silicon, nano/micro crys-
talline silicon, poly silicon, organic semiconductors tech-
nologies (e.g. organic TFT), NMOS/PMOS technology or
CMOS technology (e.g. MOSFET).

The first terminal of the driving transistor 74 is connected
to the cathode electrode of the OLED 70. The second terminal
of the driving transistor 74 is connected to a common ground.
The gate terminal of the driving transistor 74 is connected to
its first line (terminal) through the switch transistor 76. The
storage capacitors 72 and 73 are in series, and are connected
between the gate terminal of the driving transistor 74 and the
common ground.

The gate terminal of the switch transistor 76 is connected to
aselect line SEL. The first terminal of the switch transistor 76
is connected to the first terminal of the driving transistor 74.
The second terminal of the switch transistor 76 is connected
to the gate terminal of the driving transistor 74.

The gate terminal of the switch transistor 78 is connected to
the select line SEL. The first terminal of the switch transistor
78 is connected to a signal line VDATA. The second terminal
is connected to the shared terminal of storage capacitors 72
and 73 (i.e. node C4). The anode electrode of the OLED 70 is
connected to a voltage supply electrode VDD. The voltage of
the voltage electrode VDD is controllable.

The OLED 70 and the transistors 74 and 76 are connected
at node Ad. The storage capacitor 72 and the transistors 74
and 76 are connected at node B4.

FIG. 13 illustrates a timing diagram showing an example of
waveforms for programming and driving the pixel circuit 206
of FIG. 12. Referring to FIGS. 12 and 13, the operation of the
pixel circuit 206 includes a programming cycle having four
operating cycles X41, X42, X43 and X44, and a driving cycle
having one driving cycle 45.

During the programming cycle, a programming voltage
plus the threshold voltage of the driving transistor 74 is stored
in the storage capacitor 72. The source terminal of the driving
transistor 74 goes to zero and the storage capacitor 73 is
charged to zero.
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As aresult, the gate-source voltage of the driving transistor
74 goes to:
VGS=VP-VT )

where VGS represents the gate-source voltage of the driving
transistor 74, VP represents the programming voltage, and
VT represents the threshold voltage of the driving transistor
74.

In the first operating cycle X41: SEL is high. VDATA goes
to alow voltage. While VDD is high, node B4 and node A4 are
charged to a positive voltage.

In the second operating cycle X42: SEL is low, and VDD
goes to a reference voltage VREF where the OLED 70 is off.

Inthe third operating cycle X43: VDATA goes to (VREF2-
VP) where VREF2 is a reference voltage. It is assumed that
VREF2 is zero. However, VREF2 can be any voltage other
than zero. SEL is high. Therefore, the voltage of node B4 and
the voltage of node A4 become equal at the beginning of this
cycle. It is noted that the first storage capacitor 72 is large
enough so that its voltage becomes dominant. After that, node
B4 is discharged through the driving transistor 74 until the
driving transistor 74 turns off.

As aresult, the voltage of node B4 is VT (i.e. the threshold
voltage of the driving transistor 74). The voltage stored in the
first storage capacitor 72 is (VP-VREF2+VT)=(VP+VT)
where VREF2=0.

In the fourth operating cycle X44: SEL goes to VM where
VM is an intermediate voltage at which the switch transistor
76 is off and the switch transistor 78 is on. VM satisfies the
following condition:

VI3<<VM<VP+VT (b)

where VT3 represents the threshold voltage of the switch
transistor 78.

VDATA goes to VREF2 (=0). The voltage of node C4 goes
to VREF2 (=0).

This results in that the gate-source voltage VGS of the
driving transistor 74 is (VP+VT). Since VM<VP+VT, the
switch transistor 76 is off, and the voltage stored in the storage
capacitor 72 stays at VP+VT.

In the fifth operating cycle X45: VDD goes to the operating
voltage. SEL is low. The voltage stored in the storage capaci-
tor 72 is applied to the gate of the driving transistor 74.
Accordingly, a current independent of the threshold voltage
VT of the driving transistor 74 and the voltage of the OLED
70 flows through the driving transistor 74 and the OLED 70.
Thus, the degradation of the OLED 70 and instability of the
driving transistor 74 does not affect the amount of the current
flowing through the driving transistor 74 and the OLED 70.

FIG. 14 illustrates a pixel circuit 208 to which program-
ming and driving technique in accordance with a further
embodiment of the present invention is applied. The pixel
circuit 208 includes an OLED 80, a storage capacitor 81, a
driving transistor 84 and a switch transistor 86. The pixel
circuit 208 corresponds to the pixel circuit 200 of FIG. 3, and
a voltage programmed pixel circuit.

The transistors 84 and 86 are p-type TFTs. The transistors
84 and 86 may be fabricated using amorphous silicon, nano/
micro crystalline silicon, poly silicon, organic semiconduc-
tors technologies (e.g. organic TFT), CMOS technology (e.g.
MOSFET) and any other technology which provides p-type
transistors.

The first terminal of the driving transistor 84 is connected
to a controllable voltage supply line VSS. The second termi-
nal of the driving transistor 84 is connected to the cathode
electrode of the OLED 80. The gate terminal of the driving
transistor 84 is connected to a signal line VDATA through the
switch transistor 86. The storage capacitor 81 is connected
between the second terminal and the gate terminal of the
driving transistor 84.
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The gate terminal of the switch transistor 86 is connected to
aselect line SEL. The first terminal of the switch transistor 86
is connected to the signal line VDATA. The second terminal
of the switch transistor 86 is connected to the gate terminal of
the driving transistor 84. The anode electrode ofthe OLED 80
is connected to a ground voltage supply electrode.

The storage capacitor 81 and the transistors 84 and 85 are
connected at node A5. The OLED 80, the storage capacitor 81
and the driving transistor 84 are connected at node B5.

FIG. 15 illustrates a timing diagram showing an example of
waveforms for programming and driving the pixel circuit 208
of Figure. FIG. 15 corresponds to FIG. 4. VDATA and VSS
are used to programming and compensating for a time depen-
dent parameter of the pixel circuit 208, which are similar to
VDATA and VDD of FIG. 4. Referring to FIGS. 14 and 15, the
operation of the pixel circuit 208 includes a programming
cycle having three operating cycles X51, X52 and X53,and a
driving cycle having one operating cycle X54.

During the programming cycle, node B5 is charged to a
positive threshold voltage of the driving transistor 84, and
node A5 is charged to a negative programming voltage.

As aresult, the gate-source voltage of the driving transistor
84 goes to:

VGS=-VP+(=IVT )=VP-|VT| )

where VGS represents the gate-source voltage of the driving
transistor 84, VP represents the programming voltage, and
VT represents the threshold voltage of the driving transistor
84.

In the first operating cycle X51: VSS goes to a positive
compensating voltage VCOMPB, and VDATA goes to a
negative compensating voltage (-VCOMPA), and SEL is
low. As a result, the switch transistor 86 is on. Node A5 is
charged to (-VCOMPA). Node B5 is charged to VCOMPB.

In the second operating cycle X52: VDATA goes to a
reference voltage

VREF. Node B5 is discharged through the driving transis-
tor 84 until the driving transistor 84 turns off. As a result, the
voltage of node B5 reaches VREF+/VTI. VSS goes to a nega-
tivevoltage VL to increase the speed of this cycle X52. For the
optimal setting time, VL is selected to be equal to the oper-
ating voltage which is the voltage of VSS during the driving
cycle.

In the third operating cycle X53: While VSS is in the VL
level, and SEL is low, node A5 is charged to (VREF-VP).
Because the capacitance 82 of the OLED 80 is large, the
voltage of node BS stays at the positive threshold voltage of
the driving transistor 84. Therefore, the gate-source voltage
of the driving transistor 84 is (-VP-IVTI), which is stored in
storage capacitor 81.

In the fourth operating cycle X54: SEL and VDATA go to
zero. VSS goes to a high negative voltage (i.e. its operating
voltage). The voltage stored in the storage capacitor 81 is
applied to the gate terminal of the driving transistor 84.
Accordingly, a current independent of the voltage of the
OLED 80 and the threshold voltage of the driving transistor
84 flows through the driving transistor 84 and the OLED 80.
Thus, the degradation of the OLED 80 and instability of the
driving transistor 84 does not affect the amount of the current
flowing through the driving transistor 84 and the OLED 80.

It is noted that the pixel circuit 208 can be operated with
different values of VCOMPB, VCOMPA, VL, VREF and VP.
VCOMPB, VCOMPA, VL, VREF and VP define the lifetime
of the pixel circuit. Thus, these voltages can be defined in
accordance with the pixel specifications.

FIG. 16 illustrates a display system having the pixel circuit
208 of FIG. 14.VSS1 and VSS2 of FIG. 16 correspond to VSS
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of FIG. 14. SEL1 and SEL2 of FIG. 16 correspond to SEL of
FIG. 14. VDATA1 and VDATA2 of FIG. 16 correspond to
VDATA of FIG. 14. The array of FIG. 16 is an active matrix
light emitting diode (AMOLED) display having a plurality of
the pixel circuits 208 of FIG. 14. The pixel circuits 208 are
arranged in rows and columns, and interconnections 91. 92
and 93 (VDATAL, SEL2, VSS2). VDATAI1 (or VDATA2) is
shared between the common column pixels while SEL1 (or
SEL2) and VSS1 (or VSS2) are shared between common row
pixels in the array structure.

A driver 310 is provided for driving VDATA1 and
VDATA2. A driver 312 is provided for driving VSS1, VSS2,
SEL1 and SEL.2. A controller 314 controls the drivers 310 and
312 to implement the programming and driving cycles
described above. The timing diagram for programming and
driving the display array of FIG. 6 is as shown in FIG. 2. Each
programming and driving cycle may be the same as that of
FIG. 15.

The array of FIG. 16 may have array structure shown in
FIG. 7(a) or 7(b). The array of FIG. 16, is produced in a
manner similar to that of FIG. 6. All of the pixel circuits
including the TFTs, the storage capacitor, the SEL, VDATA,
and VSS lines are fabricated together. After that, the OLEDs
are fabricated for all pixel circuits. The OLED is connected to
the corresponding driving transistor using a via (e.g. B5 of
FIG. 14). The panel is finished by deposition of the top elec-
trode on the OLEDs which can be a continuous layer, reduc-
ing the complexity of the design and can be used to turn the
entire display ON/OFF or control the brightness.

FIG. 17 illustrates a pixel circuit 210 to which program-
ming and driving technique in accordance with a further
embodiment of the present invention is applied. The pixel
circuit 210 includes an OLED 100, two storage capacitors
102 and 103, a driving transistor 104, and switch transistors
106 and 108. The pixel circuit 210 corresponds to the pixel
circuit 202 of FIG. 8.

The transistors 104, 106 and 108 are p-type TFTs. The
transistors 84 and 86 may be fabricated using amorphous
silicon, nano/micro crystalline silicon, poly silicon, organic
semiconductors technologies (e.g. organic TFT), CMOS
technology (e.g. MOSFET) and any other technology which
provides p-type transistors.

InFIG. 17, one of the terminals of the driving transistor 104
is connected to the anode electrode of the OLED 100, while
the other terminal is connected to a controllable voltage sup-
ply line VDD. The storage capacitors 102 and 103 are in
series, and are connected between the gate terminal of the
driving transistor 104 and a voltage supply electrode V2.
Also0, V2 may be connected to VDD. The cathode electrode of
the OLED 100 is connected to a ground voltage supply elec-
trode.

The OLED 100 and the transistors 104 and 106 are con-
nected at node A6. The storage capacitor 102 and the transis-
tors 104 and 106 are connected at node B6. The transistor 108
and the storage capacitors 102 and 103 are connected at node
Cé6.

FIG. 181llustrates a timing diagram showing an example of
waveforms for programming and driving the pixel circuit 210
of FIG. 17. FIG. 18 corresponds to FIG. 9. VDATA and VDD
are used to programming and compensating for a time depen-
dent parameter of the pixel circuit 210, which are similar to
VDATA and VSS of FIG. 9. Referring to FIGS. 17 and 18, the
operation of the pixel circuit 210 includes a programming
cycle having four operating cycles X61, X62, X63 and X64,
and a driving cycle having one operating cycle X65.

During the programming cycle, a negative programming
voltage plus the negative threshold voltage of the driving
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transistor 104 is stored in the storage capacitor 102, and the
second storage capacitor 103 is discharged to zero.

As aresult, the gate-source voltage of the driving transistor
104 goes to:

VGS=-VP- VT| (6)

where VGS represents the gate-source voltage of the driving
transistor 104, VP represents the programming voltage, and
VT represents the threshold voltage of the driving transistor
104.

In the first operating cycle X61: VDD goes to a high nega-
tive voltage, and VDATA is set to V2. SEL1 and SEL2 are low.
Therefore, nodes A6 and B6 are charged to a negative voltage.

In the second operating cycle X62: While SEL1 is high and
the switch transistor 106 is off, VDATA goes to a negative
voltage. As a result, the voltage at node B6 decreases, and the
voltage of node A6 is charged to the voltage of VDD. At this
voltage, the OLED 100 is off.

In the third operating cycle X63: VDD goes to a reference
voltage VREF. VDATA goes to (V2-VREF+VP) where
VREF is a reference voltage. It is assumed that VREF is zero.
However, VREF may be any voltage other than zero. At the
beginning of this cycle, the voltage of node B6 becomes
almost equal to the voltage of node A6 because the capaci-
tance 101 of the OLED 100 is bigger than that of the storage
capacitor 102. After that, the voltage of node B6 and the
voltage of node A6 are charged through the driving transistor
104 until the driving transistor 104 turns off. As a result, the
gate-source voltage of the driving transistor 104 is (-VP-
IVTI), which is stored in the storage capacitor 102.

In the fourth operating cycle X64: SEL1 is high. Since
SEL2 is low, and VDATA goes to V2, the voltage at node C6
goes to V2.

In the fifth operating cycle X65: VDD goes to its operating
voltage during the driving cycle. In FIG. 18, the operating
voltage of VDD is zero. However, the operating voltage of
VDD may be any voltage. SEL2 is high. The voltage stored in
the storage capacitor 102 is applied to the gate terminal of the
driving transistor 104. Thus, a current independent of the
threshold voltage VT of the driving transistor 104 and the
voltage of the OLED 100 flows through the driving transistor
104 and the OLED 100. Accordingly, the degradation of the
OLED 100 and instability of the driving transistor 104 do not
affect the amount of the current flowing through the driving
transistor 54 and the OLED 100.

FIG. 19 illustrates a pixel circuit 212 to which program-
ming and driving technique in accordance with a further
embodiment of the present invention is applied. The pixel
circuit 212 includes an OLED 110, two storage capacitors
112 and 113, a driving transistor 114, and switch transistors
116 and 118. The pixel circuit 212 corresponds to the pixel
circuit 204 of FIG. 10.

The transistors 114, 116 and 118 are p-type TFTs. The
transistors 84 and 86 may be fabricated using amorphous
silicon, nano/micro crystalline silicon, poly silicon, organic
semiconductors technologies (e.g. organic TFT), CMOS
technology (e.g. MOSFET) and any other technology which
provides p-type transistors.

InFIG. 19, one of the terminals of the driving transistor 114
is connected to the anode electrode of the OLED 110, while
the other terminal is connected to a controllable voltage sup-
ply line VDD. The storage capacitors 112 and 113 are in
series, and are connected between the gate terminal of the
driving transistor 114 and a voltage supply electrode V2.
Also, V2 may be connected to VDD. The cathode electrode of
the OLED 100 is connected to a ground voltage supply elec-
trode.
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The OLED 110 and the transistors 114 and 116 are con-
nected at node A7. The storage capacitor 112 and the transis-
tors 114 and 116 are connected at node B7. The transistor 118
and the storage capacitors 112 and 113 are connected at node
C7.

FIG. 201llustrates a timing diagram showing an example of
waveforms for programming and driving the pixel circuit 212
of FIG. 19.FIG. 20 corresponds to FIG. 11. VDATA and VDD
are used to programming and compensating for a time depen-
dent parameter of the pixel circuit 212, which are similar to
VDATA and VSS of FIG. 11. Referring to FIGS. 19 and 20,
the operation of the pixel circuit 212 includes a programming
cycle having four operating cycles X71, X72 and X73, and a
driving cycle having one operating cycle X74.

During the programming cycle, a negative programming
voltage plus the negative threshold voltage of the driving
transistor 114 is stored in the storage capacitor 112. The
storage capacitor 113 is discharged to zero.

As aresult, the gate-source voltage of the driving transistor
114 goes to:

VGS=—VP-[VT] )

where VGS represents the gate-source voltage of the driving
transistor 114, VP represents the programming voltage, and
VT represents the threshold voltage of the driving transistor
114.

In the first operating cycle X71: VDD goes to a negative
voltage., SEL is low. Node A7 and node B7 are charged to a
negative voltage.

In the second operating cycle X72: VDD goes to a refer-
ence voltage VREF. VDATA goes to (V2-VREF+VP). The
voltage at node B7 and the voltage of node A7 are changed
until the driving transistor 114 turns off. The voltage of B7 is
(-VREF-VT), and the voltage stored in the storage capacitor
112 15 (-VP-IVTI).

Inthe third operating cycle X73: SEL goes to VM. VM is an
intermediate voltage in which the switch transistor 106 is off
and the switch transistor 118 is on. VDATA goes to V2. The
voltage of node C7 goes to V2. The voltage stored in the
storage capacitor 112 is the same as that of X72.

In the fourth operating cycle X74: VDD goes to its oper-
ating voltage. SEL is high. The voltage stored in the storage
capacitor 112 is applied to the gate of the driving transistor
114. The driving transistor 114 is on. Accordingly, a current
independent of the threshold voltage VT of the driving tran-
sistor 114 and the voltage of the OLED 110 flows through the
driving transistor 114 and the OLED 110.

FIG. 21 illustrates a pixel circuit 214 to which program-
ming and driving technique in accordance with a further
embodiment of the present invention is applied. The pixel
circuit 214 includes an OLED 120, two storage capacitors
122 and 123, a driving transistor 124, and switch transistors
126 and 128. The pixel circuit 212 corresponds to the pixel
circuit 206 of FIG. 12.

The transistors 124, 126 and 128 are p-type TFTs. The
transistors 84 and 86 may be fabricated using amorphous
silicon, nano/micro crystalline silicon, poly silicon, organic
semiconductors technologies (e.g. organic TFT), CMOS
technology (e.g. MOSFET) and any other technology which
provides p-type transistors.

InFIG. 21, one of the terminals of the driving transistor 124
is connected to the anode electrode of the OLED 120, while
the other terminal is connected to a voltage supply line VDD.
The storage capacitors 122 and 123 are in series, and are
connected between the gate terminal of the driving transistor
124 and VDD. The cathode electrode of the OLED 120 is
connected to a controllable voltage supply electrode VSS.



US 9,153,172 B2

17

The OLED 120 and the transistors 124 and 126 are con-
nected at node A8. The storage capacitor 122 and the transis-
tors 124 and 126 are connected at node B8. The transistor 128
and the storage capacitors 122 and 123 are connected at node
C8.

FIG. 22 illustrates a timing diagram showing an example of
waveforms for programming and driving the pixel circuit 214
of FIG. 21. F1G. 22 corresponds to FIG. 13. VDATA and VSS
are used to programming and compensating for a time depen-
dent parameter of the pixel circuit 214, which are similar to
VDATA and VDD of FIG. 13. Referring to FIGS. 21 and 22,
the programming of the pixel circuit 214 includes a program-
ming cycle having four operating cycles X81, X82, X83 and
X84, and a driving cycle having one driving cycle X85.

During the programming cycle, a negative programming
voltage plus the negative threshold voltage of the driving
transistor 124 is stored in the storage capacitor 122. The
storage capacitor 123 is discharged to zero.

As aresult, the gate-source voltage of the driving transistor
124 goes to:

VGS=-VP- VT (8)

where VGS represents the gate-source voltage of the driving
transistor 114, VP represents the programming voltage, and
VT represents the threshold voltage of the driving transistor
124.

In the first operating cycle X81: VDATA goes to a high
voltage. SEL is low. Node A8 and node B8 are charged to a
positive voltage.

In the second operating cycle X82: SEL is high. VSS goes
to a reference voltage VREF1 where the OLED 60 is off.

In the third operating cycle X83: VDATA goes to (VREF2+
VP) where VREF2 is a reference voltage. SEL is low. There-
fore, the voltage of node B8 and the voltage of node A8
become equal at the beginning of'this cycle. Itis noted that the
first storage capacitor 112 is large enough so that its voltage
becomes dominant. After that, node B8 is charged through the
driving transistor 124 until the driving transistor 124 turns off.
As a result, the voltage of node B8 is (VDD-IVTI). The
voltage stored in the first storage capacitor 122 is (-VREF2-
VP-IVTI).

In the fourth operating cycle X84: SEL goes to VM where
VM is an intermediate voltage at which the switch transistor
126 is off and the switch transistor 128 is on. VDATA goes to
VREF2. The voltage of node C8 goes to VREF2.

This results in that the gate-source voltage VGS of the
driving transistor 124 is (-VP-IVTI). Since VM<-VP-VT,
the switch transistor 126 is off, and the voltage stored in the
storage capacitor 122 stays at —(VP+IVTI).

In the fifth operating cycle X85: VSS goes to the operating
voltage. SEL is low. The voltage stored in the storage capaci-
tor 122 is applied to the gate of the driving transistor 124.

It is noted that a system for operating an array having the
pixel circuit of FIG. 8, 10, 12, 17, 19 or 21 may be similar to
that of FIG. 6 or 16. The array having the pixel circuit of FIG.
8,10,12,17,19 or 21 may have array structure shown in FIG.
7(a) or 7(b).

It is noted that each transistor can be replaced with p-type
or n-type transistor based on concept of complementary cir-
cuits.

According to the embodiments of the present invention, the
driving transistor is in saturation regime of operation. Thus,
its current is defined mainly by its gate-source voltage VGS.
As a result, the current of the driving transistor remains con-
stant even if the OLED voltage changes since its gate-source
voltage is stored in the storage capacitor.
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According to the embodiments of the present invention, the
overdrive voltage providing to a driving transistor is genet-
ated by applying a waveform independent of the threshold
voltage of the driving transistor and/or the voltage of a light
emitting diode voltage.

According to the embodiments of the present invention, a
stable driving technique based on bootstrapping is provided
(e.g. FIGS. 2-12 and 16-20).

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 dis-
play 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. More-
over, because of the circuit simplicity, it ensures higher prod-
uct yield, lower fabrication cost and higher resolution than
conventional pixel circuits.

All citations are hereby incorporated by reference.

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.

What is claimed is:

1. A display system, comprising:

a substrate;

a plurality of pixel circuits arranged on the substrate in
rows and columns, each of the pixel circuits including a
capacitor, a switch transistor connected to a signal line
for transferring programming data to be stored in the
capacitor as a corresponding voltage, and a driving tran-
sistor connected to a light emitting device for emitting
light according to the voltage stored in the capacitor, the
driving transistor having a terminal connected to a volt-
age supply line;

a plurality of signal lines on the substrate, each connected
to corresponding ones of the pixel circuits;

a plurality of voltage supply lines each arranged on the
substrate to intersect perpendicularly the plurality of
signal lines; and

atop electrode on the pixel circuits, wherein, in each of the
pixel circuits, a gate of the driving transistor is connected
directly to the switch transistor, a drain of the driving
transistor is connected to a first of the plurality of voltage
supply lines, and where, during a programming cycle
that includes transferring the programming data from
the signal line to the capacitor, the first voltage supply
line is adjusted to adjust a voltage of the gate of the
driving transistor to cause a gate-source voltage of the
driving transistor to be stored in the capacitor as the gate
of the driving transistor remains connected to the signal
line through the switch transistor.

2. The display system of claim 1, further comprising a
driver for driving each of the voltage supply lines to a voltage
that is controllable by the driver from a compensation voltage
to at least an operating voltage.

3. The display system of claim 2, wherein the compensa-
tion voltage is a negative voltage and the operating voltage of
the first voltage supply line is a positive voltage.

4. The display system of claim 1, wherein the number of
voltage supply lines corresponds to the number of rows of
pixel circuits, the voltage supply lines being arranged in rows
relative to the substrate.

5. The display system of claim 1, further comprising a
plurality of select lines, each connected to a corresponding
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gate of the switch transistor of each of the pixel circuits, the
select lines being arranged on the substrate parallel with the
voltage supply lines.

6. The display system of claim 5, wherein the number of
select lines corresponds to the number of rows of pixel cir-
cuits, the select lines being arranged in rows relative to the
substrate, and the signal lines being arranged in columns
relative to the voltage supply and select lines.

7. The display system of claim 5, wherein, in each of the
pixel circuits, a gate of the switch transistor is connected to a
corresponding one of the select lines, a first terminal of the
switch transistor is connected to a corresponding one of the
signal lines, a second terminal of the switch transistor is
connected to a node to which a gate of'the driving transistor is
connected, the capacitor is coupled to the node, a first termi-
nal of the light emitting device is connected to a second
terminal of the driving transistor, a second terminal of the
light emitting device is connected to a potential, a first termi-
nal of the driving transistor is connected to a corresponding
one of the voltage supply lines.

8. The display system of claim 1, wherein the top electrode
is transparent to permit light from each of the light emitting
devices in the pixel circuits to pass through the top electrode,
each of the light emitting devices being arranged over corre-
sponding ones of the pixel circuits between the substrate and
the top electrode.

9. The display system of claim 8, wherein the top electrode
is a continuous layer connected to a ground potential.

10. The display system of claim 1, wherein the substrate is
transparent to permit light from each of the light emitting
devices in the pixel circuits to pass through the substrate, each
of the light emitting devices being arranged on the substrate
adjacent to corresponding ones of the pixel circuits between
the transparent substrate and the top electrode.
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11. The display system of claim 1, wherein all of the pixel
circuits are fabricated together, and all of the light emitting
devices are fabricated together separate from fabrication of
the pixel circuits, and each of the light emitting devices is
connected to corresponding ones ofthe drive transistors of the
pixel circuits by a via disposed on the substrate.

12. The display system of claim 1, wherein, in each of the
pixel circuits, the light emitting device does not overlap the
switch transistor or the driving transistor on the substrate.

13. A display system, comprising:

a substrate;

a plurality of pixel circuits arranged on the substrate in
rows and columns, each of the pixel circuits including a
capacitor, a switch transistor connected to a signal line
for transferring programming data to be stored in the
capacitor as a corresponding voltage, and a driving tran-
sistor connected to a light emitting device for emitting
light according to the voltage stored in the capacitor, the
driving transistor having a drain terminal connected to a
voltage supply line;

a plurality of signal lines on the substrate, each connected
to corresponding ones of the pixel circuits;

a plurality of voltage supply lines each arranged on the
substrate to intersect perpendicularly the plurality of
signal lines; and

a top electrode on the pixel circuits, where, during a pro-
gramming cycle that includes transferring the program-
ming data from the signal line to a first terminal of the
capacitor, a voltage between the light emitting device
and the driving transistor is controlled by adjusting the
voltage supply line to reset a second terminal of the
capacitor while light emitting device remains off and to
adjust a gate voltage of the driving transistor.
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