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(57) ABSTRACT

An electroluminescent (EL) display is disclosed. The EL
display includes pixel units arranged in a matrix of N rows
and M columns, N and M being natural numbers, scan lines
configured to select pixel units of interest, data lines con-
figured to provide data to selected pixel units, and a control

Int. CL. line E_k configured to control immediately adjacent rows of
G09G 3/3225 (2006.01) pixel units coupled to (2k-1)-th and 2k-th scan lines, respec-
G09G 3/32 (2006.01) tively, k being a natural number from 1 to N/2.
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ELECTROLUMINESCENT DISPLAY AND
METHOD OF DRIVING THE SAME

BACKGROUND

[0001] A display for presentation of an image may include
pixels arranged in rows and columns in a matrix. Each row
of the pixels is coupled via a scan line (or gate line) to a gate
driver, while each column of the pixels is coupled via a data
line (or source line) to a data driver. The gate drivers select
corresponding rows of pixels of interest via their respective
gate lines. The data drivers provide data to corresponding
columns of pixels in the selected rows via their respective
data lines. Moreover, each of the pixels includes an elec-
troluminescent (EL) device that emits light according to data
provided to the pixel.

SUMMARY

[0002] Embodiments of the present invention provide an
electroluminescent (EL) display. The EL display includes
pixel units arranged in a matrix of N rows and M columns,
N and M being natural numbers, scan lines configured to
select pixel units of interest, data lines configured to provide
data to selected pixel units, and a control line E_k configured
to control immediately adjacent rows of pixel units coupled
to (2k-1)-th and 2k-th scan lines, respectively, k being a
natural number from 1 to N/2.

[0003] In an embodiment, the control line E_k extends in
parallel with the scan lines.

[0004] In another embodiment, a first pixel unit of the
pixel units includes a first EL device and a first controller for
controlling the first EL device. Moreover, a second pixel unit
of the pixel units includes a second EL device and a second
controller for controlling the second EL device.

[0005] In yet another embodiment, the first EL device is
disposed over the second controller, and the second EL
device is disposed over the first controller.

[0006] In still another embodiment, the first EL device
includes a transistor, and a gate of the transistor is configured
to receive a control signal sent via the control line E_k. Also,
the second EL device includes a transistor, and a gate of this
transistor is configured to receive a control signal sent via
the control line E_k.

[0007] Some embodiments of the present invention pro-
vide a method of driving an electroluminescent (EL) display
that comprises pixel units arranged in a matrix. The method
includes selecting pixel units of interest by scanning the
matrix through N scan lines, N being a natural number,
providing image data to selected pixel units through M data
lines, M being a natural number, and providing a control
signal via a control line E_k to the selected pixel units, the
control line E_k controlling immediately adjacent rows of
pixel units coupled to (2k-1)-th and 2k-th scan lines, respec-
tively, k being a natural number from 1 to N/2.

[0008] In an embodiment, the method further includes
emitting light from a first EL device and a second EL device
in a first pixel unit and a second pixel unit, respectively, of
the selected pixel units according to the image data.
[0009] In another embodiment, the first EL device is
disposed over a second controller of the second pixel unit for
controlling the second EL device, and the second EL device
is disposed over a first controller of the first pixel unit for
controlling the first EL device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Aspects of the present disclosure are best under-
stood from the following detailed description when read
with the accompanying figures. It is noted that, in accor-
dance with the standard practice in the industry, various
features are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for
clarity of discussion.

[0011] FIG. 1 is a schematic diagram of an electrolumi-
nescent (EL) display, in accordance with some embodi-
ments.

[0012] FIG. 2 is a schematic layout diagram of controllers
and their respective EL devices 1n the EL display illustrated
in FIG. 1, in accordance with some embodiments.

[0013] FIG. 3 is a schematic perspective view of exem-
plary pixel units in the EL display illustrated in FIG. 1, in
accordance with some embodiments.

[0014] FIG. 4A is a diagram of exemplary pixel units in
the EL display illustrated in FIG. 1, in accordance with an
embodiment.

[0015] FIG. 4B is a circuit diagram of an exemplary pixel
unit in the EL display illustrated in FIG. 1, in accordance
with an embodiment.

[0016] FIG. 5A is a diagram of exemplary pixel units in
the EL display illustrated in FIG. 1, in accordance with
another embodiment.

[0017] FIG. 5B is a circuit diagram of an exemplary pixel
unit in the EL display illustrated in FIG. 1, in accordance
with another embodiment.

[0018] FIG. 6 is a flow diagram showing a method of
driving an EL display, in accordance with some embodi-
ments.

DETAILED DESCRIPTION

[0019] The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows may include embodiments in
which the first and second features are formed in direct
contact, and may also include embodiments in which addi-
tional features may be formed between the first and second
features, such that the first and second features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition is for the purpose of simplicity and
clarity and does not in itself dictate a relationship between
the various embodiments and/or configurations discussed.
[0020] Further, it will be understood that when an element
is referred to as being “connected to” or “coupled to”
another element, it may be directly connected to or coupled
to the other element, or intervening elements may be pres-
ent.

[0021] FIG. 1 is a schematic diagram of an electrolumi-
nescent (EL) display 10, in accordance with some embodi-
ments,

[0022] Referring to FIG. 1, the EL display 10 includes an
active area 12 that may include an array of pixel units
arranged in, for example, an NxM matrix, N and M each
being a natural number. For brevity, only exemplary pixel
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units P_1M, P_2M, P_1M-1 and P_2M-1 are labeled. To
address the pixel units, scan lines S_1 to S_N arranged in a
row direction are configured to scan one or more corre-
sponding rows of pixel units, and data lines D_1 to D_M
arranged in a column direction are configured to provide
image data to pixel units selected by the scan lines. In an
embodiment, each pixel unit in the active area 12 includes
three sub-pixel units (not shown), which may be used to
display color red (R), color green (G) or color blue (B).
Moreover, the three sub-pixel units may be arranged along
the row direction. Accordingly, the number of data lines is
3xM. In another embodiment, for example, in a sub-pixel
rendering (SPR) sensor, the number of sub-pixel units is not
limited to three.

[0023] In addition to the scan lines S_1 to S_N and data
lines D_1 to D_M, the EL display 10 further includes control
lines E_1 to E_N/2 to control a luminescence state of pixel
units. In the present embodiment, the control lines E_1 to
E_N/2 extend in the row direction and are evenly arranged
among the N rows of pixel units. As a result, each of the
control lines E_1 to E_N/2 is configured to control two
immediately adjacent rows of pixel units. For example, the
first control line E_1 controls the first and second rows of
pixel units coupled to the scan lines S_1 and S_2, respec-
tively, the second control line E_2 controls the third and
fourth rows of pixel units coupled to the scan lines S_3 and
S_4, respectively, and so forth. Accordingly, a control line
E_k controls immediately adjacent rows of pixel units
coupled to scan lines S_2%-1 and S_2£, respectively, k being
a natural number from 1 to N/2. As such, a single control
signal E can be sent via the control line E_k to control the
luminescence state of pixel units on different rows. Such a
driving mechanism facilitates a controller and an EL device
controlled by the controller in a pixel unit to be fabricated in
a stack structure. Effectively, the EL display 10 can enjoy an
efficient area cost and a flexible layout design.

[0024] FIG. 2 is a schematic layout diagram of controllers
CTR_A to CTR_F and their respective EL devices EL_A to
EL_F in the EL display 10 illustrated in FIG. 1, in accor-
dance with some embodiments.

[0025] Referring to FIG. 2, the EL devices EL._A to EL_F
may be formed over a semiconductor substrate (not shown),
while the controllers CTR_A to CTR_F for controlling the
EL devices EL_A to EL_F may be formed between the
semiconductor substrate and the EL devices EL._A to EL_F.
The controller CTR_A and the EL device EL_A together
form a pixel unit, the controller CTR_B and the EL device
EL_B together form another pixel unit, and so forth. For
brevity, only six such pixel units are shown. Each of the EL.
devices EL_A to EL_F includes, for example, a current-
driven element that may include an organic light emitting
diode (OLED), a micro LED or a quantum dot LED
(QLED). In addition, each of the EL devices EI,_A to EL_F
may be used to display color red (R), color green (G) or
color blue (B).

[0026] The controllers CTR_A, CTR_C and CTR_E are
arranged in an n-th row labeled R_n, while the controllers
CTR_B, CTR_D and CTR_F are arranged in an (n+1)-th
row labeled R_n+1. Also, the controllers CTR_A and
CTR_B are arranged in an (m-1)-th column labeled C_m-1,
the controllers CTR_C and CTR_D are arranged in an m-th
column labeled C_m, and the controllers CTR_E and
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CTR_F are arranged in an (m+1)-th column labeled C_m+1.
A control line E_k for the R_n row and R_n+1 row of pixel
units is provided.

[0027] Moreover, the EL devices EL_B, EL_D and EL_F
are arranged in an n-th row R_n, while the EL devices
EL_A, EL_C and EL_E are arranged in an (n+1)-th row
R_n+1. Also, the EL devices EL_B and EL,_A are arranged
in an (m-1)-th column C_m-1, the EL, devices EL,_D and
BL_C are arranged in an m-th column C_m, and the EL
devices EL_F and EL,_E are arranged in an (m+1)-th column
C_m+1. As aresult, the EL devices EL,_B, EL_D and EL_F
are stacked over the controllers CTR_A, CITR_C and CTR_
E, respectively, while the EL devices EL_A, EL._C and
EL_E are stacked over the controllers CTR_B, CTR_D and
CTR_F, respectively. In the stack structure, a control signal
is sent via the control line E_k and conductive vias (not
shown) to the EL devices EL._A to EL_F.

[0028] FIG. 3 is a schematic perspective view of exem-
plary pixel units in the EL display 10 illustrated in FIG. 1,
in accordance with some embodiments.

[0029] Referring to FIG. 3, a controller CTR_1M and a
corresponding EL device EL_1M form the exemplary pixel
unit P_1M illustrated in FIG. 1, while a controller CTR_2M
and a corresponding EL device FL._2M form the exemplary
pixel unit P_2M illustrated in FIG. 1. In addition, the EL
devices EL_1M and FL._2M are stacked over the controllers
CTR_2M and CTR_1M, respectively.

[0030] Also, a controller CTR_1M-1 and a corresponding
EL device EL._1M-1 form the exemplary pixel unit P_1M-1
illustrated in FIG. 1, while a controller CTR_2M-1 and a
corresponding EL device EL_2M-1 form the exemplary
pixel unit P_2M-1 illustrated in FIG. 1. In addition, the EL
devices EL_ 1M-1 and EL 2M-1 are stacked over the
controllers CTR_2M-1 and CTR_1M-1, respectively.
[0031] The controller CTR_1M is configured to receive a
scan signal via the scan line S_1, and an image data via the
data line D_M. Likewise, the controller CTR_2M is con-
figured to receive a scan signal via the scan line S_2, and an
image data via the data line D_M. Similarly, the controller
CTR_1M-1 is configured to receive a scan signal via the
scan line S_1, and an image data via the data line D_M-1.
Moreover, the controller CTR_2M-1 is configured to
receive a scan signal via the scan line S_2, and an image data
via the data line D_M-1. A control line E_1 and the scan
lines S_1 and S_2 extend in parallel with each other in a
conductive layer associated with the controllers CTR_1M,
CTR_2M, CTR_1IM-1 and CTR_2M-1. Data lines D_M
and D_M-1, substantially orthogonal to the control line E_1
and the scan lines S_1 and S_2, extend in parallel with each
other in another conductive layer associated with the EL
devices EL_1M, EL._2M, E[._1M-1 and EL_2M-1.
[0032] FIG. 4A is a diagram of exemplary pixel units
P_1M and P_2M in the EL display 10 illustrated in FIG. 1,
in accordance with an embodiment.

[0033] Referring to FIG. 4A, a first pixel unit P_1M
includes a first controller CTR_1M and a first EL device
EL_1M. Further, the first EL device EL_1M includes a first
light emitting diode 41 and a transistor SW1 which serves as
a first switch. In the present embodiment, the transistor SW1
includes a p-type transistor, which may be a p-type metal-
oxide-semiconductor (PMOS) transistor or a p-type thin film
transistor (TFT). Moreover, a gate of the transistor SW1 is
configured to receive a first control signal e_1 sent via a first
control line E_1. A source of the transistor SW1 is coupled
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to the first controller CTR_1M. A drain of the transistor SW1
is coupled to an anode of the first light emitting diode 41. In
addition, a cathode of the first light emitting diode 41 is
coupled to a power source VSS. In an embodiment, VSS has
approximately a ground voltage level or a minus voltage
level such as minus five volts (-5V).

[0034] In operation, when the first pixel unit P_1M is
selected, a first image data is stored in the first controller
CTR_1M. During an emission period, the transistor SW1 is
turned on by the first control signal ¢_1, allowing a current
to flow through the first light emitting diode 41. The current
has a magnitude determined by the first image data.
[0035] Similarly, a second pixel unit P_2M includes a
second controller CTR_2M and a second EL device EL._2M.
Further, the second EL device EL_2M includes a second
light emitting diode 42 and a transistor SW2 which serves as
a second switch. In the present embodiment, the transistor
SW2 includes a p-type transistor, which may be a PMOS
transistor or a p-type TFT. Moreover, a gate of the transistor
SW2, coupled to the gate of the transistor SW1, is config-
ured to receive the first control signal e_1 sent via the first
control line E_1. A source of the transistor SW2 is coupled
to the second controller CIR_2M. A drain of the transistor
SW2 is coupled to an anode of the second light emitting
diode 42. In addition, a cathode of the second light emitting
diode 42 is coupled to the power source VSS.

[0036] In operation, when the second pixel unit P_2M is
selected, a second image data is stored in the second
controller CTR_2M. During an emission period, the tran-
sistor SW2 is turned on by the first control signal e_1,
allowing a current to flow through the second light emitting
diode 42. The current has a magnitude determined by the
second image data.

[0037] FIG. 4B is a circuit diagram of the exemplary pixel
unit P_1M in the EL display 10 illustrated in FIG. 1, in
accordance with an embodiment.

[0038] Referring to FIG. 4B, the first controller CTR_1M
of the first pixel unit P_1M includes a first transistor T1, a
second transistor T2 and a capacitor C. Each of the first
transistor T1 and the second transistor T2 includes a p-type
transistor, which may be a PMOS transistor or a p-type TFT.
A gate of the first transistor T1 receives a scan signal s_1
sent via a scan line S_1. A source of the first transistor T1
receives an image data d_M sent via a data line D_M. A
drain of the first transistor T1 is coupled to one end of the
capacitor C and a gate of the second transistor T2. Persons
having ordinary skill in the art will understand that a source
terminal and a drain terminal of a transistor may be inter-
changeable, depending on voltage levels applied to these
terminals. Further, a source of the second transistor T2 is
coupled to another power source VDD. In an embodiment,
VDD has a voltage level of approximately five volts (5V).
A drain of the second transistor T2 is coupled to a source of
the transistor SW1. The second transistor T2 serves as a
driving transistor that, when turned on, allows a current
flows from VDD towards the first light emitting diode 41.
Moreover, the other end of the capacitor C is coupled to
VDD. The circuit structure of the pixel unit P_1M is not
limited to the specific embodiment as illustrated. For
example, the first controller CTR_1M may include more
transistors or capacitors to perform a desired function, such
as a compensation function to alleviate a threshold effect in
the second transistor T2 that may adversely affect uniform
luminescence of the pixel units in the EL display 10.
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[0039] 1In operation, when the first transistor T1 is turned
on by the scan signal s_1, the first pixel unit P_1M is
selected. Subsequently, an image data d_M is stored in the
capacitor C. During an emission period, when the transistor
SW1 is turned on by the first control signal ¢_1, a current
flowing through the first light emitting diode 41 causes the
first light emitting diode 41 to emit light having an intensity
determined by the image data d_M.

[0040] FIG. 5A is a diagram of exemplary pixel units
P_1M and P_2M in the EL display 10 illustrated in FIG. 1,
in accordance with another embodiment.

[0041] Referring to FIG. 5A, the circuit structure of the
pixel units P_1M and P_2M is similar to that described and
illustrated with reference to FIG. 4A except that, for
example, n-type transistors SWI1 and SW2 replace the
p-type transistors. In an embodiment, an n-type transistor
may include an n-type metal-oxide-semiconductor (NMOS)
transistor or an n-type thin film transistor (TFT).

[0042] FIG. 5B is a circuit diagram of an exemplary pixel
unit P_1M in the EL display 10 illustrated in FIG. 1, in
accordance with another embodiment.

[0043] Referring to FIG. 5B, the circuit structure of the
pixel unit P_1M is similar to that described and illustrated
with reference to FIG. 4B except that, for example, n-type
transistors T1 and T2 replace the p-type transistors.

[0044] FIG. 6 is a flow diagram showing a method of
driving an EL display, in accordance with some embodi-
ments.

[0045] Referring to FIG. 6, in operation 61, an electrolu-
minescent (EL) display is provided. The EL display, such as
the EL display 10 described and illustrated with reference to
FIG. 1, comprises pixel units arranged in a matrix of N rows
and M columns, N and M being natural numbers.

[0046] In operation 63, one or more pixel units of interest
are selected by scanning the matrix through N scan lines.
[0047] In operation 65, image data are provided to
selected pixel units through M data lines.

[0048] In operation 67, a control signal is provided via a
control line E_k to the selected pixel units. The control line
E_k is configured to control immediately adjacent rows of
pixel units coupled to scan lines S_24-1 and S_2%, respec-
tively, k being a natural number from 1 to N/2.

[0049] Subsequently. in operation 68, light is emitted from
a first EL device and a second EL device in a first pixel unit
and a second pixel unit, respectively, of the selected pixel
units according to the image data. The first EL device is
disposed over a second controller of the second pixel unit for
controlling the second EL device, and the second EL device
is disposed over a first controller of the first pixel unit for
controlling the first EL device.

[0050] The foregoing outlines features of several embodi-
ments so that those skilled in the art may better understand
the aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.
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What is claimed is:

1. An electroluminescent (EL) display, comprising:

pixel units arranged in a matrix of N rows and M columns,

N and M being natural numbers;

scan lines configured to select pixel units of interest;

data lines configured to provide data to selected pixel

units; and

a control line E_k configured to control immediately

adjacent rows of pixel units coupled to (2k-1)-th and
2k-th scan lines, respectively, k being a natural number
from 1 to N/2.

2. The EL display according to claim 1, wherein the
control line E_k extends in parallel with the scan lines.

3. The EL display according to claim 1, wherein a first
pixel unit of the pixel units includes a first EL device and a
first controller for controlling the first EL device, and a
second pixel unit of the pixel units includes a second EL
device and a second controller for controlling the second EL
device.

4. The EL display according to claim 3, wherein the first
EL device is disposed over the second controller, and the
second EL device is disposed over the first controller.

5. The EL display according to claim 3, wherein the first
EL device includes a transistor, and a gate of the transistor
is configured to receive a control signal sent via the control
line E_k.

6. The EL display according to claim 3, wherein the
second EL device includes a transistor, and a gate of the
transistor is configured to receive a control signal sent via
the control line E_k.

7. The EL display according to claim 3, wherein each of
the first EL device and the second EL device includes one of
an organic light emitting diode (OLED), a micro LED and
a quantum dot LED (QLED).

8. The EL display according to claim 3, wherein each of
the first controller and the second controller includes a first
transistor, wherein a gate of the first transistor is configured
to receive a scan signal, and a source of the first transistor
is configured to receive an image data.

9. The EL display according to claim 8, wherein each of
the first controller and the second controller includes a
second transistor configured to allow a current to flow
towards a corresponding one of the first and second EL
devices.

10. The EL display according to claim 9, wherein each of
the first controller and the second controller includes a
capacitor configured to store the image data.

11. A method of driving an electroluminescent (EL)
display that comprises pixel units arranged in a matrix, the
method comprising:
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selecting pixel units of interest by scanning the matrix
through N scan lines, N being a natural number;

providing image data to selected pixel units through M
data lines, M being a natural number; and

providing a control signal via a control line E_k to the
selected pixel units, the control line E_k controlling
immediately adjacent rows of pixel units coupled to
(2k-1)-th and 2k-th scan lines, respectively, k being a
natural number from 1 to N/2.

12. The method according to claim 11, wherein the control
line E_k extends in parallel with the scan lines.

13. The method according to claim 11 further comprising:

emitting light from a first EL device and a second EL
device in a first pixel unit and a second pixel unit,
respectively, of the selected pixel units according to the
image data.

14. The method according to claim 13, wherein the first
EL device is disposed over a second controller of the second
pixel unit for controlling the second EL device, and the
second EL device is disposed over a first controller of the
first pixel unit for controlling the first EL device.

15. The method according to claim 14, wherein the first
EL device includes a transistor, and a gate of the transistor
is configured to receive a control signal sent via the control
line E_k.

16. The method according to claim 14, wherein the second
EL device includes a transistor, and a gate of the transistor
is configured to receive a control signal sent via the control
line E k.

17. The method according to claim 14, wherein each of
the first EL device and the second EL device includes one of
an organic light emitting diode (OLED), a micro LED and
a quantum dot LED (QLED).

18. The method according to claim 14, wherein each of
the first controller and the second controller includes a first
transistor wherein a gate of the first transistor is configured
to receive a scan signal, and a source of the first transistor
is configured to receive an image data.

19. The method according to claim 18, wherein each of
the first controller and the second controller includes a
second transistor configured to allow a current to flow
towards a corresponding one of the first and second EL
devices.

20. The method according to claim 19, wherein each of
the first controller and the second controller includes a
capacitor configured to store the image data.
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