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CURRENT DRIVING DIGITAL PIXEL
APPARATUS FOR MICRO LIGHT
EMITTING DEVICE ARRAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of U.S.
provisional application Ser. No. 62/731,090, filed on Sep.
14, 2018. The entirety of the above-mentioned patent appli-
cation is hereby incorporated by reference herein and made
a part of this specification.

BACKGROUND

Technical Field

[0002] The disclosure relates to a current driving digital
pixel apparatus, more specifically, to a current driving digital
pixel apparatus for a micro light emitting device array.
Description of Related Art

[0003] The light emitting diode (micro-LED) array is
generally driven by current drivers in one-to-one configu-
ration. That is to say, each micro-LED in the array is driven
by a current of the corresponding current driver. In the
conventional configuration, the switching device is a
medium voltage (MV) device. Therefore, the turn-on resis-
tance is large, a large turn-on voltage level is needed, and
dynamic current consumption is also large.

[0004] In addition, when fine pitch micro-LED is applied.
The original one-to-one configuration becomes an obstacle
to overcome when reducing pixel pitch. Further, the avail-
able area in the circuit is restricted, and flexibility in
designing current drivers is also limited.

SUMMARY

[0005] The disclosure is directed to a current driving
digital pixel apparatus for a micro light emitting device
array, capable of reducing the dynamic power and the
coupling back noise and achieving finer pitch micro light
emitting device.

[0006] The disclosure provides a current driving digital
pixel apparatus including a power rail, a common rail, a
micro light emitting device, and a current driver is provided.
The power rail is configured to supply a source current. The
micro light emitting device is configured to be electrically
coupled to the common rail. The current driver includes a
first switching device configured to be electrically coupled
to the power rail and a current mirror device configured to
be electrically coupled between the first switching device
and the micro light emitting device. The current mirror
device is configured to receive the source current from the
power rail through the first switching device and supplies a
current to the micro light emitting device. The first switching
device is a low voltage device and the current mirror device
is a medium voltage device.

[0007] In one embodiment of the disclosure, the first
switching device is a switching transistor, and the current
mirror device is a current mirror transistor circuit.

[0008] In one embodiment of the disclosure, the first
switching device is configured to turn on and turn off the
source current received by the current mirror device.
[0009] In one embodiment of the disclosure, the micro
light emitting device is a red, green, or blue micro-LED.
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[0010] In one embodiment of the disclosure, an anode of
the micro light emitting device is electrically connected to
the current mirror device, and a cathode of the micro light
emitting device is electrically connected to the common rail.

[0011] In one embodiment of the disclosure, the micro
light emitting device and the current driver are located in a
same area of a digital pixel cell.

[0012] In one embodiment of the disclosure, the micro
light emitting device is located in an area of a digital pixel
cell, and at least the first switching device of the current
driver is located in a driver area outside of the area of the
digital pixel cell.

[0013] In one embodiment of the disclosure, the first
switching device and the current mirror device of the current
driver are both located in the driver area outside of the area
of the digital pixel cell.

[0014] In one embodiment of the disclosure, the current
mirror device is located in the area of the digital pixel cell
and the first switching device of the current driver is located
in the driver area outside of the area of the digital pixel cell.

[0015] The disclosure provides a current driving digital
pixel apparatus including a power rail, a common rail, a
micro light emitting device, a current driver. The power rail
is configured to supply a source current. The micro light
emitting device is configured to be electrically coupled to
the common rail. The current driver includes a first switch-
ing device configured to be electrically coupled to the power
rail and a current mirror device configured to be electrically
coupled between the first switching device and the micro
light emitting device. The current mirror device is config-
ured to receive the source current from the power rail
through the first switching device and supply a current to the
micro light emitting device. The current driving digital pixel
apparatus further includes a second switching device elec-
trically coupled to the micro light emitting device.

[0016] In one embodiment of the disclosure, the first
switching device and the second switching device are turned
on and off simultaneously.

[0017] In one embodiment of the disclosure, the micro
light emitting device is located in an area of a digital pixel
cell, and at least the first switching device of the current
driver is located in a driver area outside of the area of the
digital pixel cell.

[0018] In one embodiment of the disclosure, the second
switching device is configured to turn off a discharging path
for a parasitic capacitor located between the area of a digital
pixel cell and the driver area when the first switching device
is turned off.

[0019] In one embodiment of the disclosure, the first
switching device and the current mirror device of the current
driver are both located in the driver area outside of the area
of the digital pixel cell.

[0020] In one embodiment of the disclosure, the current
mirror device is located in the area of the digital pixel cell
and the first switching device of the current driver is located
in the driver area outside of the area of the digital pixel cell.

[0021] In one embodiment of the disclosure, the second
switching device is electrically coupled between the current
mirror device and the micro light emitting device.

[0022] In one embodiment of the disclosure, the second
switching device is electrically coupled between the com-
mon rail and the micro light emitting device.
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[0023] In one embodiment of the disclosure, the first
switching device is a low voltage device and the current
mirror device is a medium voltage device.

[0024] In one embodiment of the disclosure, the first
switching device is a medium voltage device and the current
mirror device is a low voltage device.

[0025] In one embodiment of the disclosure, the first
switching device and the current mirror device are medium
voltage devices.

[0026] In one embodiment of the disclosure, the first
switching device and the current mirror device are low
voltage devices.

[0027] In one embodiment of the disclosure, the second
switching device is a medium voltage device.

[0028] Based on the above, in the disclosure, since the first
switching device is electrically coupled between the power
rail and the current mirror device, the first switching device
can be a low voltage (LV) device which is controlled by a
LV lever control signal. In addition, the current mirror
device is a medium voltage (MV) device. Normally, the LV
device has a lower threshold voltage, a lower turn-on
resistance, and a smaller size compared to the MV device.
Therefore, in the disclosure, the dynamic power required in
turning on and turning off the first switching device, which
is a L'V device, is reduced. In addition, the coupling back
noise from the first switching device, when switching (turn-
ing on and turning off), to the voltage signal controlling the
current mirror device is also greatly reduced.

[0029] Moreover, one current driver has a larger size than
one micro light emitting device. In the disclosure, since the
current drivers are all located in the area outside of the area
of the digital pixel cell, the current drivers can be flexibly
designed to optimize performance without being restricted
by area condition. Further, in the area of the digital pixel
cell, the wiring area for the signal controlling the first
switching device and the voltage signal controlling the
current mirror device is not required, there is only one
connection from the current drivers to the digital pixel cell,
and there is no device under the digital pixel cell. Hence, it
is possible to dispose/arrange more micro light emitting
devices in the same area of the digital pixel cell, so as to
achieve finer pitch micro light emitting device.

[0030] To make the aforementioned more comprehensible,
several embodiments accompanied with drawings are
described in detail as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The accompanying drawings are included to pro-
vide a further understanding of the disclosure, and are
incorporated in and constitute a part of this specification.
The drawings illustrate exemplary embodiments of the dis-
closure and, together with the description, serve to explain
the principles of the disclosure.

[0032] FIG.1is a schematic view showing a row scanning
process in a display according to one embodiment of the
disclosure.

[0033] FIG. 2A and FIG. 2B are schematic views showing
a digital pixel according to the embodiment in FIG. 1.
[0034] FIG. 3 is a schematic view showing a current
driving digital pixel apparatus of a digital pixel cell accord-
ing to one embodiment of the disclosure.

[0035] FIG. 4 is a schematic view showing a current
driving digital pixel apparatus of a digital pixel cell accord-
ing to another embodiment of the disclosure.
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[0036] FIG. 5is a schematic view showing an array driver
and a micro light emitting device array according to the
embodiment in FIG. 4.

[0037] FIG. 6 is a schematic view showing a current
driving digital pixel apparatus of a digital pixel cell accord-
ing to yet another embodiment of the disclosure.

[0038] FIG. 7 is a schematic view showing a current
driving digital pixel apparatus of a digital pixel cell accord-
ing to yet another embodiment of the disclosure.

[0039] FIG. 8 is a schematic view showing a current
driving digital pixel apparatus of a digital pixel cell accord-
ing to yet another embodiment of the disclosure.

[0040] FIG. 9 is a schematic view showing a current
driving digital pixel apparatus of a digital pixel cell accord-
ing to yet another embodiment of the disclosure.

[0041] FIG. 10 is a schematic view showing a current
driving digital pixel apparatus of a digital pixel cell accord-
ing to yet another embodiment of the disclosure.

DESCRIPTION OF THE EMBODIMENTS

[0042] FIG. 11is a schematic view showing a row scanuing
process in a display according to one embodiment of the
disclosure. As shown in FIG. 1, a display D has a screen
formed of an array of digital pixels DP. To be more specific,
the screen of the display D has m columns C1 to Cm and n
rows R1 to Rn of digital pixels DP, and m and n are integers
greater than or equal to 1. Each of the digital pixels DP is
constituted of one blue micro-LED, one green micro-LED,
and one red micro-LED and the corresponding current
drivers. In addition, each of the blue micro-LED, the green
micro-LED, and the red micro-LED functions as an light
source when receiving data from a controller (not shown). In
the display D, an input row data IRD is provided to a single
row of the digital pixels DP or to a plurality of rows of the
digital pixels DP at a time. When receiving the input row
data IRD, the blue micro-LEDs, the green micro-LEDs, and
the red micro-LEDs in the single row or the plurality of rows
emit blue light, green light, and red light so as to function as
the light source at that time. Next, the input row data IRD is
provided to the next row or next rows in sequence from R1
to Rn or in direction of the arrows from the top to the bottom
of the display D as shown in FIG. 1. In other words, the light
source, which is a single row or a plurality of rows of the
digital pixels DP, scan vertically between the row R1 and the
row Ru, and the input row data IRD is continuously inputted
to control the rows of digital pixels DP to display image. In
this way, the full screen of mxn digital pixels DP resolution
is realized.

[0043] FIG. 2A and FIG. 2B are schematic views showing
a digital pixel according to the embodiment in FIG. 1. As
shown in FIG. 2A, a digital pixel DPa includes a red
micro-LED R, a green micro-LED G, and a blue micro-LED
B directly bonding on a silicon chip. To be more specific,
each of the red micro-LED R, the green micro-LED G, and
the blue micro-LED B is driven by one cell driver circuit
(current driver) disposed below. The red micro-LED R and
the corresponding cell driver circuit disposed under the red
micro-LED R form a red digital pixel cell DPCRa. Similarly,
the green micro-LED G and the corresponding cell driver
circuit disposed under the green micro-LED G form a green
digital pixel cell DPCGa, and the blue micro-LED B and the
corresponding cell driver circuit disposed under the blue
micro-LED B form a blue digital pixel cell DPCBa. In the
present embodiment, the red digital pixel cell DPCRa, the
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green digital pixel cell DPCGa, and the blue digital pixel cell
DPCBa are horizontally arranged, but the disclosure is not
limited thereto.

[0044] A digital pixel DPb shown in FIG. 2B is similar to
the digital pixel DPa shown in FIG. 2A. The difference is
that a red digital pixel cell DPCRb, the green digital pixel
cell DPCGD, and the blue digital pixel cell DPCBb are
vertically arranged.

[0045] FIG. 3 is a schematic view showing a current
driving digital pixel apparatus of a digital pixel cell accord-
ing to one embodiment of the disclosure. As shown in FIG.
3, a current driving digital pixel apparatus 10a includes a
power rail PR, a common rail CR, a micro light emitting
device 100, and a current driver 200. The micro light
emitting device 100 is electrically coupled to the common
rail CR. The current driver 200 includes a first switching
device S1 and a current mirror device M1. The first switch-
ing device S1 of the current driver 200 is electrically coupled
to the power rail PR. The current mirror device M1 of the
current driver 200 is electrically coupled between the first
switching device S1 and the micro light emitting device 100.
To be more specific, an anode 100A of the micro light
emitting device 100 is electrically connected to the current
mirror device M1, and a cathode 100C of the micro light
emitting device 100 is electrically connected to the common
rail CR. The micro light emitting device 100 and the current
driver 200 are both located in the same area A of the digital
pixel cell in the current driving digital pixel apparatus 10a.
[0046] The current driving digital pixel apparatus 10a
further includes an electrostatic discharge device 110 and a
control device 120. The electrostatic discharge device 110 is
used to protect an internal circuit of the current driving
digital pixel apparatus 10a. The control device 120 is used
to control the internal circuit of the current driving digital
pixel apparatus 10a. The electrostatic discharge device 110
and the control device 120 can be arranged/located in the
same area A of the digital pixel cell in the current driving
digital pixel apparatus 10a.

[0047] In addition, the power rail PR is configured to
supply a source current SI to the current mirror device M1
through the first switching device S1, and the first switching
device S1 is configured to turn on and turn off the source
current SI received by the current mirror device M1. The
current mirror device M1 receives the source current SI from
the power rail PR through the first switching device S1 and
supplies a current EI, which is an expected current, to the
micro light emitting device 100.

[0048] When the micro light emitting device 100 is turned
off or in a disable state, the voltage of the anode 100A of the
micro light emitting device 100 is approximately equal to a
voltage ELVSS of the common rail CR. Since the current
mirror device M1 is directly and electrically connected to
the anode 100A of the micro light emitting device 100, the
current mirror device M1 should be a medium voltage (MV)
device when concerning the stress of the current mirror
device M1. In other words, the current mirror device M1
should be a medium voltage (MV) device to withstand the
voltage stress from the anode 100A.

[0049] Since the first switching device S1 is electrically
coupled between the power rail PR and the current mirror
device M1, the first switching device S1 is near a voltage
ELVDD of the power rail PR. Therefore, when the first
switching device S1 is turned on (in enable state) or is turned
off (in disable state), the drain, the source, the gate, and the
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buck of the first switching device S1 are not stressed because
of overvoltage. Consequently, it is possible that the first
switching device S1 is a low voltage (LV) device. It should
be noted here, the first switching device S1 is configured to
turn on and turn off the source current ST received by the
current mirror device M1.

[0050] As a result, in the present embodiment, the first
switching device S1 can be a LV device and the current
mirror device M1 can be a MV device. In addition, the first
switching device S1 is controlled to be turned on or turned
off by the high and low levels of a signal EMB1, and the
current mirror device M1 is controlled by a voltage signal
VBIAS. Since the first switching device S1 is a LV device,
it is possible that the signal EMB1 is a LV lever control
signal, and the waveform of the signal EMB1 is shown in
FIG. 3 as an example. It should be noted here, the signal
EMBI1 and the voltage signal VBIAS may be applied at the
same time or at different times, the disclosure is not limited
thereto.

[0051] Normally, the LV device has a lower threshold
voltage Vt, a lower turn-on resistance, and a smaller size
compared to the MV device. Therefore, in the present
embodiment, the dynamic power required in turning on and
turning off the first switching device S1, which is a LV
device, can be reduced. In addition, the noise coupled back
from the first switching device 81, when switching (turning
on and turning off), to the voltage signal VBIAS, can be also
greatly reduced.

[0052] In the present embodiment, the first switching
device S1 is a switching transistor, and the current mirror
device M1 is a current mirror transistor circuit. The micro
light emitting device 100 may be a red, green, or blue
micro-LED. However, the disclosure is not limited thereto.

[0053] FIG. 4 is a schematic view showing a current
driving digital pixel apparatus of a digital pixel cell accord-
ing to another embodiment of the disclosure. FIG. 5 is a
schematic view showing an array driver and a micro light
emitting device array according to the embodiment in FIG.
4. A current driving digital pixel apparatus 105 in the present
embodiment is similar to the current driving digital pixel
apparatus 10a in FIG. 3, so only the differences are
described hereinafter. As shown in FIG. 4, in the current
driving digital pixel apparatus 105 of the present embodi-
ment, the micro light emitting device 100 and the electro-
static discharge device 110 are located in the area A of the
digital pixel cell in the current driving digital pixel apparatus
105. However, the current driver 200 is located in a driver
area B outside of the area A of the digital pixel cell. The
current driver 200 and the digital pixel cell area A can be
connected with each other by only one connection 300. That
is to say, the first switching device S1 and the current mirror
device M1 of the current driver 200 are both located in the
driver area B outside of the area A of the digital pixel cell,
but the disclosure is not limited thereto. In other embodi-
ments, the micro light emitting device 100 is located in the
area A of the digital pixel cell, and at least the first switching
device S1 of the current driver 200 is located in the driver
area B outside of the area A of the digital pixel cell. The
micro light emitting device 100 belongs to an active micro
light emitting device array, and the current driver 200
belongs to a driver array. It should be noted here, the control
device 120 is not located within the area A of the digital pixel
cell in the current driving digital pixel apparatus 105.
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[0054] To be more specific, as shown in FIG. 5, the micro
light emitting device 100 together with the micro light
emitting devices 100_1 to 100_7 are arranged on an active
micro light emitting device array MA. The current driver
200 together with the current drivers 200_1 to 200_7 are
arranged on a driver array DA. The configuration and
structure of each of the micro light emitting devices 100_1
to 100_7 is the same as the configuration and structure of the
micro light emitting device 100. The configuration and
structure of each of the current drivers 200_1 to 200_7 is the
same as the current driver 200. The current driver 200 is
configured to control the micro light emitting device 100 as
mentioned in the embodiment in FIG. 3. In the same way, the
current drivers 200_1 to 200_7 are configured to control the
micro light emitting devices 100_1 to 100_7, respectively.
However, the current driver 200 together with the current
drivers 200_1 to 200_7 on the driver array DA the are
connected to the micro light emitting device 100 together
with the micro light emitting devices 100_1 to 100_7 on the
active micro light emitting device array MA by only one
connection 300. The connection 300 may include a plurality
of conductive wires, and each conductive wire connect one
current driver to one corresponding micro light emitting
device, the disclosure is not limited thereto. In addition,
there are eight current drivers and eight micro light emitting
devices in the present embodiment as an example, the
disclosure is not limited thereto. In other embodiments, there
are more than one current driver and one micro light
emitting device.

[0055] In general, one current driver has a larger size than
one micro light emitting device. Since the current drivers
200 and 200 _1 to 200_7 are all located in the driver area B
outside of the area A of the digital pixel cell, the current
drivers 200 and 200_1 to 200_7 can be flexibly designed to
optimize performance without being restricted by area con-
dition. Further, in the area A of the digital pixel cell, the
wiring area for the signal EMBI1 and the voltage signal
VBIAS is not required, there is only one connection 300 to
the digital pixel cell, and there is no device under the digital
pixel cell (there is only one current driving connection to the
anode 100A). Hence, it is possible to dispose/arrange more
micro light emitting devices in the same area A of the digital
pixel cell, so as to achieve finer pitch micro light emitting
device.

[0056] FIG. 6 is a schematic view showing a current
driving digital pixel apparatus of a digital pixel cell accord-
ing to yet another embodiment of the disclosure. A current
driving digital pixel apparatus 10c¢ in the present embodi-
ment is similar to the current driving digital pixel apparatus
104 in FIG. 4, only the differences are described hereinafter.
As shown in FIG. 6, a parasitic capacitor 400 exists in the
current driving digital pixel apparatus 10c¢, -electrically
coupled to the anode 100A of the micro light emitting device
100.

[0057] It should be noted here, in the current driving
digital pixel apparatus 105 of the embodiment shown in FIG.
4, the current driver 200 and the area A of the digital pixel
cell have a long connection therebetween. In other words,
the length of the connection 300 is long so the connection
300 is a long connection between the current driver 200 and
the area A of the digital pixel cell. It causes an additional and
large capacitor loading at the anode 100A of the micro light
emitting device 100. To be more specific, when the micro
light emitting device 100 is turned on, the current EI, which
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is a constant current, is supplied to the anode 100A of the
micro light emitting device 100. At that time, the current EI
charges the anode 100A to reach a voltage V_anode. When
the micro light emitting device 100 is turned off and the
current driver 200 stops supplying the current EI to the
anode 100A of the micro light emitting device 100, the
voltage V_anode at the anode 100A is discharged by the
micro light emitting device 100.

[0058] Therefore, in the current driving digital pixel appa-
ratus 105, the smaller the current EI becomes, the longer
time the process of turning on and turning off the micro light
emitting device 100 is required. It may cause a problem to
fast-scan-rate applications of the current driving digital pixel
apparatus 105. In addition, larger power consumption to
charge and discharge the anode 100A of the micro light
emitting device 100 is required.

[0059] Since the micro light emitting device 100 of the
digital pixel cell is driven by a constant current source (the
current EI is constant), the voltage V_anode reaches a DC
level (mean value) when the first switching device S1 is
turned on and the current EI is supplied. In the current
driving digital pixel apparatus 10c of the present embodi-
ment, the parasitic capacitor 400 is electrically coupled to
the anode 100A of the micro light emitting device 100. In
addition, the parasitic capacitor 400 is the largest and
dominant capacitor at the same DC level. That is to say, the
parasitic capacitor 400 provides a pseudo voltage at the
anode 100A of the micro light emitting device 100 when the
micro light emitting device 100 is turned on and turned off.
In addition, there is no need for an additional current to
charge or discharge the dominate capacitor 400. Conse-
quently, there no need a long time to charge the anode 100A
to reach the DC level, so the whole circuit (the current
driving digital pixel apparatus 10¢) has a higher speed and
lower power consumption. The waveform of the voltage Vin
in the on (turning on or charging) and off (turning off or
discharging) process of the micro light emitting device 100
is shown in FIG. 6.

[0060] FIG. 7 is a schematic view showing a current
driving digital pixel apparatus of a digital pixel cell accord-
ing to yet another embodiment of the disclosure. A current
driving digital pixel apparatus 104 in the present embodi-
ment is similar to the current driving digital pixel apparatus
10c¢ in FIG. 6, so only the differences are described herein-
after. As shown in FIG. 7, the current driving digital pixel
apparatus 104 further includes a second switching device S2
that is electrically coupled to the micro light emitting device
100. To be more specific, the second switching device S2 is
electrically coupled between the anode 100A of the micro
light emitting device 100 and the parasitic capacitor 400.
The second switching device S2 is also electrically coupled
between the anode 100A of the micro light emitting device
100 and the current mirror device M1 of the current driver
200. In addition, the second switching device S2 can be
controlled to be turned on or turned off by the high and low
levels of a signal EMB2.

[0061] In the disclosure, the micro light emitting device
100 is located in the area A of the digital pixel cell, and at
least the first switching device S1 of the current driver 200
is located in the driver area B outside of the area A of the
digital pixel cell. To be more specific, the first switching
device S1 and the current mirror device M1 of the current
driver 200 are both located in the driver area B outside of the
area A of the digital pixel cell in the present embodiment.
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[0062] In the present embodiment, the second switching
device S2 can be used to separate the parasitic capacitor 400
and the digital pixel cell. Preferably but not limitedly, the
first switching device S1 and the second switching device S2
can be controlled to be turned on or turned off by the signal
EMBI and the signal EMB2 at the same time. In other
words, the first switching device S1 and the second switch-
ing device S2 can be turned on and off simultaneously. As
such, the parasitic capacitor 400 can provide a pseudo
voltage and keeps the pseudo voltage at the same voltage
level when the micro light emitting device 100 is turned on
and turned off. Therefore, shorter time and less power are
required when switching the micro light emitting device 100
on and off. To be more specific, when the micro light
emitting device 100 is turned on, the current EI directly
drives the micro light emitting device 100 with the assist of
the pseudo voltage provided by the parasitic capacitor 400.
Hence, the micro light emitting device 100 can be turned on
faster. When the micro light emitting device 100 is turned
off, the second switching device S2 is turned off and
separates the parasitic capacitor 400 and the anode 100A of
the micro light emitting device 100. In other words, the
second switching device S2 separates the pseudo voltage
and the voltage of the anode 100 A of the micro light emitting
device 100. Therefore, only the voltage of the anode 100A
is discharged by the micro light emitting device 100, causing
the micro light emitting device 100 to be turned off faster.
Moreover, the second switching device S2 is configured to
turn off a discharging path for the parasitic capacitor 400
located between the area A of the digital pixel cell and the
driver area B when the first switching device S1 is turned off.
Furthermore, the waveform of voltage V_anode at the anode
100A in the on (turning on or charging) and off (turning off
or discharging) process is also shown in FIG. 7, and the
waveform of the voltage Vin using in the on (turning on or
charging) and off (turning off or discharging) process of the
micro light emitting device 100 is also shown in FIG. 7.

[0063] In the present embodiment, it is possible that the
first switching device S1 is a LV device, and the current
mirror device M1 is a MV device, but the disclosure is not
limited thereto. Since there is presence of the second switch-
ing device S2, the first switching device S1 may be a MV
device and the current mirror device M1 may be a LV
device, the first switching device S1 and the current mirror
device M1 are both MV devices, or the first switching device
S1 and the current mirror device M1 can be both LV devices.
It should be noted here, the second switching device S2 can
be a MV device.

[0064] FIG. 8 is a schematic view showing a current
driving digital pixel apparatus of a digital pixel cell accord-
ing to yet another embodiment of the disclosure. A current
driving digital pixel apparatus 10e in the present embodi-
ment is similar to the current driving digital pixel apparatus
10d in FIG. 7, only the differences are described hereinafter.
As shown in FIG. 8, the current driving digital pixel appa-
ratus 10e further includes a second switching device S2a
instead of the second switching device S2 in FIG. 7. The
second switching device S2a is electrically coupled between
the cathode 100C of the micro light emitting device 100 and
the common rail CR. The second switching device S2a is
controlled to be turned on or turned off by the high and low
levels of a signal EMB2a. Preferably but not limitedly, the
first switching device S1 and the second switching device
S2a are controlled to be turned on or turned off by the signal
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EMBI and the signal EMB2a at the same time. In other
words, the first switching device S1 and the second switch-
ing device S2a are turned on and off simultaneously.

[0065] 1In the present embodiment, the second switching
device S2a is used to separate the cathode 100C of the micro
light emitting device 100 and the common rail CR. The
parasitic capacitor 400 provides a pseudo voltage and keeps
the pseudo voltage at the same voltage level when the micro
light emitting device 100 is turned on and turned off.
Therefore, shorter time and less power are required when
switching the micro light emitting device 100 on and off. To
be more specific, when the micro light emitting device 100
is turned on, the current EI directly drives the micro light
emitting device 100 with the assist of the pseudo voltage
provided by the parasitic capacitor 400. Hence, the micro
light emitting device 100 is turned on faster. When the micro
light emitting device 100 is turned off, the second switching
device S2q is turned off and separates the cathode 100C of
the micro light emitting device 100 and the common rail CR.
In other words, the second switching device S2a separates
the voltage of the cathode 100C of the micro light emitting
device 100 and the voltage ELVSS of the common rail CR.
Therefore, only the voltage of the cathode 100C is dis-
charged by the micro light emitting device 100, so the micro
light emitting device 100 is turned off faster. Further, the
waveform of voltage V_cathode at the cathode 100C in the
“on” (turning on or charging) and “off” (turning off or
discharging) process is shown in FIG. 8, and the waveform
of the voltage Vin using in the “on” (turning on or charging)
and “off” (turning off or discharging) process of the micro
light emitting device 100 is also shown in FIG. 8.

[0066] FIG. 9 is a schematic view showing a current
driving digital pixel apparatus of a digital pixel cell accord-
ing to yet another embodiment of the disclosure. A current
driving digital pixel apparatus 10f in the present embodi-
ment is similar to the current driving digital pixel apparatus
10c¢ in FIG. 6, only the differences are described hereinafter.
In the current driving digital pixel apparatus 10f of the
present embodiment, the area A of the digital pixel and the
driver area B are overlapped. The current mirror device M1
is located at the overlapped region of the area A and the
driver area B. That is to say, the micro light emitting device
100 and the current mirror device M1 of the current driver
200 are located in the area A of the digital pixel cell, and the
first switching device S1 of the current driver S1 is located
outside of the area A of the digital pixel cell. In other words,
the current mirror device M1 is located in the area A of the
digital pixel cell and the first switching device S1 of the
current driver 200 is located in the driver area B outside of
the area A of the digital pixel cell.

[0067] The current driving digital pixel apparatus 10/
further includes a capacitor 400a. The parasitic capacitor
400¢ is coupled to the ground and between the first switch-
ing device S1 and the current mirror device M1. In addition,
the current driving digital pixel apparatus 10f further
includes a second switching device S2 that is electrically
coupled to the micro light emitting device 100. The second
switching device S2 is electrically coupled between the
current mirror device M1 and the anode 100A of the micro
light emitting device 100. In addition, the second switching
device S2 is controlled to be turned on or turned off by the
high and low levels of a signal EMB2. Preferably but not
limitedly, the first switching device S1 and the second
switching device S2 are controlled to be turned on or turned
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off by the signal EMB1 and the signal EMB2 at the same
time. In other words, the first switching device S1 and the
second switching device S2 are turned on and off simulta-
neously.

[0068] In the present embodiment, the second switching
device S2 is used to separate the parasitic capacitor 400a and
the digital pixel cell. The parasitic capacitor 400a provides
a pseudo voltage and keeps the pseudo voltage at the same
voltage level when the micro light emitting device 100 is
turned on and turned off. Therefore, shorter time and less
power are required when the micro light emitting device 100
is switched on and off. To be more specific, when the micro
light emitting device 100 is turned on, the current EI directly
drives the micro light emitting device 100 with the assist of
the pseudo voltage provided by the parasitic capacitor 400a.
Hence, the micro light emitting device 100 is turned on
faster. When the micro light emitting device 100 is turned
off, the second switching device S2 is turned off and
separates the parasitic capacitor 400¢ and the anode 100A of
the micro light emitting device 100. In other words, the
second switching device S2 separates the pseudo voltage
and the voltage of the anode 100 A of the micro light emitting
device 100. Therefore, only the voltage of the anode 100A
is discharged by the micro light emitting device 100, so the
micro light emitting device 100 is turned off faster.

[0069] Further, a voltage V_ina is a voltage at the position
between the current mirror device M1 and the second
switching device S2. The waveform of the voltage V_ina in
the “on” (turning on or charging) and “off” (turning off or
discharging) process is shown in FIG. 9. Additionally, the
waveform of the voltage Vin using in the on and off process
of the micro light emitting device 100 is also shown in FIG.
9, and the waveform of voltage V_anode at the anode 100A
in the on (turning on or charging) and off (turning off or
discharging) process is also shown in FIG. 9.

[0070] FIG. 10 is a schematic view showing a current
driving digital pixel apparatus of a digital pixel cell accord-
ing to yet another embodiment of the disclosure. A current
driving digital pixel apparatus 10g in the present embodi-
ment is similar to the current driving digital pixel apparatus
10f'in FIG. 9, so only the differences are described herein-
after. The current driving digital pixel apparatus 10g of the
present embodiment further includes the second switching
device S2q, the second switching device S2a is electrically
coupled between the common rail CR and the cathode 100C
of the micro light emitting device 100.

[0071] In the present embodiment, the second switching
device S2a is used to separate the cathode 100C of the micro
light emitting device 100 and the common rail CR. The
parasitic capacitor 400a provides a pseudo voltage and
keeps the pseudo voltage at the same voltage level when the
micro light emitting device 100 is turned on and turned off.
Therefore, shorter time and less power are required when
switching the micro light emitting device 100 on and off. To
be more specific, when the micro light emitting device 100
is turned on, the current EI directly drives the micro light
emitting device 100 with the assistance of the pseudo
voltage provided by the parasitic capacitor 400a. Hence, the
micro light emitting device 100 is turned on faster. When the
micro light emitting device 100 is turned off, the second
switching device S2a is turned off and separates the cathode
100C of the micro light emitting device 100 and the common
rail CR. In other words, the second switching device S2a
separates the voltage of the cathode 100C of the micro light
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emitting device 100 and the voltage ELVSS of the common
rail CR. Therefore, only the voltage of the cathode 100C is
discharged by the micro light emitting device 100, causing
the micro light emitting device 100 to be turned off faster.
[0072] 1In FIG. 10, the waveform of the voltage Vin using
in the on (turning on or charging) and off (turning off or
discharging) process of the micro light emitting device 100
is also shown. Further, the waveform of the voltage V_anode
at the anode 100A and the waveform of the voltage V_cath-
ode at the cathode 100C in the “on” (turning on or charging)
and “off” (turning off or discharging) process are also shown
in FIG. 10.
[0073] In summary, in the disclosure, since the first
switching device is electrically coupled between the power
rail and the current mirror device, the first switching device
can be a low voltage (LV) device which is controlled by a
LV lever control signal. In addition, the current mirror
device can be a medium voltage (MV) device. Normally, the
LV device has a lower threshold voltage, a lower turn-on
resistance, and a smaller size compared to the MV device.
Therefore, in the disclosure, the dynamic power required in
turning on and turning off the first switching device, which
is a LV device, can be reduced. In addition, the noise coupled
back from the first switching device, during the switching
(turning on and turning off) time, to the voltage signal
controlling the current mirror device, can be also greatly
reduced.
[0074] Moreover, one current driver has a larger size than
one micro light emitting device. In the disclosure, since the
current drivers are all located in the area outside of the area
of the digital pixel cell, the current drivers can be flexibly
designed to optimize performance without being restricted
by area condition. Further, in the area of the digital pixel
cell, the wiring area for the signal controlling the first
switching device and the voltage signal controlling the
current mirror device is not required, there is only one
connection from the current drivers to the digital pixel cell,
and there is no device under the digital pixel cell. Hence, it
is possible to dispose/arrange more micro light emitting
devices in the same area of the digital pixel cell, so as to
achieve finer-pitch micro light emitting device.
[0075] In addition, a second switching device, a capacitor,
or both the second switching device and the parasitic capaci-
tor are added to reduce the discharging or charging time.
Therefore, shorter time and less power are required when the
micro light emitting device is switched on and off.
[0076] Tt will be apparent to those skilled in the art that
various modifications and variations can be made to the
disclosed embodiments without departing from the scope or
spirit of the disclosure. In view of the foregoing, it is
intended that the disclosure covers modifications and varia-
tions provided that they fall within the scope of the follow-
ing claims and their equivalents.
What is claimed is:
1. A current driving digital pixel apparatus, comprising:
a power rail, configured to supply a source current;
a common rail;
amicro light emitting device, configured to be electrically
coupled to the common rail; and
a current driver, comprising;
a first switching device, configured to be electrically
coupled to the power rail; and
a current mirror device, configured to be electrically
coupled between the first switching device and the
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micro light emitting device, the current mirror device
configured to receive the source current from the
power rail through the first switching device and
supply a current to the micro light emitting device,
wherein the first switching device is a low voltage device
and the current mirror device is a medium voltage
device.

2. The current driving digital pixel apparatus as recited in
claim 1, wherein the first switching device is a switching
transistor, and the current mirror device is a current mirror
transistor circuit.

3. The current driving digital pixel apparatus as recited in
claim 1, wherein the first switching device is configured to
turn on and turn off the source current received by the
current mirror device.

4. The current driving digital pixel apparatus as recited in
claim 1, wherein the micro light emitting device is a red,
green, or blue micro light emitting diode.

5. The current driving digital pixel apparatus as recited in
claim 1, wherein an anode of the micro light emitting device
is electrically connected to the current mirror device, and a
cathode of the micro light emitting device is electrically
connected to the common rail.

6. The current driving digital pixel apparatus as recited in
claim 1, wherein the micro light emitting device and the
current driver are located in a same area of a digital pixel
cell.

7. The current driving digital pixel apparatus as recited in
claim 1, wherein the micro light emitting device is located
in an area of a digital pixel cell, and at least the first
switching device of the current driver is located in a driver
area outside of the area of the digital pixel cell.

8. The current driving digital pixel apparatus as recited in
claim 7, wherein the first switching device and the current
mirror device of the current driver are both located in the
driver area outside of the area of the digital pixel cell.

9. The current driving digital pixel apparatus as recited in
claim 7, wherein the current mirror device is located in the
area of the digital pixel cell and the first switching device of
the current driver is located in the driver area outside of the
area of the digital pixel cell.

10. A current driving digital pixel apparatus, comprising:

a power rail, configured to supply a source current;

a common rail;

amicro light emitting device, configured to be electrically

coupled to the common rail;

a current driver, comprising:

a first switching device, configured to be electrically
coupled to the power rail; and

a current mirror device, configured to be electrically
coupled between the first switching device and the
micro light emitting device, the current mirror device
configured to receive the source current from the
power rail through the first switching device and
supply a current to the micro light emitting device;
and

a second switching device, electrically coupled to the

micro light emitting device.

11. The current driving digital pixel apparatus as recited
in claim 10, wherein the first switching device and the
second switching device are turned on and off simultane-
ously.
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12. The current driving digital pixel apparatus as recited
in claim 10, wherein the micro light emitting device is
located in an area of a digital pixel cell, and at least the first
switching device of the current driver is located in a driver
area outside of the area of the digital pixel cell.

13. The current driving digital pixel apparatus as recited
in claim 12, wherein the second switching device is config-
ured to turn off a discharging path for a parasitic capacitor
located between the area of a digital pixel cell and the driver
area when the first switching device is turned off.

14. The current driving digital pixel apparatus as recited
in claim 12, wherein the first switching device and the
current mirror device of the current driver are both located
in the driver area outside of the area of the digital pixel cell.

15. The current driving digital pixel apparatus as recited
in claim 12, wherein the current mirror device is located in
the area of the digital pixel cell and the first switching device
of the current driver is located in the driver area outside of
the area of the digital pixel cell.

16. The current driving digital pixel apparatus as recited
in claim 10, wherein the second switching device is elec-
trically coupled between the current mirror device and the
micro light emitting device.

17. The current driving digital pixel apparatus as recited
in claim 10, wherein the second switching device is elec-
trically coupled between the common rail and the micro
light emitting device.

18. The current driving digital pixel apparatus as recited
in claim 10, wherein the first switching device is a low
voltage device and the current mirror device is a medium
voltage device.

19. The current driving digital pixel apparatus as recited
in claim 10, wherein the first switching device is a medium
voltage device and the current mirror device is a low voltage
device.

20. The current driving digital pixel apparatus as recited
in claim 10, wherein the first switching device and the
current mirror device are medium voltage devices.

21. The current driving digital pixel apparatus as recited
in claim 10, wherein the first switching device and the
current mirror device are low voltage devices.

22. The current driving digital pixel apparatus as recited
in claim 10, wherein the second switching device is a
medium voltage device.

23. The current driving digital pixel apparatus as recited
in claim 10, wherein the first switching device is a switching
transistor, and the current mirror device is a current mirror
transistor circuit.

24. The current driving digital pixel apparatus as recited
in claim 10, wherein the first switching device is configured
to turn on and turn off the source current received by the
current mirror device.

25. The current driving digital pixel apparatus as recited
in claim 10, wherein the micro light emitting device is a red,
green, or blue micro light emitting diode.

26. The current driving digital pixel apparatus as recited
in claim 10, wherein an anode of the micro light emitting
device is electrically connected to the current mirror device,
and a cathode of the micro light emitting device is electri-
cally connected to the common rail.
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