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EMISSION CONTROL APPARATUSES AND
METHODS FOR A DISPLAY PANEL

RELATED APPLICATIONS

[0001] This application claims the benefit of priority of
U.S. Provisional Application No. 62/171,928 filed Jun. 5,
2015, which is incorporated herein by reference.

BACKGROUND

Field

[0002] The disclosure relates generally to a display sys-
tem, and, more specifically, to emission control apparatuses
and methods for a display panel.

Background Information

[0003] Display panels are utilized in a wide range of
electronic devices. Common types of display panels include
active matrix display panels where each pixel may be driven
to display a data frame. High-resolution color display pan-
els, such as computer displays, smart phones, and televi-
sions, may use an active matrix display structure. An active
matrix display of mxn display (e.g., pixel) elements may be
addressed with m row lines and n column lines or a subset
thereof. In conventional active matrix display technologies
a switching device and storage device is located at every
display element of the display. A display element may be a
light emitting diode (LED) or other light emitting material.
A storage device(s) (e.g., a capacitor or a data register) may
be connected to each display (e.g., pixel) element, for
example, to load a data signal therein (e.g., corresponding to
the emission to be emitted from that display element). The
switches in conventional displays are usually implemented
through transistors made of deposited thin films, and thus are
called thin film transistors (TFTs). A common semiconduc-
tor used for TFT integration is amorphous silicon (a-Si),
which allows for large-area fabrication in a low temperature
process. A main difference between a-Si TFT and a conven-
tional silicon metal-oxide-semiconductor-field-effect-tran-
sistor (MOSFET) is lower electron mobility in a-Si due to
the presence of electron traps. Another difference includes a
larger threshold voltage shift. Low temperature polysilicon
(LTPS) represents an alternative material that is used for
TFT integration. LTPS TFTs have a higher mobility than
a-Si TFTs, yet mobility is still lower than for MOSFETs.

SUMMARY

[0004] Methods, systems, and apparatuses for controlling
an emission of a display panel are described. In one embodi-
ment, a display driver hardware circuit includes row selec-
tion logic to select a number of rows in an emission group
of adisplay panel, in which the number of rows is adjustable
from a single row to a full panel of the display panel. column
selection logic to select a number of columns in the emission
group of the display panel, in which the number of columns
is adjustable from a single column to the full panel of the
display panel, and emission logic to select a number of
pulses per data frame to be displayed, in which the number
of pulses per data frame is adjustable from one to a plurality
and a pulse length is adjustable from a continuous duty cycle
to a non-continuous duty cycle. The display driver hardware
circuit may include a plurality of non-linear gray scale
clocks, and in which the emission logic is to compare a first

Jun. 28,2018

data signal to a number of pulses from a first non-linear gray
scale clock to cause an emission by a first display element
when the first data signal differs from the number of pulses
from the first non-linear gray scale clock, and is to compare
a second data signal to a second number of pulses from a
second non-linear gray scale clock to cause an emission by
a second, different colored display element when the second
data signal differs from the second number of pulses from
the second non-linear gray scale clock. The display driver
hardware circuit may include a timing offset circuit to begin
emissions of adjacent display elements of the display panel
at different times. The number of pulses per data frame to be
displayed may be a plurality of pulses and the emission logic
may increase a pulse length of less than all of the plurality
of pulses for each successive gray level. The emission group
may be a pixel comprising at least one red light emitting
diode (LED), green LED, and blue LED, though this par-
ticular arrangement is exemplary and other LED color
arrangements in a pixel may be used.

[0005] In an embodiment, a method to drive a display
panel includes selecting a number of rows in an emission
group of a display panel with row selection logic, with the
number of rows being adjustable from a single row to a full
panel of the display panel, selecting a number of columns in
the emission group of the display panel with column selec-
tion logic, with the number of columns being adjustable
from a single column to the full panel of the display panel,
and selecting a number of pulses per data frame to be
displayed with emission logic, with the number of pulses per
data frame being adjustable from one to a plurality and a
pulse length is adjustable from a continuous duty cycle to a
non-continuous duty cycle. The method may include com-
paring a first data signal to a number of pulses from a first
non-linear gray scale clock to cause an emission by a first
display element when the first data signal differs from the
number of pulses from the first non-linear gray scale clock,
and comparing a second data signal to a second number of
pulses from a second non-linear gray scale clock to cause an
emission by a second, different colored display element
when the second data signal differs from the number of
pulses from the second non-linear gray scale clock. The
method may include beginning emissions of adjacent dis-
play elements of the display panel at different times with a
timing offset circuit. The number of pulses per data frame to
be displayed may be a plurality of pulses and the emission
logic may increase a pulse length of less than all of the
plurality of pulses for each successive gray level. The
emission group may be a pixel comprising at least one red
light emitting diode (LED), green LED, and blue LED,
though this particular arrangement is exemplary and other
LED color arrangement sin a pixel may be used.

[0006] In an embodiment, a display driver hardware cir-
cuit includes a counter to store a number of pulses of a
non-linear gray scale clock, and a plurality of unit circuits.
Each unit circuit may include a data register to store a data
signal, a comparator to compare the data signal from the data
register to the number of pulses to cause an emission by a
display element when the data signal differs from the num-
ber of pulses, and a timing offset circuit to begin emissions
of adjacent display elements at different times. The adjacent
display elements may be a row of a display panel. The
adjacent display elements may be a column of a display
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panel. The adjacent display elements may be multiple rows
and multiple columns of a display panel. Each display
element may be a pixel.

[0007] In an embodiment, a method to drive a display
panel includes counting a number of pulses of a non-linear
gray scale clock, storing a first data signal in a first data
register and a second data signal in a second data register,
comparing the first data signal from the first data register to
the number of pulses to cause an emission by a first display
element of the display panel when the first data signal differs
from the number of pulses, comparing the second data signal
from the second data register to the number of pulses to
cause an emission by an adjacent, second display element of
the display panel when the second data signal differs from
the number of pulses, and beginning the emission by the first
display element and the emission of the adjacent, second
display element at different times. The method may include
providing the first display element and the adjacent, second
display element as a row of the display panel. The method
may include providing the first display element and the
adjacent, second display element as a column of the display
panel. The method may include providing the first display
element and the adjacent, second display element as mul-
tiple rows and multiple columns of the display panel. The
method may include providing each of the first display
element and the adjacent, second display element as a pixel.
[0008] In an embodiment, a display driver hardware cir-
cuit includes a data register to store a data signal, a counter
to store a number of pulses of a gray scale clock, and a
comparator to compare the data signal from the data register
to the number of pulses to cause an emission by a display
element when the data signal differs from the number of
pulses, where the emission is to include multiple pulses for
each data frame to be displayed and each successive gray
level is to increase a pulse length of less than all of the
multiple pulses (gray level may be modulated with an
increased pulse length of less than all of the multiple pulses
in a data frame). The gray scale clock may be a non-linear
gray scale clock. Each successive gray level may increase a
pulse length of only one pulse of the multiple pulses. The
multiple pulses may be at a same amplitude. The multiple
pulses may be at least three pulses.

[0009] In an embodiment, a method to drive a display
panel includes counting a number of pulses of a gray scale
clock, storing a data signal in a data register, and comparing
the data signal from the data register to the number of pulses
to cause an emission by a display element of the display
panel when the data signal differs from the number of pulses,
where the emission includes multiple pulses for each data
frame to be displayed and each successive gray level is to
increase a pulse length of less than all of the multiple pulses
(gray level may be modulated by increasing a pulse length
of less than all of the multiple pulses in a data frame). The
counting may include counting the number of pulses of a
non-linear gray scale clock. Each successive gray level may
increase a pulse length of only one pulse of the multiple
pulses. The multiple pulses may be at a same amplitude. The
multiple pulses may be at least three pulses.

[0010] In an embodiment, a display driver hardware cir-
cuit includes means to select a number of rows in an
emission group of a display panel, in which the number of
rows is adjustable from a single row to a full panel of the
display panel, means to select a number of columns in the
emission group of the display panel, in which the number of
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columns is adjustable from a single column to the full panel
of the display panel, and means to select a number of pulses
per data frame to be displayed, in which the number of
pulses per data frame is adjustable from one to a plurality
and a pulse length is adjustable from a continuous duty cycle
to a non-continuous duty cycle.

[0011] In an embodiment, a display system includes a
backplane including an active area, a row of column drivers
including a plurality of column drivers, a column of row
drivers including a plurality of row drivers, an array of micro
driver chips in the active area, an array of micro LEDs in the
active area and electrically connected to the array of micro
driver chips, an emission controller.

[0012] Each micro driver chip may control a plurality of
pixels. In an embodiment, the micro driver chips are surface
mounted on the backplane in the active area. The plurality of
column drivers and the plurality of row drivers may likewise
be surface mounted on the backplane. The emission con-
troller may include a non-linear clock generator, which may
additionally include a plurality of non-linear clock genera-
tors. For example, the plurality of non-linear clock genera-
tors may include a first non-linear clock generator to provide
anon-linear clock pulse signal for red emitting micro LEDs.
Separate non-linear clock generator may be provided for
each different color emitting micro LED. In an embodiment,
a non-linear clock generator provides a non-linear clock
pulse signal to a group of different color emitting LEDs,
such as for both blue and green emitting LEDs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Embodiments are illustrated by way of example
and not limitation in the Figures of the accompanying
drawings:

[0014] FIG. 1 is a graphical illustration of the relationship
of external quantum efficiency (EQE) to operating current
for a semiconductor-based micro LED in accordance with an
embodiment.

[0015] FIG. 2 is a display system according to one
embodiment of the disclosure.

[0016] FIG. 3A is an illustration of amplitude modulation
(AM) in which the current level per pixel sets the grey level
according to one embodiment of the disclosure.

[0017] FIG. 3B is an illustration of pulse width modula-
tion (PWM) in which the pulse width sets the grey level
according to one embodiment of the disclosure.

[0018] FIG. 3C s an illustration of a hybrid modulation in
which pulse width may be modulated to set a coarse grey
level, and current level is modulated to set a fine grey level
according to one embodiment of the disclosure.

[0019] FIG. 4 is a display system with multiple micro-
drivers (uD) according to one embodiment of the disclosure.
[0020] FIG. 5 is a display system with multiple micro-
drivers (uD) according to one embodiment of the disclosure.
[0021] FIG. 61is a close up view illustration of a non-linear
clock generator according to one embodiment of the disclo-
sure.

[0022] FIG. 7 is a non-linear time versus gray level
diagram according to one embodiment of the disclosure.
[0023] FIG. 8 is a unit cell of a microdriver according to
one embodiment of the disclosure.

[0024] FIG. 9 is a microdriver according to one embodi-
ment of the disclosure.

[0025] FIG. 10 is a block diagram of a display system
according to one embodiment of the disclosure.
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[0026] FIG. 11 is a diagram of pixel data distribution
according to one embodiment of the disclosure.

[0027] FIG. 12 is a block diagram of emission clock row
drivers according to one embodiment of the disclosure.
[0028] FIGS. 13A-13D are clock polarity options accord-
ing to one embodiment of the disclosure.

[0029] FIG. 14 illustrates single-ended and differential
modes of column driving according to one embodiment of
the disclosure.

[0030] FIG. 15 is an emission pulse controller according
to one embodiment of the disclosure.

[0031] FIG. 16 is a pulse control circuit according to one
embodiment of the disclosure.

[0032] FIG. 17 is an emission pulse width modulation
(PWM) control timing diagram according to one embodi-
ment of the disclosure.

[0033] FIG. 18 is a block diagram for emission control
according to one embodiment of the disclosure.

[0034] FIG. 19 is a display system according to one
embodiment of the disclosure.

[0035] FIG. 20 is a unit cell of a microdriver according to
one embodiment of the disclosure.

[0036] FIG. 21 is a microdriver including multiple unit
cells according to one embodiment of the disclosure.
[0037] FIG. 22A is a time and row position diagram for an
emission pattern according to one embodiment of the dis-
closure.

[0038] FIG. 22B is an embodiment of a time and column
position diagram for the emission pattern in FIG. 22A.
[0039] FIG. 22C is a diagram of an embodiment of the
progression of emitting pixels (e.g., indicated by black) that
corresponds to the timing diagrams in FIGS. 22A-22B.
[0040] FIG.22D is an embodiment of a timing diagram for
the emission column select driver that corresponds to FIGS.
22A-22C.

[0041] FIG. 23A is schematic timing diagram of an emis-
sion pattern according to one embodiment of the disclosure.
[0042] FIG. 23B is a time and row position diagram for an
emission pattern according to one embodiment of the dis-
closure.

[0043] FIG. 23C is an embodiment of a time and row
position diagram for a square of the grid in FIG. 23B.
[0044] FIG. 24 is a timing diagram for emission control
according to one embodiment of the disclosure.

[0045] FIG. 25 is a block diagram for emission control
according to one embodiment of the disclosure.

[0046] FIG. 26 is a pulse diagram for emission control
according to one embodiment of the disclosure.

[0047] FIG. 27 is a display system including microdrivers
that may include an analog pixel circuit or unit cell accord-
ing to one embodiment of the disclosure.

[0048] FIG. 28 is an analog pixel circuit or unit cell of a
microdriver according to one embodiment of the disclosure.
[0049] FIG. 29 is an analog pixel circuit or unit cell of a
microdriver according to one embodiment of the disclosure.
[0050] FIG. 30 is a hybrid digital and analog unit cell of
a microdriver according to one embodiment of the disclo-
sure.

[0051] FIG. 31 is a hybrid digital and analog unit cell of
a microdriver according to one embodiment of the disclo-
sure.

[0052] FIG. 32 is a flow diagram according to one embodi-
ment of the disclosure.
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DETAILED DESCRIPTION

[0053] In various embodiments, description is made with
reference to figures. However, certain embodiments may be
practiced without one or more of these specific details, or in
combination with other known methods and configurations.
In the following description, numerous specific details are
set forth, such as specific configurations, dimensions and
processes, etc., in order to provide a thorough understanding
of the present disclosure. In other instances, well-known
techniques and components have not been described in
particular detail in order to not unnecessarily obscure the
present disclosure. Reference throughout this specification
to “one embodiment,” “an embodiment”, or the like means
that a particular feature, structure, configuration, or charac-
teristic described in connection with the embodiment is
included in at least one embodiment of the disclosure. Thus,
the appearances of the phrase “in one embodiment,” “in an
embodiment”, or the like in various places throughout this
specification are not necessarily referring to the same
embodiment of the disclosure. Furthermore, the particular
features, structures, configurations, or characteristics may be
combined in any suitable manner in one or more embodi-
ments.

[0054] In accordance with some embodiments, a display
panel is described including an arrangement of microdriver
(also referred to as uD or pDriver) chips and micro LEDs
(also referred to as pLEDs). Additionally, methods, systems,
and apparatuses for controlling an emission of a display
panel (e.g., its display elements) are discussed herein. In
particular, methods, systems, and apparatuses are described
for emission control, including grey scale control, that are
particularly applicable to a display panel including an
arrangement of microdriver chips and micro LEDs.

[0055] In an embodiment, a micro LED may be a semi-
conductor-based material having a maximum lateral dimen-
sion of 1 to 300 pm, 1 to 100 pm, 1 to 20 pm, or more
specifically 1 to 10 pm, such as 5 pm. For example, a
microdriver chip may have a maximum lateral dimension of
1 to 300 pm, and may fit within the pixel layout of the micro
LEDs. In accordance with embodiments, the microdriver
chips can replace the switch(s) and storage device(s) for
each display element as commonly employed in a TFT
architecture. The microdriver chips may include digital unit
cells, analog unit cells, or hybrid digital and analog umt
cells. Additionally, MOSFET processing techniques may be
used for fabrication of the microdriver chips on single
crystalline silicon as opposed to TFT processing techniques
on a-S1i or LTPS. In accordance with other embodiments the
microdrivers may represent logic/circuits formed within the
display substrate, for example, within a monocrystalline
silicon substrate, rather than surface mounted chips.
[0056] In one aspect, significant efficiencies may be real-
ized over TFT integration techniques. For example, micro-
driver chips may utilize less real estate of a display substrate
than TFT technology. For example, microdriver chips incor-
porating a digital unit cell can use a digital storage element
(e.g. register) which consumes comparatively less area than
an analog storage capacitor. Where the microdriver chips
include analog components, MOSFET processing tech-
niques on single crystalline silicon can replace thin film
techniques that form larger devices with lower efficiency on
a-Si or LTPS. Microdriver chips may additionally require
less power than TFTs formed using a-Si or LTPS. In other
embodiments, the microdriver logic/circuits may be formed
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within the display substrate, for example, within a monoc-
rystalline silicon substrate using MOSET processing tech-
niques that may provide efficiencies compared to TFT
integration.

[0057] In another aspect, a micro LED display element
may be utilized, e.g., such that the power consumed by the
micro LED is a minor portion of the total power consump-
tion of the display device, for example, from a battery. In
such an aspect, micro LEDs may be highly efficient at light
emission and consume significantly (e.g., orders of magni-
tude) less power at emission compared to other display
elements such as organic light emitting diodes (OLED) and
liquid crystal display (LCD). FIG. 1 is a graphical illustra-
tion of the relationship of external quantum efficiency (EQE)
to operating current for a semiconductor-based micro LED
in accordance with an embodiment. Embodiments are not
limited to the exemplary EQE curves and operating currents
illustrated in FIG. 1, though the illustration shows some
relationships that may be applicable to one or more embodi-
ments. For example, micro LEDs designed for different
color emission may have different characteristic efficiencies.
In the particular embodiment illustrated, the blue and green
emitting micro LEDs have more similar characteristic EQE
curves than the red emitting micro LED. Efficiencies may
depend upon a variety of factors, including materials selec-
tion, fabrication methods, size, shape, etc. Additionally,
maximum efficiency ranges occur at different operating
currents and current densities for different micro LEDs. In
the embodiment illustrated in FIG. 1, blue and green emit-
ting micro LEDs may have a characteristic maximum effi-
ciency range between 0.1 and 20 pA, while red emitting
micro LEDs may have a characteristic maximum efliciency
range between 10 and 200 pA. Furthermore, the current
ranges illustrated in exemplary FIG. 1 may be relatively high
compared to OLED or LCD.

[0058] In another aspect, embodiments describe a digital
display architecture in which short pulses can be supplied
from a constant current source, and at specified levels on the
EQE curves for the color-specific LEDs. For example,
emission pulses widths can be as low as 10 ns without being
sensitive to micro LED pulse slew rates (e.g., there will be
two edges for all grey levels). The minimum pulse width,
e.g. 10 ns, may be much smaller than a line time, e.g. 40 ys.
The number of rows in an emission group may be adjustable
from a single row to the full panel. The number of pulses per
frame may be adjustable from, e.g., 1 to 10. The emission
pulse length may be adjustable from continuous (100% duty
cycle) to 10 ns. The control column may specify which pixel
emits within a row, and the number of column may be
adjustable from a single column to the full panel. In some
embodiments, multiple emission pulses may be supplied
with each data frame. In certain embodiments, grey levels
are achieved by pulse width modulation (PWM) of the
emission pulse to the display elements. In some embodi-
ments including multiple emission pulses per data frame,
one or more pulse widths may be modified to achieve a
specified grey level.

[0059] FIG. 2 is a display system 100 according to one
embodiment of the disclosure. Emission controller 102 may
receive as an input the content to be displayed on (e.g., all
or part of) a display panel 110, e.g., an input signal corre-
sponding to the picture information (e.g., a data frame).
Emission controller may include a circuit (e.g., logic) to
selectively cause a display element to emit (e.g., visible to
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a human eye) light. An emission controller may cause a
storage device(s) (e.g., a capacitor or a data register) for
(e.g., operating) a display element (e.g., of the plurality of
display elements) to receive a data signal (e.g., a signal to
turn a display element off or on). A column driver 104 and/or
row driver 106 may be a component of the emission con-
troller. A column driver 104 may allow the emission con-
troller 102 to communicate with (e.g., control) a column of
display elements. A row driver 106 may allow the emission
controller 102 to communicate with (e.g., control) a row of
display elements. A column driver 104 and a row driver 106
may allow an emission controller 102 to communicate with
(e.g., control) an individual display element or a group of
display elements (e.g., a pixel or subpixel).

[0060] Display panel 110 may include a matrix of pixels.
Each pixel may include multiple subpixels that emit differ-
ent colors of lights. In a red-green-blue (RGB) subpixel
arrangement, each pixel may include three subpixels that
emit red light, green light, and blue light, respectively. It is
to be appreciated that the RGB arrangement is exemplary
and that this disclosure is not so limited. Examples of other
subpixel arrangements that can be utilized include, but are
not limited to, red-green-blue-yellow (RGBY), red-green-
blue-yellow-cyan (RGBYC), or red-green-blue-white
(RGBW), or other subpixel matrix schemes where the pixels
may have different number of subpixels. In an embodiment,
one or more display elements (e.g., LED 101) may connect
to a microdriver (e.g., D 111) that drives (e.g., according to
the emission controller 102) the emission of light from the
one or more display elements. For example, the microdrivers
111 and display elements 101 may be surface mounted on
the display panel 110. Although the depicted microdrivers
include ten display elements, the disclosure is not so limited
and a microdriver may drive one display element or any
plurality of display elements. In an embodiment, display
element (e.g., 101) may be a pixel, for example, with each
pixel including three display element subpixels (e.g., a red,
green, and blue LED).

[0061] In one embodiment, a display driver hardware
circuit (e.g., a hardware emission controller) may include
one or more of: (e.g., row selection) logic to select a number
of rows in an emission group of a display panel, in which the
number of rows is adjustable from a single row to a full
panel of the display panel, (e.g., column selection) logic to
select a number of columns in the emission group of the
display panel, in which the number of columns is adjustable
from a single column to the full panel of the display panel,
and (e.g., emission) logic to select a number of pulses per
data frame to be displayed, in which the number of pulses
per data frame is adjustable from one to a plurality and a
pulse length is adjustable from a continuous duty cycle to a
non-continuous duty cycle. An emission controller may
include hardware, software, firmware, or any combination
thereof. In one embodiment, an emission controller causes a
display refresh of 60 Hz to 240 Hz with four pulses of a
display element (e.g., LED) per video frame.

[0062] FIGS. 3A-3C are generic illustrations for various
manners for controlling emission pulses to a display element
for controlling grey scale, or perceived brightness as viewed
by the human eye, in accordance with embodiments. FIG.
3A s an illustration of amplitude modulation (AM) in which
the current level per pixel sets the grey level, in accordance
with an embodiment. As illustrated, a higher current level
corresponds to a higher brightness, with lower current level
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corresponding to a lower brightness, or dark pixel. In an
embodiment, global pulse width or length can be set at a
constant where amplitude modulation is used to set the grey
level. Referring briefly back to FIG. 1, in an embodiment
utilizing AM, a variable current range may be selected at a
specific current range corresponding to a specified EQE
range of the LED.

[0063] FIG. 3B is an illustration of pulse width modula-
tion (PWM), also referred to as pulse length modulation, in
which the pulse width or length sets the grey level, in
accordance with an embodiment. As illustrated, a higher
pulse width or length corresponds to a higher brightness,
with a narrower pulse corresponding to a lower brightness,
or dark pixel. In an embodiment, global current can be set at
a constant where PWM is used to set the grey level.
Referring briefly back to FIG. 1, in an embodiment utilizing
PWM, a constant current level may be selected at a specific
current corresponding to a specified EQE of the LED.

[0064] In accordance with embodiments utilizing AM,
LEDs are driven in a range of current levels. Where LED
performance drift occurs during the lifetime of the LED, the
LEDs may potentially behave differently at low current
levels later in life, or the EQE may not be optimal (e.g.,
lower on the EQE curve) at the lower current levels. In
accordance with embodiments utilizing PWM, LEDs are
driven with a range of pulse widths, which may potentially
require very small pulse widths to produce the lowest grey
levels. FIG. 3C is an illustration of a hybrid modulation in
accordance with an embodiment in which pulse width may
be modulated to set a coarse grey level, and current level is
modulated to set a fine grey level. As illustrated, a higher
current level and pulse width corresponds to a higher
brightness, with a lower current level and narrower pulse
corresponding to a lower brightness, or dark pixel. In an
embodiment, hybrid modulation is employed for high
dynamic displays, which can require dynamic ranges up to
10°% where deficiencies in relying solely on AM or PWM
may be apparent.

[0065] FIG. 4 is a display system 400 according to one
embodiment of the disclosure. Emission controller 402 may
be a field-programmable gate array (FGPA) integrated cir-
cuit. Depicted emission controller 402 includes a video
timing controller 414, e.g., to provide timing control signals
to the display backplane 412, a (e.g., non-linear) clock
generator 418 which may be controlled by an emission
timing controller 416, and a dimming controller 420. Power
module 415 may power the components of display system
400. Emission controller 402 may receive an input of a data
(e.g., signals) that contains the display (e.g., pixel) data and
provide the data (e.g., signals) to cause the display elements
(e.g., LEDs) of the active area 410 to emit light according to
the display data. In an embodiment, the depicted backplane
412 includes a (e.g., non-linear) pulse width modulation
(PWM) clock routing circuit 406, e.g., to route the clock
signals to the active area 410. Depicted backplane 412
includes a serial in parallel out circuit 404, e.g., to route the
video signals to the active area 410. Depicted backplane 412
includes a scan control circuit 408, e.g., to route the display
data signals to the active area 410. One or more display
elements (e.g., LED 401) may connect to a microdriver (e.g.,
uD 411) that drives (e.g., according to the emission control-
ler 402) the emission of light from the one or more display
elements. Although the depicted microdrivers include ten
display elements, the disclosure is not so limited and a
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microdriver may drive one display element or any plurality
of display elements. Display element (e.g., 401) may be a
pixel, for example, with each pixel including three display
element subpixels (e.g., a red, green, and blue LED).

[0066] FIG. 5 is a display system 500 with multiple
microdrivers (uD) according to one embodiment of the
disclosure. Emission controller 502 may be a field-program-
mable gate array (FGPA) integrated circuit. Depicted emis-
sion controller 502 includes a video timing controller 514,
e.g., to provide timing control signals to the display back-
plane 512, non-linear clock generator 518 which may be
controlled by an emission timing controller 516, and a
dimming controller 520. Depicted non-linear clock genera-
tor 518 includes two look-up tables (LUT), e.g., a red (R)
light emitting element LUT 519R and a green (G) and blue
(B) LUT 519G/B, to provide one non-linear clock signal for
the red light emitting elements and another non-linear clock
signal for the green and blue light emitting elements. Each
pulse from a non-linear clock generator may have the same
amplitude (e.g., height) but be of varying widths (e.g., as a
function of the amount of the time the pulse is active (goes
high)). In one embodiment, each color of light emitting
element (e.g., red, green, and blue) may have its own
non-linear clock signal. Power module 515 may power the
components of display system 500. Emission controller 502
may receive an input of data (e.g., signals) that contains the
display (e.g., pixel) data and provide the data (e.g., signals)
to cause the display elements (e.g., LEDs) of the active area
to emit light according to the display data via the micro-
drivers in active area 510. Depicted backplane 512 includes
a non-linear pulse width modulation (PWM) clock routing
circuit 506, e.g., to route the clock signals to the active area
510. Depicted backplane 512 includes a serial in parallel out
circuit 504, e.g., to route the video signals to the active (e.g.,
display) area 510. Depicted backplane 512 includes a data
clock routing (e.g., scan control) circuit 508, e.g., to route
the display data signals to the active area 510. Data clock
routing (e.g., scan control) circuit 508 may utilize a linear
clock signal, e.g., to gate the display data signals into its
circuitry. This clock signal may be provided by the video
timing controller 514. One or more display elements (e.g,,
LED 501) may connect to a microdriver (e.g., pD 511) that
drives (e.g., according to the emission controller 502) the
emission of light from the one or more display elements.
Although the depicted microdrivers include ten display
elements, the disclosure is not so limited and a microdriver
may drive one display element or any plurality of display
elements. Display element (e.g., 501) may be a pixel, for
example, with each pixel including three display element
subpixels (e.g., a red, green, and blue LED).

[0067] FIG. 61s a close up view illustration of a non-linear
clock generator 618 in accordance with an embodiment. In
the embodiment illustrated in FIG. 6, non-linear clock
generator 618 includes a (e.g. hi-speed) clock 621 that loads
clock data into individual non-linear clock generators 618R,
618G, 618B, with each non-linear clock generator including
one or more corresponding look-up tables (LUT), e.g., a red
(R) light emitting element LUT 619R, a green (G) light
emitting element LUT 619G, and a blue (B) light emitting
element LUT 619B. The look-up tables LUT 619R, LUT
619G, LUT 619B store data for how much longer the clock
621 pulses (e.g., expressed in 200 MHz clock cycles)
become for each grey level. As illustrated, each non-linear
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clock generator 618R, 618G, 618B may provide a separate
non-linear clock pulse signal for each corresponding light
emitting element R, G, B.

[0068] A signal from a gray scale clock may be a series of
(e.g., non-linear) pulses, for example, of varying duration of
time but at the same amplitude. Gray scale clock may allow
gray scale control in the time domain. Each single pulse of
a gray scale clock may non-linearly correspond to different
gray scale levels, e.g., such that each emission pulse
becomes progressively longer for higher gray levels. FIG. 7
is a non-linear time versus gray level diagram for an
exemplary 5 bit counter value (e.g., 32 gray levels) although
a counter may be any size (e.g., with corresponding gray
levels). In one embodiment, different widths of pulses
correspond to the same gray scale levels for respective (e.g.,
different colored) display elements. For example, as shown
in the example in FIG. 6, each non-linear clock generator
619R, 619G, 619B emits separate signal pulses for different
colored display elements. As shown in the example in FIG.
5, in an embodiment the non-linear clock generator 518 may
emit separate signal pulses for the red emitting display
elements, based upon the red LUT 519, and another signal
pulse for both the green and blue emitting display elements,
based upon the green and blue LUT 519G/B. Referring back
to the EQE curves expressed in FIG. 1, this may be possible
due to the similar EQE curves for the green and blue micro
LEDs.

[0069] In the embodiments illustrated and described thus
far with reference to FIGS. 4-6, gamma correction is pet-
formed by the non-linear clock generator(s) on the emission
controller 402, 502, rather than at each micro driver (e.g.,
411, 511). Accordingly, video data (e.g., 8 bit) can be stored
uncorrected on the microdrivers. Performing gamma cor-
rection with the non-linear clock generator(s) may help
minimize the microdriver chip size, facilitating higher den-
sity pixels per inch in the active area, since circuit size and
complexity is not necessary for higher bit logic. Power
reduction may additionally be realized, with less data clock
cycles for loading data, and less grey level clock transitions.
[0070] FIG. 8 is a unit cell 800 of a microdriver according
to one embodiment of the disclosure. FIG. 9 is a microdriver
911 according to one embodiment of the disclosure. In the
following discussion, microdriver 911 may be any of the
microdrivers described herein, (e.g. 111, 411, 511). Micro
driver 911 may include one or more unit cells (e.g., 800). A
microdriver (e.g., 111, 411, 511, 911) may include one or
more components of unit cells (e.g., 800). Depicted unit cell
800 includes a register 830 (e.g., digital data storage device)
to store a data 872 signal corresponding to the emission
to-be-output from the display element (e.g., LED 801). Data
stored in a register may be referred to as digital data, e.g., in
contrast to analog data stored in a capacitor. Data 872 (e.g.,
video) signal may be loaded (e.g., stored) into the register by
any method, for example, by being clocked in according to
a data clock 874. In one embodiment, the data clock 874
signal being active (e.g., goes high) allows data 872 to enter
the register and then the data is latched into the register when
the data clock signal is inactive (e.g., goes low). A signal
(e.g., non-linear) gray scale (e.g., level) clock 880 may
increment a counter 832. Gray scale clock 880 may also
reset the counter to its original value (e.g., zero).

[0071] Unit cell 800 also includes a comparator 834.
Comparator may compare a data signal from the register 830
to a number of pulses from a (e.g., non-linear) gray scale
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clock 880 counted by counter 832 to cause an emission by
display element (e.g., LED 801), e.g., when the data signal
differs from (e.g., or is greater or less than) the number of
pulses from the non-linear gray scale clock. Depicted com-
parator may cause a switch to activate a current source 836
to cause the display element (e.g., LED 801) to illuminate
accordingly. A current source (e.g., adjusted via an input,
such as, but not limited to a reference voltage (Vref) may
provide current to operate a display element (e.g., uLED) at
its optimum current, e.g., for efficiency as described with
regard to FIG. 1. A current source may have its current set
by a control signal, such as a bias voltage setting the current,
use of a (e.g., Vth) compensation pixel circuit, or adjusting
aresistor of a constant current operational amplifier (opamp)
to control the output of the opamp’s current.

[0072] FIG. 9 is a microdriver 911 according to one
embodiment of the disclosure. Microdriver 911 may be
utilized as a microdriver in a display system. Microdriver
911 includes multiple of certain components of a unit cell
800. Although a single counter 932 is depicted, each display
element or each group of (e.g., same or similar colored)
display elements may have its own counter (e.g., and its own
non-linear PWM clock). Other components may function as
in the description of FIG. 8. Emission controller may
provide the (e.g., input) signals in FIG. 9. Display data (e.g,,
data 0 and data 1 in FIG. 9) may be provided by emission
controller, e.g., as sourced from video or other visual con-
tent. Fach current source for a display element(s) or a group
of (e.g., same or similar colored) display elements may
receive a control signal (e.g., from emission controller) and
output a constant current when on. The current of a current
source may be set during manufacture (e.g., once) or it may
be dynamically adjustable (e.g., during use of the display
system). Each pixel (e.g., 938) may have its own micro-
driver. Register 930 may be a vector register, e.g., such that
each element of vector stores the data signal for its particular
display element.

[0073] Referring now to FIG. 10, a block diagram is
provided of a display system 1000 according to one embodi-
ment of the disclosure. Active (e.g., display) area 1010
includes multiple microdrivers (e.g., microdriver 1011 as an
example). A microdriver may selectively illuminate its cor-
responding display element(s) (e.g., LED(s)). Display sys-
tem 1000 may (e.g., via an emission controller, not shown)
include column driver(s) 1004 and/or row driver(s) 1006.
Column drivers 1004 may include individual drivers for
each column Row drivers 1006 may include individual
drivers for each row. In one embodiment, column driver(s):
provide electrostatic discharge (ESD) protection for the
interface signals, e.g., that are exposed to the external world,
provide buffering for the incoming data 872 (e.g., 872
[column number]) and row scan controls (e.g., data clock
874 and emission (gray scale) clock 880); provide emission
column selection signals to turn on and off a column or
columns selectively; and/or perform analog muxing for
emission current read-out. Each column driver may control
one microdriver column (e.g., which may be equivalent to
four display element (e.g. pixel) columns)

[0074] In one embodiment, row driver(s) (e.g., placed
along the left or right edge of the active area 1010): provide
ESD protection for row routings during display element
(e.g., LED) transfer process; for example, based on incom-
ing row scan controls, generate a data clock 874 signal for
each display row, e.g., which may be used as the latching
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clock of incoming data 872 in each microdriver; and/or for
example, based on incoming row scan controls, generate
gray scale clock 880 signal for each display row, e.g., which
may be used for emission control in each microdriver. In an
embodiment, each row driver may control one display
element (e.g. pixel) row.

[0075] In one embodiment, microdriver(s): latch the (e.g.,
pixel) values on the data 872 routing, for example, coming
from column drivers and/or use the data clock 774 signal,
which may come from the row drivers, to count the number
of emission (e.g., gray scale) clock 880 pulses up to the
received pixel value for each subpixel, for example, to
control each display element’s (e.g., LED’s) luminance as a
function of gray code (e.g.. by a PWM method).

[0076] FIG. 11 is a diagram of pixel data distribution 1100
according to one embodiment of the disclosure. Data scan
may be based on the raster scan by using the vertical data
872 signals (e.g., generated by the emission controller
and/or buffered by the column drivers 1104) and the hori-
zontal data clock 874 signals (e.g., generated by the row
drivers 1106 using the scan control signals from the emis-
sion controller). Data 872 signals may contain the (e.g.,
pixel) data signals for the microdrivers (e.g., generated by
the emission controller and/or buffered by column drivers).
Each column driver may provide data for one column of
microdrivers, which may correspond to multiple (e.g.. 4)
columns of display elements (e.g., pixels). Row drivers 706
may generate the data clock 874 for each display row, and
each microdriver may use the incoming data clock 8§74 to
latch the incoming data 872 from the column drivers 704.
Row drivers together may form a shift register to generate
the data clocks 874. The data clock shift register may be
composed of a 1st stage shift register, a 2nd stage latch, and
a 3rd stage clock gating array. The 1st stage may be
controlled by scan shift clock 882 signal (e.g., from row scan
shift register clock) and scan start 884 signal (e.g., row scan
start). Panel clock 886 signal (e.g., from row scan latch
clock) may be used to load the contents of the 1st stage to
the 2nd stage latch.

[0077] FIG. 12 is a block diagram of emission clock row
drivers 1200 according to one embodiment of the disclosure.
Dashed lines show the outlines of individual row drivers in
this embodiment. Depicted row drivers form a shift register
to drive the emission (e.g., gray scale) clock pulses (e.g,,
emission clocks 880) provided to the rows of microdrivers.
See, for example, FIG. 10. Microdrivers may use emission
clock 880 as the basis of PWM pulse generation, e.g., to
produce the required luminance output corresponding to the
digital pixel data. The shift register for emission clock 880
generation may be composed of the 1st stage shift register,
the 2nd stage latch, and the 3rd stage mux array. The st
stage shift register may be driven by emission row start shift
register clock 1202 and emission row start shift register
input 1204. Emission row start latch clock 1206 may latch
the content of the 1st stage to the 2nd stage. In (e.g., default)
operation, 1202, 1204, and 1206 can all operate at the
nominal line rate (e.g., nominal line times roughly 40 ps at
a 60 Hz data refresh rate), but it may also be possible to
operate 1202 and 1204 at (e.g., much) higher speed, e.g., to
allow the loading of arbitrary pattern to the 1st stage in one
line time. S_VST and Mux control (CTL) may be a 3-bit
signal, for example, where the most significant bit (MSB)
controls emission on and off, and the 2 least significant bits
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(LSBs) denote the emission phase (1), e.g., as described in
Table 1 below. The bit marked with an “x” may be either 0
or 1.

TABLE 1

Mux OQutput Truth Table

Mux CTL
(binary) Mux output
0xx 0
100 @0
101 @l
110 @2
11 ©3

[0078] Depicted phase rotator is placed between each row
of the 1st stage shift register, e.g., to simplify the loading of
the 1st stage for the (e.g., typical) usage cases, where each
sticcessive row or each successive block of rows may emit
with a staggered phase from the previous row or the previous
block of rows, respectively. Each row driver may have a
phase rotation control which operates according to Table 2.

TABLE 2

Phase Rotator Operation

Phase Phase rotation Phase rotation
rotator input control = 1 control = 0
0xx 0xx 0xx
100 101 100

101 110 101
110 111 110
111 100 111

[0079] Emission clock 880 output from each row driver
and/or microdriver may have an option (e.g., via phase
rotation control signal) to drive either single-ended or dif-
ferential and/or to compare electromagnetic interference
(EMI) performance, e.g., to minimize the EMI. FIG. 14
illustrates single-ended and differential modes of column
driving for individual column drivers (see, e.g., FIG. 10)
according to one embodiment of the disclosure. Additionally
or alternatively, this may be utilized for individual row
drivers (see, e.g., FIG. 10) in a single-ended or a differential
mode. In one embodiment, each microdriver shall have the
option of inverting the incoming emission clock 880 before
using it for internal logic and/or before relaying to the next
microdriver. By combining the two options, the following 4
clock polarity options in FIGS. 13A-13D may be supported,
e.g., to compare EMI performance. Note that for the single-
ended alternating polarity and the pseudo twisted pair, every
other microdriver (e.g., odd or even columns) may utilize an
inverted, incoming emission clock signal, for example,
including an option to invert the incoming emission clock
signal.

[0080] FIG. 15 is zoomed in view of an emission pulse
controller 1502 according to one embodiment of the disclo-
sure. FIG. 16 is a pulse control circuit 1600 according to one
embodiment of the disclosure. Referring to FIGS. 15-16, a
(e.g., row) emission control may provide control of the start-
and end-time of the emission pulses by using a combination
of shift registers and latches. The depicted (e.g., row) driver
consists of the following components (e.g., one for each
color channel). Start logic: a shift register 1503 with a latch
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1504 may generate a pulse for a group (e.g., rows). The edge
of the pulse may indicate the emission start time for the
display elements (e.g., sub-pixels) within the group (e.g.,
row, such that it does not affect the emission of any other
rows). End logic: similar to the start logic with a shift
register 1505 and a latch 1506, but the rising edge of its
output pulse may signify the end time for the emission pulse
within the group (e.g., rows). Asynchronous JK Latch 1507
may keep track of the state for each group (e.g., row). The
pattern clock in the shift registers, e.g. shift register inputs
1204, may set the number of display elements (e.g., rows)
within one group. The shift register clocks 1202 may shift
the pattern with the line frequency (e.g., about Yo ps), but
the shift frequency could go up to 100 MHz. The select latch
clocks 1206 may specify the exact location of the emission
pulse edges. This signal may have a fine precision (e.g.,
about 10 ns). All 6 of these input signals (per color) may be
generated by the emission controller (e.g., a timing control-
ler (TCON) thereof). The shift registers may be bi-direc-
tional (not shown in drawings), e.g., to provide more flex-
ibility. The red (R), green (G), and blue (B) may include
channels that have individually controllable pulse widths.
Thus the emission control circuitry may thus be multiplied
by three or, multiplied by two when the circuits for green
and blue are grouped together. The above may be used for
row control by an emission controller. Column control by an
emission controller may include a bi-directional shift regis-
ter in which the column pattern is clocked in and moved
serial through, e.g., left to right through column control
drivers 1004 in FIG. 10. This may control which of the
columns are emitting at a certain moment in time.

[0081] FIG. 16 is an emission pulse width modulation
(PWM) control timing diagram according to one embodi-
ment of the disclosure. Each (e.g., unit cell or other grouping
of a) microdriver may utilize a gray level (e.g., emission
(EM)) counter 832, for example, for each color. The emis-
sion counter 832 may be toggled by the emission clock 880
signal (e.g., FIG. 17 illustrating the non-linear nature of that
signal) and reset by emission counter reset 876. For each
display element (e.g., pixel), there may be an emission
PWM control block (e.g., a comparator) to compare the
emission counter value with the stored (e.g., pixel) data to
turn on the display element (e.g., pLED) emission for a
specified number of emission clock periods. In one embodi-
ment, the emission counter may count (e.g., from 0 to 255)
in increments of one and produce a corresponding emission
PWM signal (pulse), for example, as shown in FIG. 17. See
also FIGS. 7-8 and the associated text. Microdriver may turn
on and off the emission column by column. This column
and/or row select feature may be used to implement various
emission patterns, not only in row-by-row fashion (e.g.,
controlled by the emission clock) but also in column-by-
column fashion, or a combination of row(s) and column(s),
e.g., to control individual display elements.

[0082] FIG. 18 is a block diagram for emission control
1800 according to one embodiment of the disclosure. Emis-
sion control 1800 may be part of a unit cell and/or emission
controller. Depicted circuit (e.g., unit cell and/or micro-
driver) includes a (e.g., hardware) counter 1832 with a gray
scale clock input (e.g., as emission clock 1880 signal) for
each display element 1801 (e.g., a group of display ele-
ments) to count the incoming emission clock edges to
generate the pulse-width modulation (PWM) signal to con-
trol the luminance of each display element 1801 (e.g.,
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ULED). Depicted circuit also includes a reset input (e.g., as
emission counter reset 1876 signal) on the counter 1832,
e.g., to reset the counter to zero. Gray scale clock counter’s
value may be routed to other display elements (e.g., pixels).
The data signal (e.g., for the data to be displayed) may be
stored in a register (e.g., pixel data latch 1830) and com-
pared with a comparator 1834 against the number of pulses
stored in the emission counter 1832 to cause an output of
light until the comparator indicates the emission has reached
the value indicated by the data signal. There may be different
modes of operation, e.g., a circuit capable of operating in
either of two modes. Mode 0 may include the emission
counter counting from an initial value (e.g., 0) to a maxi-
mum value (e.g., 255) to generate a (e.g., 8-bit) PWM
pattern in each (e.g., 4.17 ms) period. Mode 0 is illustrated
and described with regard to FIGS. 17-18. Mode 1 is
described below in reference to FIGS. 24-26. When emis-
sion counter reset 1876 is asserted, the emission counter
1832 may be reset to 0 and the emission for each connected
display element (e.g., LED) turned off. The emission counter
may increment on each incoming emission clock 1880 rising
edge. The emission for each connected display element (e.g,,
LED) may starts at the first emission clock after emission
counter reset and may finish (e.g., turn off) when the
emission counter matches the data (e.g., pixel) value. A
hardware emission controller may control the non-uniform
cycle time of the emission clock 1880, e.g., so that the
resulting PWM pattern matches the desired gray-level ver-
sus luminance curve.

[0083] Instead of a comparator connecting to a current
source (e.g., as in FIG. 8), comparator may connect to a
finite state machine (FSM), e.g., to further control the
output. FSM may take other inputs, for example, an output
select input, e.g., as described below in reference to FIGS.
19-21.

[0084] In certain embodiments, an emission controller
may utilize an additional output select signal to further
control the emission of each or a group of display elements
(e.g., LEDs). FIG. 19 is a display system 1900 according to
one embodiment of the disclosure and includes an output
select module 1915 to provide an output select signal. The
output select module 1915 and routing to a group of display
elements may be referred to as a timing offset circuit. Qutput
select module may provide an output select signal to each,
all, or a group less than all of the display elements (e.g., a
pixel). Depicted output select module 1915 may provide an
output select signal to each, all, or a group of less than all of
the display elements (e.g., a pixel) through a row driver (e.g,,
106 in FIG. 2 or 1906 in FIG. 19) and/or a column driver
(e.g., 104 in FIG. 2 or 1904 in FIG. 19). In one embodiment,
an emission controller may connect directly to a display
element or microdriver.

[0085] An output select feature may be used to achieve a
desired (e.g., low) emission duty cycle, e.g., without requit-
ing (e.g., very) relatively short emission clock cycles, as
explained in the following. For example, in an embodiment
with a 240 Hz emission cycle with 1% emission duty, a 240
Hz emission cycle as a sub-frame and a 60 Hz cycle as a
frame, in each of the 4 sub-frames in a 60 Hz frame the
emission controller may turn on only one out of every 4
columns. After 4 sub-frames, every display element (e.g.,
pixel) in this example may have emitted exactly once for
41.6 ps. Without the output select feature, all pixels may
have emitted for each pulse (e.g., 4 times) in each frame,
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e.g., each time for 10.4 us. Note that this emission time may
be for the highest gray level, and the emission time for the
lowest gray level may be (e.g., much) shorter due to the
resistance and capacitance (RC) time constant of the offset
timing circuit.

[0086] FIG. 20 is a unit cell 2000 of a microdriver
according to one embodiment of the disclosure. FIG. 20 may
operate similarly to the unit cell in FIG. 8, however the
output of the comparator may not go directly to the display
element (e.g., LED 2001). Thus instead of depicted com-
parator causing a switch to activate a current source 836 to
cause the display element (e.g., LED 2001) to illuminate
with no further input(s), a circuit (depicted as an AND gate
833) may only allow the display element to illuminate when
both the comparator and an output select signal are high
(e.g., 1 in binary). Although an AND gate is depicted, it may
be replaced with a FSM, e.g., including “output select” or
other signals as inputs for the states.

[0087] FIG. 21 is a microdriver 2111 including multiple
unit cells (e.g., 2000) according to one embodiment of the
disclosure. FIG. 21 depicts an output select signal being
shared by multiple display elements (e.g., LED 2001). In
one embodiment, each unit cell or display element may
receive its own (e.g., independent) output select signal from
an emission controller.

[0088] In certain embodiments, a rolling emission pattern
may include (e.g., significant) empty space (e.g., more time
not emitting than emitting), for example, when the emission
pulse length is relatively short (e.g., less than 25% of the
maximum pulse length). In certain embodiments, this empty
space (e.g., no emissions) may cause motion artifacts. In one
embodiment, the empty space in a position diagram may be
reduced by increasing (e.g., doubling) the number of pulses
within a row, as shown in FIG. 22A where an emission of
four possible pulses per data frame is increased to eight
possible pulses per data frame. In certain embodiments,
emitting each display element (e.g., pLED) at twice the
frequency may cause a pulse width of each pulse to be
reduced by a factor of two to achieve the same amount of
total light output which may put additional constraints on the
LSB pulse size in the (e.g., digital) architecture. By adding
an additional output selection (e.g., column selection) to the
emission control, it may increase the apparent number of
pulses without changing the frequency per display element
(e.g., LLED). For example, the emission controller may use
the column selection (e.g., and/or output selection in FIGS.
20-21) signal to alternate the emission of the odd and even
columns. An example is illustrated in FIGS. 22A-22D
described in further detail below.

[0089] FIG. 22A is a time and row position diagram for an
emission pattern according to one embodiment of the dis-
closure. The white boxes may indicate even columns and the
dark boxes may indicate odd columns FIG. 22B is an
embodiment of a time and column position diagram for the
emission pattern in FIG. 22A. FIG. 22C is a diagram of an
embodiment of the progression of emitting pixels (e.g.,
indicated by black) that corresponds to the timing diagrams
in FIGS. 22A-22B. Using an example group of pixels, this
diagram shows the progression of the emitting pixels (indi-
cated by black here) that correspond to the timing diagrams
in FIGS. 22A-22B with the moments in time (A, B,C, D, E,
F) also indicated in FIG. 22A. FIG. 22D is an embodiment
of a timing diagram for the emission column select driver
that corresponds to FIGS. 22A-22C where alternating odd

Jun. 28,2018

and even column are being selected. The example above
utilizes column selection that differentiates between odd and
even columns, however an emission controller may extend
this to higher multiplication factors.

[0090] The time-position diagram in FIGS. 22A-22B may
be a grid of squares. Within each square there may be a (e.g.,
small) rolling emission pattern. By increasing the density of
the square grid, an emission controller may achieve a higher
multiplication factor. An example of a grid is shown in FIG.
23B. Additionally, the row versus time selection within each
square may be that in FIG. 23C. This column selection may
be achieved by clocking in a lower frequency start pulse
(e.g., shift register input 1204), for example., as compared to
the diagram in FIG. 22D.

[0091] FIG. 23A is schematic timing diagram 2300 of an
emission pattern according to one embodiment of the dis-
closure where each row starts emitting at different times. A
group of columns may begin emitting at different times, e.g,,
every 2%, 37 4™ (e.g., as depicted in FIG. 23A) 5th, 67, 7%,
8% 9% 107, 15%, 207, etc., column may begin emitting at
the same time. FI1G. 23B is a time and row position diagram
for an emission pattern according to one embodiment of the
disclosure with four different column start times per data
frame. FIG. 23C is an embodiment of a time and row
position diagram for a square of the grid in FIG. 23B.
Emission controller may assert output select signal to cause
(e.g., adjacent) display elements to begin emitting light at
different times.

[0092] FIG. 24 is a timing diagram for emission control
according to one embodiment of the disclosure, e.g., when
operating in Mode 1. FIG. 25 is a block diagram for
emission control (Mode 1) according to one embodiment of
the disclosure. FIG. 26 is a pulse diagram for emission
control (Mode 1) according to one embodiment of the
disclosure. In one embodiment, instead of dividing the total
pulse length (e.g., for a pulse less than its maximum length)
for a data frame equally between multiple pulses, an emis-
sion controller may instead only increment the length (e.g,,
in time) of one pulse of the multiple pulse sequence for each
suiccessive increase in gray level. For example, in reference
to FIGS. 24 and 26, an emission controller may only
increase the length (e.g., in time) of one pulse (e.g., not the
immediately previous pulse increased) of multiple pulses
that display a single data frame for each successive increase
in gray level. Thus, gray level may be modulated by increas-
ing a pulse length of less than all of the multiple pulses in
a data frame. In one embodiment, the emission controller
(e.g., via a FSM) may increment the length (e.g., in time) of
the next (or previous) pulse of a multiple pulse sequence that
displays a single data frame for each successive increase in
gray level (e.g., such that the increases repeatedly cycle
through the pulses). In one embodiment, the emission con-
troller (e.g., via a FSM) may increment the length (e.g., in
time) of non-adjacent pulses for each successive increase in
gray level (e.g., such that the increases cycle through the
pulses). The other previous (e.g., non-zero) pulse lengths
may retain their value for the successive increases in gray
level, for example, until being reset.

[0093] For example, in reference to FIG. 24, there are four
possible pulses for each data frame. At a gray scale (e.g.,
pulse length) value of 1, the length of the fourth pulse is
changed from zero to a non-zero value. At a gray scale (e.g.,
pulse length) value of 2, the length of the second pulse is
changed from zero to a non-zero value and the length of the
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fourth pulse is left at the previous non-zero value. At a gray
scale (e.g., pulse length) value of 3, the length of the third
pulse is changed from zero to a non-zero value and the
lengths of the second pulse and the fourth pulse are left at the
previous non-zero value. At a gray scale (e.g., pulse length)
value of 4, the length of the first pulse is changed from zero
to a non-zero value and the lengths of the second pulse, third
pulse, and the fourth pulse are left at the previous non-zero
value. This pattern may repeat, e.g., until the maximum gray
scale level is achieved. The embodiment in FIG. 26 is
similar to that in FIG. 24, however pulse 1 is the only pulse
changed (e.g., increased) at an increment from sum zero to
sum 0.016 (e.g., example numbetrs), pulse 3 is the only pulse
changed at the next successive gray scale increase, pulse 2
is the only pulse changed after that successive gray scale
increase, pulse 4 is the only pulse changed after that suc-
cessive gray scale increase, etc.

[0094] FIG. 25 is a block diagram 2500 for emission
control according to one embodiment of the disclosure.
Emission control may be part of a unit cell and/or emission
controller. Depicted circuit (e.g., unit cell and/or micro-
driver) includes a (e.g., hardware) counter 2532 with a gray
scale clock input (e.g., as emission clock 880 signal) for
each display element (e.g., a group of display elements) to
count the incoming emission clock edges to generate the
pulse-width modulation (PWM) signal to control the lumi-
nance of each display element (e.g., WLED). Depicted circuit
also includes a reset input (e.g., as emission counter reset
876 signal) on the counter 2532, e.g., to reset the counter to
zero. Gray scale clock counter value may be routed to other
display elements (e.g., pixels). The data signal (e.g., for the
data to be displayed) may be stored in a register (e.g., pixel
data latch 2530) and compared with a comparator 2534
against the number of pulses stored in the emission counter
2532 to cause an output of light until the comparator
indicated the emission has reached the value indicated by the
data signal. There may be different modes of operation, e.g.,
a circuit capable of operating in either of two modes. Mode
1 may include the emission counter counting from an initial
value (e.g., 0) to a maximum counter value (e.g., 64) to
generate a (e.g., 6-bit, less than the bit pattern in Mode 0)
PWM pattern in each (e.g., 4.17 ms) period and greater (e.g.,
8-bit) precision than the counter is achieved by the temporal
averaging in the human visual system. In Mode 1, the EM
counter may be reset (e.g., by emission counter reset 876)
and incremented on each emission clock 880 edge, e.g,
similar to Mode 0. But the counter may count to a lower
maximum value than in Mode 0 (e.g., from 0 to 64),
generating fewer bits (e.g., only 6-bit) luminance in each
(e.g., 4.17 ms) period. The emission may be turned on and
off based on the comparison with this (e.g., 6-bit) emission
counter and the data (e.g., pixel) value, but this data (e.g.,
pixel) value may be the (e.g., 6) most significant bits (MSBs)
of a larger (e.g., 8-bit pixel) value plus 1 or 0, for example,
based on the 2 MSBs of the emission counter §32 and the 2
LSBs of the 8-bit pixel value. The end result in this embodi-
ment is a temporal dithering of 6-bit luminance to present an
apparent 8-bit luminance control. Dither phase offset may be
a (e.g., 2-bit) control that can adjust the phase of this
temporal dithering (e.g., per display element or group of
display elements). In one embodiment, this temporal dith-
ering may avoid having every pixel emitting with the same
timing causing a whole-screen flicker.
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[0095] Up until this point, the display architectures,
including unit cells, have been described as digital. How-
ever, all embodiments are not limited to digital circuits, and
analog circuits may be used in some embodiments. FIG. 27
is adisplay system 2700 that may implement an analog pixel
circuit, or unit cell according to one embodiment of the
disclosure. Exemplary unit cells 2811 and 2911 are illus-
trated in FIGS. 28 and 29, respectively. Active area 2710
may include one or more display elements (e.g., LED 2701)
which may connect to one or more microdrivers (e.g., uD
2711) that drive the emission of light from the one or more
display elements. Although the depicted microdrivers
include ten display elements, the disclosure is not so limited
and a microdriver may drive one display element or any
plurality of display elements. Display element (e.g., 2701)
may be a pixel, for example, with each pixel including three
display element subpixels (e.g., a red, green, and blue LED).
Serial In Parallel Out module 2704 may take (e.g., a stream)
of serial digital video data and output it as parallel video data
to the Digital to Analog converter 2705 (DAC) which may
convert it to analog voltage level(s), e.g., for each column.
Scan control module 2706 may select a SCAN row signal
(e.g., one at the time) to sample the analog voltage produced
by the DAC 2705. Emission control (e.g., emission row
control 2708 and emission column control 2709) may select
which display elements (e.g., sub-pixels) are emitting light
at a given moment in time. Readout control (e.g., readout
row select 2707 and readout column select 2713) may select
which display element (e.g., single sub-pixel) is connected
to the external readout pin, e.g., to measure the voltage
and/or current thereof. In one embodiment, readout row
select 2707 is based on a basic shift register in which only
one row is active at a given time. For exaniple, the READ
switch may be closed for all display elements (e.g., pixels)
in the selected row to create a connection between the
display element (e.g., pixel) and the sense signal column.
The sense column may carry the signal to the readout
column select 2713 (e.g., a MUX with a shift register which
selects only one sense column at a given time). The selected
sense column may be routed to an output pin, depicted in
FIG. 27 as being connected to a measurement unit 2715,
e.g., a source measurement unit (SMU). An analog output
may be current and/or voltage.

[0096] The analog pixel circuits, or unit cells 2811 and
2911 are merely examples, and other (e.g., analog) pixel
circuits may be utilized. Referring to FIG. 28, the 6 tran-
sistor (6T) and 1 storage capacitor (1C) may include Cst:
storage capacitor for holding the data voltage, T1: current
driving transistor, T2: switch for sample and hold, T3:
switch for sense column line connection, T4: switch (row)
for turning the emission on and off, T5: switch (column) for
turning the emission on and off, and T6: switch (column) for
selecting sense column. In one embodiment, T6 may be part
of the readout column select 2713. In one embodiment, the
digital signals are SCAN: generated by row driver (e.g., to
sample Vdata), READ: generated by row driver (e.g., to
connect a pixel circuit to sense column line), EM-ROW:
generated by row driver (e.g., to emit light if EM-COL is
also active), and EM-COL: generated by column driver
(e.g., to emit light if EM-ROW is also active). In one
embodiment, the analog signals are Vdata (input): analog
data to be sampled and which sets the gate voltage of the
current driving transistor T1, Isense (output): when the
read-out switch T3 and switches T5 and T6 are closed and
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the emission switch T4 is open, the current from T1 may be
flowing through the sense column line and may be measured
outside the chip, and Vsense (output): when the read-out
switch T3 and switches T5 and T6 are closed and both
emission switches are closed, the current from T1 may flow
through the display element (e.g., pLED) and the voltage
level on the display element (e.g., uLED anode, minus
voltage drop of T4 and T5) may be measured from the sense
column line.

[0097] In one embodiment, a display driver hardware
circuit (e.g., a hardware emission controller 2702 and/or
other components) may include one or more of: row selec-
tion logic (e.g., 2707 and/or 2708) to select a number of rows
in an emission group of a display panel, wherein the number
of rows is adjustable from a single row to a full panel of the
display panel, column selection logic (e.g., 2709 and/or
2713) to select a number of columns in the emission group
of the display panel, wherein the number of columns is
adjustable from a single column to the full panel of the
display panel, and emission logic (e.g., 2702) to select a
number of pulses per data frame to be displayed, wherein the
number of pulses per data frame is adjustable from one to a
plurality and a pulse length is adjustable from a continuous
duty cycle to a non-continuous duty cycle.

[0098] Referring briefly back to FIG. 3A, the unit cells
illustrated and described with regard to FIGS. 28-29 may be
used for amplitude modulation (AM) of the display elements
(e.g., pixels), in which modulation of the pulse current level
per pixel sets the grey level. Now referring briefly back to
FIG. 3B, the unit cell illustrated and described with regard
to FIG. 8 may be used for pulse width modulation (PWM)
of the display elements (e.g., pixels), in which modulation of
the pulse width per pixel sets the grey level. Referring now
to FIG. 3C, in some embodiments a hybrid unit cell may be
used for hybrid modulation in which pulse width control per
pixel sets the coarse grey level, and current level per pixel
sets the fine grey level.

[0099] FIG. 30 is a hybrid digital and analog unit cell 3000
of a microdriver according to one embodiment of the
disclosure. The unit cell 3000 in FIG. 30 includes an analog
current source controlled by an analog memory cell (e.g., the
storage capacitor Cs). In this embodiment, the pulse width
selection may be controlled by a digital memory cell (e.g.
register 3034), for example, similar to as in FIG. 8. The
current level from a (e.g., analog) current source may be
controlled to be a variable (e.g., in use in a display system)
current source. Other combinations are possible, for
example, both the current level and pulse width may be
controlled by digital memory, e.g., including a DAC to
convert the digital value to a current level.

[0100] There are also other type of hybrid addressing
scheme architectures that may not utilize and require
memory within the unit cell, e.g., they may utilize data
loading events. FIG. 31 is a hybrid digital and analog umt
cell 3100 of a microdriver according to one embodiment of
the disclosure with a bitplane style of driving, however the
intensity of the light emission may not be limited to being
only on or off and may be modulation within a bitplane by
adjusting the current level. In one embodiment, there are
multiple (e.g. 3) pulse widths. Data may be written to the
pixel to tell what intensity the display element (e.g., LED)
should have during that emission time. Once the data is
loaded for all the rows, a global emission may be started by
turning on the bitplane emission signal within the unit cells.
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After that emission pulse, new data may be loaded for the
next emission pulse width. This is merely one scheme for an
emission controller, one non-limited example is that instead
of waiting to start emission after all rows have been loaded
with new data, one can start the emission in segments. This
may be more time efficient (e.g., less dead time) and use less
global peak current because a rolling emission pattern is
used.

[0101] FIG. 32 is a flow diagram 3200 according to one
embodiment. Depicted flow diagram 3200 includes selecting
a number of rows in an emission group of a display panel
with row selection logic, with the number of rows being
adjustable from a single row to a full panel of the display
panel 3202, selecting a number of columns in the emission
group of the display panel with column selection logic, with
the number of columns being adjustable from a single
column to the full panel of the display panel 3204, and
selecting a number of pulses per data frame to be displayed
with emission logic, with the number of pulses per data
frame being adjustable from one to a plurality and a pulse
length is adjustable from a continuous duty cycle to a
non-continuous duty cycle 3206. In other embodiments, a
flow diagram may include any of the disclosure herein.
[0102] The term “on” used in connection with a device
may generally refer to an activated state of the device, and
the term “off” used in this connection may refers to a
deactivated state of the device. The term “on” used in
connection with a signal received by a device may generally
refer to a signal that activates the device, and the term “off”
used in this connection may generally refer to a signal that
deactivates the device. A device may be activated by a high
voltage or a low voltage, depending on the underlying
principles implementing the device.

[0103] Adisplay system may include a receiver to receive
display data from outside of the display system. The receiver
may be configured to receive data wirelessly, by a wire
connection, by an optical interconnect, or any other connec-
tion. The receiver may receive display data from a processor
via an interface controller. In one embodiment, the processor
may be a graphics processing unit (GPU), a general-purpose
processor having a GPU located therein, and/or a general-
purpose processor with graphics processing capabilities. The
display data may be generated in real time by a processor
executing one or more instructions in a software program, or
retrieved from a system memory. A display system may have
any refresh rate, e.g., 50 Hz, 60 Hz, 100 Hz, 120 Hz, 200 Hz,
or 240 Hz.

[0104] Depending on its applications, a display system
may include other components. These other components
include, but are not limited to, memory, a touch-screen
controller, and a battery. In various implementations, the
display system may be a television, tablet, phone, laptop,
computer monitor, automotive heads-up display, automotive
navigation display, kiosk, digital camera, handheld game
console, media display, ebook display, or large area signage
display.

[0105] In utilizing the various embodiments of this dis-
closure, it would become apparent to one skilled in the art
that combinations or variations of the above embodiments
are possible for controlling emission of a display panel.
Although the present disclosure has been described in lan-
guage specific to structural features and/or methodological
acts, it is to be understood that the disclosure defined in the
appended claims is not necessarily limited to the specific



US 2018/0182279 Al

features or acts described. The specific features and acts
disclosed are instead to be understood as particularly grace-
ful implementations of the claimed disclosure useful for
illustrating the present disclosure.

What is claimed is:

1-39. (canceled)

40. A display driver hardware circuit comprising:

a row selection logic to select a number of rows in an

emission group of a display panel;

a column selection logic to select a number of columns in

the emission group of the display; and

an emission logic to select a number of pulses per data

frame to be displayed, wherein the number of pulses
per data frame to be displayed is a plurality of pulses
and the emission logic is to increase a pulse length of
less than all of the plurality of pulses for each succes-
sive gray level.

41. The display driver hardware circuit of claim 40,
wherein the emission logic comprises a non-linear gray scale
clock.

42. The display driver hardware circuit of claim 41,
further comprising a plurality of driver chips coupled with
the emission logic, each driver chip comprising:

a counter to store a number of pulses of the non-linear

gray scale clock;

a plurality of unit circuits each comprising:

a data register to store a data signal; and

a comparator to compare the data signal from the data
register to the number of pulses to cause an emission
by a display element when the data signal differs
from the number of pulses.

43. The display driver hardware circuit of claim 42,
wherein each unit circuit comprises:

a plurality of data registers to store a plurality of data

signals; and

a plurality of comparators to compare a corresponding
data signal from a corresponding data register to the
number of pulses to cause a corresponding emission
by a corresponding display element when the corre-
sponding data signal differs from the number of
pulses.

44. The display driver hardware circuit of claim 44,
wherein the plurality of display elements are within a row of
a display panel.

45. The display driver hardware circuit of claim 41,
further comprising a plurality of driver chips coupled with
the emission logic, each driver chip comprising:

a counter to store a number of pulses of the non-linear

gray scale clock; and

a plurality of unit circuits each comprising:

a data register to store a data signal; and

a comparator to compare the data signal from the data
register to the number of pulses to cause an emission
by a display element when the data signal differs
from the number of pulses.
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46. The display driver hardware circuit of claim 45,
wherein each successive gray level is to increase a pulse
length of only one pulse of the plurality of pulses.

47. The display driver hardware circuit of claim 45,
wherein the plurality of pulses are at a same amplitude.

48. The display driver hardware circuit of claim 45,
wherein the plurality of pulses are at least three pulses.

49. The display driver hardware circuit of claim 45,
comprising:

an array of micro driver chips; and

an array of micro LEDs electrically connected to the array

of micro driver chips.

50. The display system of claim 49, wherein each micro
driver chip controls a plurality of pixels.

51. The display system of claim 50, wherein the non-
linear gray scale clock comprises a plurality of non-linear
gray scale clocks.

52. The display system of claim 51, wherein the plurality
of non-linear gray scale clocks comprises a first non-linear
gray scale clock to provide a non-linear clock pulse signal
for a first color of emitting micro LEDs.

53. The display system of claim 52, further comprising a
second non-linear gray scale clock to provide a non-linear
clock pulse signal for a second color of emitting micro
LEDs, and a third non-linear gray scale clock to provide a
non-linear clock pulse signal for a third color of emitting
micro LEDs.

54. The display system of claim 52, further comprising a
second non-linear gray scale clock generator to provide a
non-linear clock pulse signal for both a second color and a
third color of emitting micro LEDs.

55. A method to drive a display panel comprising:

counting a number of pulses of a gray scale clock;

storing a data signal in a data register; and

comparing the data signal from the data register to the

number of pulses to cause an emission by a display
element of the display panel when the data signal
differs from the number of pulses, wherein the emission
includes multiple pulses for each data frame to be
displayed and gray level is modulated by increasing a
pulse length of less than all of the multiple pulses in a
data frame.

56. The method of claim 55, wherein the counting com-
prises counting the number of pulses of a non-linear gray
scale clock.

57. The method of claim 55, wherein each successive gray
level is to increase a pulse length of only one pulse of the
multiple pulses.

58. The method of claim 55, wherein the multiple pulses
are at a same amplitude.

59. The method of claim 55, wherein the multiple pulses
are at least three pulses.

* #* * #* #®



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

AT ERERNE R EFHRENS E

US20180182279A1 NI (»&E)B

US15/576233

FERNT

al

FERRQTF.

all

FERANF.

al

patsnap

2018-06-28

2016-05-27

[#R]REAA SAKARIYA KAPIL V
NAUTA TORE
BAE HOPIL
JEN HENRY C
KBAA SAKARIYA, KAPIL V.
NAUTA, TORE
BAE, HOPIL
JEN, HENRY C.
IPCH %S G09G3/20 G09G3/32
CPCHZES G09G3/2022 G09G3/32 G09G3/2014 G09G3/2018 G09G3/2081 G09G2300/0804 G09G2300/0857
G09G2300/0861 G09G2310/027 G09G2310/0272 G09G2310/0291 G09G2310/08 G09G2320/0276
G09G2320/0295
LN 62/171928 2015-06-05 US
SNEBEEE Espacenet USPTO
FE(R) "’\”\/_‘ 51( 502
BREHETEREFOTENRE. - REpld  erunae [ e
PR AT EEE , ATREE RERNAKATRNSANT | B — s
ARTNE FERNEANTRESEAER  FEBAT AR REE 0 L0 | 7
WEKATNSIIINEE , LFHINMBTNEANFIARRE RER ooy 00 JMR;J ST |
WEAER , #EESEEATRES MNUEMN S R EATR , s |oac [T T T1

HA MR BT R AT —MNEBRZA |, H BT KETMESE
THEEHRBEEDIEES TERER,

516 EMISSION
TCON

Vref-R

Vref-G

ﬂ DIMMING |
520" conTROL
TooN

Vigh-B

ONILNOY ¥20TD WMd TN

POWER

LN

515

506
SOFTPLANE

ONILNOY %2070 VAVa

47

s
=4


https://share-analytics.zhihuiya.com/view/7910cc20-0e49-4476-827e-1593a3f4912a
https://worldwide.espacenet.com/patent/search/family/056133074/publication/US2018182279A1?q=US2018182279A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180182279%22.PGNR.&OS=DN/20180182279&RS=DN/20180182279

