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(54) HIGH SPEED IMAGE REFRESH LIGHT EMITTING DIODE SYSTEM

(67)  ALED controller for an LED pixel array includes
a serial interface to an external data bus, along with an
address generator connected to the serial interface and
the LED pixel array. An image frame buffer is connected
to the interface to receive image data and further con-
nected to the address generator to receive an image
frame buffer address. A command and control module is
connected to the serial interface and configured to modify

image frame buffer output signals. A calibration data stor-
age module is connected to the command and control
module to store calibration data related to pixel voltage
response in the LED pixel array and enable modification
of voltage provided by the dynamic power supply at least
in part based on the image presented by the LED pixel
array.
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Description
TECHNICAL FIELD OF THE DISCLOSURE

[0001] The present disclosure relates generally to a
microcontroller with external data image inputs that is
able to support an addressable light emitting diode (LED)
pixel array at high speed image refresh speeds.

BACKGROUND

[0002] While pixel arrays of LEDs with supporting com-
plementary metal oxide semiconductor (CMOS) circuitry
have been used, practical implementations suitable for
commercial use can face severe manufacture, power,
and data management problems. Individual lightintensity
of thousands of emitting pixels may need to be controlled
at refresh rates of 30-60 Hz. High data refresh rates are
needed for many applications, and systems that support
a variety of calibration, testing, and control methodolo-
gies are needed.

SUMMARY

[0003] Herein disclosed is a light emitting diode (LED)
system. For example, the LED system may include a
controller to be utilized for driving an LED pixel array,
where the controller may refresh images to be produced
by the LED pixel array at frequencies greater than 30
Hertz (Hz).

[0004] Inoneembodiment, a LED controller foran LED
pixel array includes an interface to an external data bus
and a connection to adynamic power supply for providing
power to an LED pixel array. An image frame buffer is
connected to the interface to receive image data con-
nected to the interface to receive image data and provide
it to the LED pixel array. A command and control module
is connected to the serial interface and configured to
modify image frame buffer output signals. A calibration
data storage module is connected to the command and
control module to store calibration data related to pixel
voltage response in the LED pixel array and enable mod-
ification of voltage provided by the dynamic power supply
atleast in part based on the image presented by the LED
pixel array.

[0005] In one embodiment, a standby image buffer is
connected to the image frame buffer to hold a default
image. In another embodiment a pulse width modulator
is connected between the image frame buffer and the
LED pixel array.

[0006] In some embodiments, the image frame buffer
canrefresh held images at 60Hz or greater speed. Image
refresh data can be provided externally over a serial in-
terface.

[0007] In one embodiment, the command and control
module is connected to an analog-to-digital converter
(ADC) that receives temperature data. The command
and control module can be connected to an ADC that
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receives V; data. In some embodiments, the command
and control module can be connected to a digital-to-an-
alog converter (DAC) that receives V¢ data.

[0008] The command and control module can be con-
nected to a second interface providing external control
signals. In another embodiment, the command and con-
trol module includes a bypass line connected to the LED
pixel array to allow individual pixel addressing.

[0009] Insome embodiments, theimages in the image
buffer can be either partially or differentially refreshed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] To provide a more complete understanding of
the present disclosure and features and advantages
thereof, reference is made to the following description,
taken in conjunction with the accompanying figures,
wherein like reference numerals represent like parts, in
which:

FIG. 1illustrates a block diagram of an example com-
plementary metal oxide semiconductor (CMOS)
backplane that may be utilized for driving a light emit-
ting pixel array, according to various embodiments;
FIG. 2 illustrates an example pixel driver, according
to various embodiments;

FIG. 3 illustrates an example fault detection circuit,
according to various embodiments;

FIG. 4 illustrates one embodiment of a pixel block
usable in an active matrix pixel array system;

FIG. 6illustrates an alternative embodiment of a pixel
block usable in an active matrix pixel array system;
FIG. 7 is a vehicle headlamp system for controlling
an active headlamp;

FIG. 8 is a schematic illustration of one embodiment
of an active headlamp controller;

FIG. 9 is anillustration of a microcontroller assembly
for an LED pixel array;

FIG. 10A illustrates a first portion of an alternative
microcontroller assembly for an LED pixel array;
FIG. 10B illustrates a second portion of the alterna-
tive microcontroller assembly for the LED pixel array
of FIG. 10A;

FIG. 11A illustrates a first portion of digital function-
ality of a microcontroller assembly for an LED pixel
array;

FIG. 11B illustrates a second portion of the digital
functionality of the microcontroller assembly for the
LED pixel array of FIG. 11A;

FIG. 12A illustrates a first representative PCB layer;
FIG. 12B illustrates a second representative PCB
layer;

FIG. 12C illustrates a third representative PCB layer;
FIG. 12D illustrates a fourth representative PCB lay-
er;

FIG. 13Allustrates a first representative routing lay-
out;

FIG. 13B illustrates a second representative routing



3 EP 3913 611 A1 4

layout;

FIG. 13Cillustrates a third representative routing lay-
out;

FIG. 13D illustrates a fourth representative routing
layout;

FIG. 14 illustrates an example system, according to
some embodiments of the present disclosure;

FIG. 15 illustrates an example lighting system, ac-
cording to some embodiments of the present disclo-
sure; and

FIG. 16 illustrates an example hardware arrange-
ment forimplementing the system of Fig. 14, accord-
ing to some embodiments of the present disclosure.

DETAILED DESCRIPTION

[0011] Light emitting pixel arrays may support applica-
tions that benefit from fine-grained intensity, spatial, and
temporal control of light distribution. This may include,
but is not limited to, precise spatial patterning of emitted
light from pixel blocks or individual pixels. Depending on
the application, emitted light may be spectrally distinct,
adaptive over time, and/or environmentally responsive.
The light emitting pixel arrays may provide pre-pro-
grammed light distribution in various intensity, spatial, or
temporal patterns. The emitted light may be based at
least in part on received sensor data and may be used
for optical wireless communications. Associated elec-
tronics and optics may be distinct at a pixel, pixel block,
or device level.

[0012] Light emitting pixel arrays can be formed from
one, two, or three dimensional arrays of LEDs, VCSELS,
OLED:s, or other controllable light emitting systems. Light
emitting pixel arrays can be formed as pixel arrays on a
monolithic substrate, formed by partial or complete seg-
mentation of a substrate, formed using photolithographic,
additive, or subtractive processing, or formed through
assembly using pick and place or other suitable mechan-
ical placement. Light emitting pixel arrays can be uni-
formly laid out in a grid pattern, or alternatively can be
positioned to define geometric structures, curves, ran-
dom, orirregular layouts.

[0013] In one embodiment, light emitting pixel arrays
can be an LED pixel array. LED pixel arrays can include
LEDs defined on a monolithic GaN or other semiconduc-
tor substrate, segmented LEDs formed on a partially or
fully divided semiconductor substrate, or individually or
panel assembled groupings of LEDs. LED pixel arrays
can include small numbers of LEDs positioned on sub-
strates that are centimeter scale area or greater. In some
embodiments, LED pixel arrays can be microLED (uwLED)
pixel arrays with hundreds, thousands, or millions of light
emitting diodes (LEDs) positioned togetheron centimeter
scale area substrates or smaller. In some embodiments,
rLEDs can include light emitting diodes sized between
30 microns and 500 microns. In some embodiments each
of the light emitting pixels in the light emitting pixel array
can be positioned at least 1 millimeter apart to form a
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sparse LED array. In other embodiments the light emit-
ting pixels are positioned less than 1 millimeter apart and
are typically spaced apart by distances ranging from 30
microns to 500 microns. They can be embedded in a
solid or a flexible substrate, which can be at least in part
transparent. For example, the light emitting pixel arrays
can be at least partially embedded in glass, ceramic, or
polymeric materials.

[0014] A controller can be connected to selectively
power subgroups of light emitting pixels in the light emit-
ting pixel arrays to provide different light beam patterns.
At least some of the light emitting pixels in the light emit-
ting pixel arrays can be individually controlled through
connected electrical traces. In other embodiments,
groups or subgroups of light emitting pixel arrays can be
controlled together. In some embodiments the plurality
of lightemitting diodes can have distinct non-white colors.
For example, at least four of the plurality of light emitting
diodes can be RGBY groupings of light emitting diodes.
[0015] Lightemitting pixel array luminaires caninclude
light fixtures which can be programmed to project differ-
ent lighting patterns based on selective pixel activation
and intensity control. Such luminaires can deliver multiple
controllable beam patterns from a single lighting device
using no moving parts. Typically, this is done by adjusting
the brightness of individual LEDs in a 1D or 2D array.
Optics, whether shared or individual, can optionally direct
the light onto specific target areas. In some embodiments
the height of the light emitting diodes, their supporting
substrate and electrical traces, and associated micro-
optics can be less than 5 millimeters.

[0016] Light emitting pixel arrays, including LED or
wLED pixel arrays, may be used to selectively and adap-
tively illuminate buildings or areas for improved visual
display or to reduce lighting costs. In addition, light emit-
ting pixel arrays may be used to project media facades
for decorative motion or video effects. In conjunction with
tracking sensors and/or cameras, selective illumination
of areas around pedestrians may be possible. Spectrally
distinct pixels may be used to adjust the color tempera-
ture of lighting, as well as support wavelength specific
horticultural illumination.

[0017] Street lighting is an important application that
may greatly benefit from use of light emitting pixel arrays.
A single type of light emitting pixel array may be used to
mimic various street light types, allowing, for example,
switching between a Type | linear street lightand a Type
IV semicircular street light by appropriate activation or
deactivation of selected pixels. In addition, street lighting
costs may be lowered by adjusting light beam intensity
or distribution according to environmental conditions or
time of use. For example, light intensity and area of dis-
tribution may be reduced when pedestrians are not
present. If pixels of the light emitting pixel array are spec-
trally distinct, the color temperature of the light may be
adjusted according to respective daylight, twilight, or
night conditions.

[0018] Light emitting pixel arrays are also well suited
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for supporting applications requiring direct or projected
displays. For example, warning, emergency, or informa-
tional signs may all be displayed or projected using light
emitting pixel arrays. This allows, for example, color
changing or flashing exit signs to be projected. If a light
emitting pixel array is composed of a large number of
pixels, textual or numerical information may be present-
ed. Directional arrows or similar indicators may also be
provided.

[0019] Vehicle headlamps are a light emitting pixel ar-
ray application that requires large pixel numbers and a
high data refresh rate. Automotive headlights that active-
ly illuminate only selected sections of aroadway can used
to reduce problems associated with glare or dazzling of
oncoming drivers. Using infrared cameras as sensors,
light emitting pixel arrays activate only those pixels need-
ed to illuminate the roadway, while deactivating pixels
that may dazzle pedestrians or drivers of oncoming ve-
hicles. In addition, off-road pedestrians, animals, or signs
may be selectively illuminated to improve driver environ-
mental awareness. If pixels of the light emitting pixel array
are spectrally distinct, the color temperature of the light
may be adjusted according to respective daylight, twi-
light, or night conditions. Some pixels may be used for
optical wireless vehicle to vehicle communication.
[0020] Some of the figures described throughout this
disclosure have been illustrated with an entirety of a
drawing separated between multiple figures to comply
with drawing requirements. For example, FIG. 10A and
FIG. 10B illustrate a single drawing separated into a first
portion and a second portion illustrated in the two figures,
and FIG. 11A and FIG. 11B illustrate a single drawing
separated into a first portion and a second portion illus-
trated in the two figures. The figures include off-page
references with characters inside, where the off-page ref-
erence of a figure should be interpreted to be connected
to the off-page reference having the same character with-
in the corresponding other portion of the drawing shown
in the related figure.

[0021] Throughoutthe disclosure, elements may be re-
ferred to as storing an image or images. It is to be un-
derstood that an element being referred to as storing an
image orimages can mean thatthe element storesimage
datarepresenting theimage orimages rather than storing
the image or images themselves. For example, the ele-
ment may store binary words that represent the image
or images in some embodiments, where each of the bi-
nary words may provide information for a pixel of an im-
age to cause the pixel to output a certain intensity, color,
or other characteristics of the pixel.

[0022] FIG. 1illustrates ablock diagram of an example
complementary metal oxide semiconductor (CMOS)
backplane 100 that may be utilized for driving a light emit-
ting pixel array, according to various embodiments. For
example, a light emitting pixel array 102 may be driven
by the CMOS backplane 100 in the illustrated embodi-
ment. The light emitting pixel array 102 may comprise a
plurality of light emitting diodes (LEDs), where each of
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the LEDs may form a pixel in an image to be produced
by the light emitting pixel array 102. In some embodi-
ments, the LEDs may comprise wLEDs array, where
each of the micro LEDs may form a pixel in an image to
be produced by the light emitting pixel array 102. The
wLEDs may comprise light emitting diodes sized between
30 microns and 500 microns. In some embodiments, the
light emitting pixel array 102 may include more than 100
LEDs.

[0023] The light emitting pixel array 102 may further
include a plurality of pixel drivers (as described further in
relation to Fig. 2). Each of the pixel drivers may corre-
spond to an LED of the light emitting pixel array 102,
where each of the pixel drivers can drive (i.e., power) the
corresponding LED. Accordingly, the light emitting pixel
array 102 may have a one-to-one ratio of pixel drivers to
LEDs, where each one of pixel drivers to correspond to
a different one of the LEDs than the other pixel drivers.
In other embodiments, each pixel driver may drive more
than one LED, where the LEDs may be grouped with a
single pixel driver driving the LEDs within the group of
pixels. Each pixel driver may comprise a constant current
driver, where the constant current driver may source a
current between 0.6 milliamps (mA) and 3.8 mA in some
embodiments. The current provided by the constant cur-
rentdriver may be globally preset in some embodiments.
Further, the current provided by the constant current driv-
er may be pulse width modulated with 10 bits resolution
and 500 Hz frequency in some embodiments. While the
light emitting pixel array 102 is described as including
LEDs, it should be understood that the light emitting pixel
array 102 may include other light emitting elements in
place of or in addition to the LEDs in other embodiments.
[0024] The CMOS backplane 100 may receive power
from one or more power sources to power the CMOS
backplane 100. For example, each power source may
power different elements within the CMOS backplane
100. In the illustrated embodiments, the CMOS back-
plane 100 receives inputs from two power sources. Pow-
er from the first power source may be received by a low
dropout regulator (LDO) 104. The LDO 104 may produce
a digital voltage that can be utilized for powering one of
or more of the elements of the CMOS backplane 100.
The first power source may comprise a digital power
source in some embodiments. A reference source ele-
ment 106 may receive power from the second power
source. The reference source element 106 may produce
a reference voltage that can be utilized as a reference
voltage for elements within the CMOS backplane 100.
An LDO 108 may receive power from the second power
source. The LDO 108 may produce an analog voltage
that can be utilized for powering one or more of the ele-
ments of the CMOS backplane 100.

[0025] The CMOS backplane 100 may further have
one or more image inputs to inputimages to be produced
by the light emitting pixel array 102. The image inputs
may be utilized to inputimage data into the CMOS back-
plane 100, where the image data may comprise data rep-
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resenting a video or series of images being provided to
the CMOS backplane 100 by an external element. The
image data may include a plurality of frames, where each
frame represents a single image of the video or series of
images being provided to the CMOS backplane 100.
Each of the one or more image inputs may support dif-
ferent communication protocols. In the illustrated embod-
iment, the CMOS backplane 100 has four image inputs,
where each image input may include an interface for in-
terfacing with an external element that provides video
and/or images to be produced by the light emitting pixel
array 102. In particular, the CMOS backplane 100 in-
cludes a universal asynchronous receiver/transmitter
(UART) interface 110, a serial peripheral interface (SPI)
112, an inter-integrated circuit sound (12S) interface 114,
and a parallel interface 116. Each of the image inputs
may be utilized for different situations. For example, the
SPI 112 may be utilized for short-range synchronized
communication with a local electronic control unit (ECU).
The parallel interface 116 may be utilized with serializ-
er/deserializer integrated circuits (ICs) for long-range
low-voltage differential signaling (LVDS) type communi-
cation with a remote ECU. The 12S interface 114 may be
utilized with legacy display controller. The UART inter-
face 110 may be utilized for long-range differential (un-
shielded twisted pair (UTP)) communication to a remote
ECU).

[0026] In some embodiments, the UART interface 110
may receive 8-bit image data, although the CMOS back-
plane 100 may utilize 10-bitimage data. In these embod-
iments, the CMOS backplane 100 may include 8-bit to
10-bit conversion circuitry 120 to convert the 8-bitimage
data to 10-bitimage data for use by the CMOS backplane
100. The 8-bit to 10-bit conversion circuitry 120 may uti-
lize a piece-wise linear interpolation curve to translate 8-
bit image data to 10-bit image data. The interpolation
process may include creating 9 points and 8 segments
for interpolation purposes. In some embodiments, the
piece-wise linear interpolation curve may be program-
mable with a customer programmable curve. For exam-
ple, an interpolation equation may be utilized for convert-
ing the 8-bit image data to the 10-bit image data.
[0027] Each of the UART interface 110, the SPI 112,
the I12S interface 114, and the parallel interface 116 may
be coupled to a multiplexer 118. The multiplexer 118 may
select one of the UART interface 110, the SPI 112, the
I2S interface 114, and the parallel interface 116 as the
input and may output image data received from the se-
lected interface on the output of the multiplexer 118. In
some embodiments, the multiplexer 118 may select one
of the interfaces as a default interface on startup of the
CMOS backplane 100. The interface selected by the mul-
tiplexer 118 may be modified by an external controller,
where a signal from the external controller can indicate
which of the interfaces the multiplexer 118 should select
to output. In other embodiments, the interface to be se-
lected by the multiplexer 118 may be selected on startup
of the CMOS backplane 100 or may be pre-programmed.
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[0028] The CMOS backplane 100 may further include
cyclic redundancy check (CRC) circuitry 122. The CRC
circuitry 122 may be coupled to the output of the multi-
plexer 118 and may receive image data output by the
multiplexer 118. In particular, the CRC circuitry 122 may
receive the image data provided by the selected interface
(either the UART interface 110, the SPI 112, the 12S in-
terface 114, or the parallel interface 116 selected by the
multiplexer 118 for output at the time). The CRC circuitry
122 may perform a CRC on the image data received by
the CRC circuitry 122 to verify that the image data was
not corrupted during transmission. The CRC circuitry 122
may be able to perform the CRC of the image data at a
frequency greater than 30 Hz, such that the CRC circuitry
122 can perform CRC on at least 30 frames of the image
data per second. In some embodiments, the CRC circuit-
ry 122 can perform the CRC at a frequency of 60 Hz.
Depending on the results of the CRC, the CRC circuitry
122 may output the image data. For example, if the CRC
passes, the CRC circuitry 122 can output the image data
and, ifthe CRC fails, the CRC circuitry 122 may not output
the image data. The CRC format for the CRC performed
by the CRC circuitry 122 may be configured at startup.
For example, the CRC can be configured to be a 16-bit
CRC polynomial format or a 32-bit CRC polynomial for-
mat at startup in some embodiments. Further, the CRC
circuitry 122 may be configured to use least significant
bit (LSB) first or most significant bit (MSB) first for the
CRC based on an input to the CMOS backplane 100.
Additionally, the CRC circuitry 122 may be configured to
have an initial value for a CRC calculation engine of the
CRC be all ’0’ or all ‘1’ based on an input to the CMOS
backplane 100.

[0029] The CMOS backplane 100 may further include
a standby frame buffer 124 and a frame buffer 126. The
standby frame buffer 124 and the frame buffer 126 may
be coupled to the output of the CRC circuitry 122 and
may receive the image data output by the CRC circuitry
122. The CMOS backplane 100 may control which of the
standby frame buffer 124 or the frame buffer 126 stores
image data output by the CRC circuitry 122 ata time. For
example, the standby frame buffer 124 may be config-
ured to store image data representing a default image,
which may be referred to as the standby frame buffer 124
storing a default image and the image data stored in the
standby frame buffer 124 may be referred to as default
image data. The standby frame buffer 124 may be con-
figured to store image data corresponding to a default
image when the image data corresponding to the default
image is output by the CRC circuitry 122, whereas the
frame buffer 126 may be configured not to store image
data when the image data corresponding to the default
image is being output by the CRC circuitry 122. In some
embodiments, the image data corresponding to the de-
fault image may be input on startup of the CMOS back-
plane 100 or may pre-programmed into the standby
frame buffer 124. In contrast, the frame buffer 126 may
be configured to store image data output by the CRC
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circuitry 122 that does not correspond to the default im-
age, whereas the standby frame buffer 124 may be con-
figured not to store image data when the image data that
does not correspond to the default image is being output
by the CRC circuitry 122. In some embodiments, one or
more switches or a multiplexer may be provided between
the CRC circuitry 122, and the standby frame buffer 124
and the frame buffer 126 such that the image data is only
provided to either of the standby frame buffer 124 or the
frame buffer 126 that is intended to store the image data.
By having the standby frame buffer 124 that stores a
default image, the CMOS backplane 100 may compen-
sate for a lack of image data being provided to the CMOS
backplane 100 or corruption of image data provided to
the CMOS backplane 100 by displaying the defaultimage
when other image data is unavailable. Accordingly, the
defaultimage may be displayed by the light emitting pixel
array 102 when other image data is unavailable rather
than the light emitting pixel array 102 not displaying an
image or displaying an undesirable image when other
image data is unavailable.

[0030] The CMOS backplane 100 may further include
a multiplexer 128. The multiplexer 128 may be coupled
to the output of the standby frame buffer 124 and the
output of the frame buffer 126 and may determine which
of the image data received from the standby frame buffer
124 and the frame buffer 126 is to be output by the mul-
tiplexer 128. In some embodiments, the multiplexer 128
may be configured to select the image data from the
standby frame buffer 124 to be output by the multiplexer
128 on startup of the CMOS backplane 100. Further, the
multiplexer 128 may be configured to select the image
data from standby frame buffer 124 to be output by the
multiplexer 128 when there is no image data stored in
the frame buffer 126 or the image data stored in the frame
buffer 126 is below a threshold amount of image data.
When there is image data stored in the frame buffer 126
or the image data stored in the frame buffer 126 exceeds
the threshold amount of image data, the multiplexer 128
may configured to select the image data from the frame
buffer 126 to be output by the multiplexer 128. The frame
buffer 126 may be configured to remove image data from
storage when the image data is provided by the frame
buffer 126 to the output of the multiplexer 128, whereas
the standby frame buffer 124 may retain the image data
corresponding to the default image in storage when the
image data is provided by the standby frame buffer 124
to the output of the multiplexer 128.

[0031] Inother embodiments, the standby frame buffer
124 may be coupled to the frame buffer 126 and may
provide the image data corresponding to the default im-
age to the frame buffer 126 when there is no image data
in the frame buffer 126. In these embodiments, the mul-
tiplexer 128 may be omitted and the output of the frame
buffer 126 may be directly connected to a display buffer
130 to provide image data to the display buffer 130.
[0032] The CMOS backplane 100 may further include
a display buffer 130. The display buffer 130 may be cou-
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pled to the output of the multiplexer 128 and may receive
the image data output by the multiplexer 128. The display
buffer 130 may store the image data output by the mul-
tiplexer 128.

[0033] The CMOS backplane 100 may further include
pulse width modulation (PWM) generator circuitry 132.
The PWM generator circuitry 132 may be coupled to the
display buffer 130 and may retrieve image data from the
display buffer 130. The PWM generator circuitry 132 may
generate one or more PWM signals based on the image
data retrieved from the display buffer 130 and provide
the generated PWM signals to the light emitting pixel ar-
ray 102. The PWM signals may drive the operation of the
pixels within the light emitting pixel array 102. For exam-
ple, the PWM signals provided to the light emitting pixel
array 102 may cause the pixels (i.e., LEDs) within the
light emitting pixel array 102 to turn on in accordance
with the PWM signals. The PWM generator circuitry 132
may further generate the PWM signals with time shift.
For example, a first portion of the PWM signals may go
high (which results in the pixels of the light emitting pixel
array 102 turning on) at a first time during one PWM pe-
riod while a second portion of the PWM signals may go
high at a second time during one PWM period. The pixels
within the light emitting pixel array 102 may be separated
into groups where turn on times (where corresponding
PWM signals go high) of each group of pixels may be
uniformly distributed throughout with one PWM period.
By shifting the turn on times of the pixels, an amount of
change at a time due to the current due to the pixels
turning on and/or turning off may be lower than if all of
the pixels of the light emitting pixel array 102 are turned
on at the same time. The lower change in the amount of
current can reduce negative electrical effects that can
occur due to higher amounts of current change.

[0034] The CMOS backplane 100 may further include
a comparator 134. The comparator 134 may be coupled
to the display buffer 130. The comparator 134 may de-
termine whether there are shorts and/or open circuits
within the light emitting pixel array 102. For example, the
comparator 134 may determine whether any of the LEDs
are shorted and/or whether any of the drivers are open
within the light emitting pixel array 102. The comparator
134 can compare measured forward voltages of pixels
within the light emitting pixel array 102 with an open com-
parator threshold voltage and/or a short comparator
threshold voltage to determine whether any of the LEDs
are shorted and/or whether any of the drivers are open
within the light emitting pixel array 102.

[0035] The CMOS backplane 100 may further include
one or more control registers 136. The control registers
136 may store data for controlling operation of one or
more of the elements within the CMOS backplane 100.
For example, the control registers 136 may receive data
related to settings for the CMOS backplane 100 from
external elements and may utilize the data to configure
one or more of the elements (such as the CRC circuitry
122, the multiplexer 118, and/or other elements within
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the CMOS backplane 100) within the CMOS backplane
100 for operation. Further, the control registers 136 can
store data output by elements of the CMOS backplane
100 (such as outputs of error detection). In some embod-
iments, the control registers 136 may comprise 256
read/write registers that allow control of the CMOS back-
plane 100 and/or read back of status information related
to the CMOS backplane 100, as well as allowing diag-
nostics of the CMOS backplane 100.

[0036] The CMOS backplane 100 may further include
one or more interfaces for communication with external
elements. Inthe illustrated embodiment, the CMOS back-
plane 100 may include a UART interface 138 and an 12C
interface 140 for communicating with external elements.
The UART interface 138 and the I12C interface 140 may
be coupled with the control registers 136 and may provide
for communication between the external elements and
the control registers 136. The interfaces can allow an
external element to provide data to the control registers
that can be utilized for configuring one or more of the
elements within the CMOS backplane 100 and/or receive
data from the control registers that can indicate a state
of the CMOS backplane 100 (such as results of error
detection operations). The UART interface 138 may allow
for a physical controller area network (CAN) interface to
aremote ECU. Further, the UART interface 138 may be
used in conjunction with the UART interface 110 in some
embodiments. The |12C interface may be utilized in con-
junction with the SPI 112, the 12S interface 114, or the
parallel interface 116.

[0037] The CMOS backplane 100 may further include
over temperature protection (OTP) circuitry 142. The
OTP circuitry 142 may be coupled to one or more tem-
perature sensors attached to the light emitting pixel array
102 and may receive temperature data related to tem-
peratures of the light emitting pixel array 102 from the
temperature sensors. For example, the CMOS back-
plane 100 includes a first temperature sensor 144a, a
second temperature sensor 144b, a third temperature
sensor 144c, and a fourth temperature sensor 144d at-
tached to the light emitting pixel array 102 in the illustrated
embodiment. The OTP circuitry 142 may be coupled to
the first temperature sensor 144a, the second tempera-
ture sensor 144b, a third temperature sensor 144c, and
a fourth temperature sensor 144d, and may receive tem-
perature data related to the four locations to which the
temperature sensors are attached from the temperature
sensors. The OTP circuitry 142 may compare the tem-
peratures represented by the temperature data to a
threshold temperature to determine if the temperature of
the light emitting pixel array 102 exceeds the threshold
temperature, which may indicate that actions should be
taken to reduce the temperature of the light emitting pixel
array 102 and/or notice is to be provided of the temper-
ature of the light emitting pixel array 102 exceeding the
threshold temperature. In some embodiments, the OTP
circuitry 142 may determine (such as by using an equa-
tion) a maximum temperature of the light emitting pixel
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array 102 based on the temperature data received from
the temperature sensors and compare the maximum
temperature of the light emitting pixel array 102 to deter-
mine whether actions should be taken to reduce the tem-
perature of the light emitting pixel array 102 and/or wheth-
er notice is to be provided of the maximum temperature
of the light emitting pixel array 102 exceeding the thresh-
old temperature. Further, the OTP circuitry 142 may out-
put an indication of the temperature exceeding the
threshold temperature to a system in which the CMOS
backplane 100 is implemented.

[0038] The CMOS backplane 100 may further include
adummy pixel 146. The dummy pixel 146 may be utilized
for verifying a current provided by circuitry that sets the
current for the pixel matrix and/or adjusting a current be-
ing provided by the circuitry. The dummy pixel 146 may
include one or more of the features of the pixel driver 200
(Fig. 2), the pixel driver 304 (Fig. 3), the light emitting
pixel array system 400 (Fig. 4), and/or the pixel block of
the circuit schematic 600 (Fig. 6). For example, the dum-
my pixel 146 may have an identical arrangement to the
pixel driver 200, the pixel driver 304, the pixel array sys-
tem 400, or the pixel block of the circuit schematic 600
in some embodiments with the exception that the LED
of the pixel driver 200, the pixel driver 304, or the pixel
array system 400 is replaced with a resistor in the dummy
pixel 146. The dummy pixel 146 may output an indication
of amount of current applied across the resistor by the
circuitry that sets the current for the pixel matrix during
operation, which may be representative of the amount of
current applied across the pixels within the light emitting
pixel array 102. The dummy pixel 146 may output the
indication of the amount of current to a system in which
the CMOS backplane 100 is implemented. The dummy
pixel 146 is further described in relation to Fig. 5.
[0039] The CMOS backplane 100 may be implement-
ed within a lighting system, where the light emitting pixel
array 102 may provide the light of the lighting system and
one or more of the other elements within the CMOS back-
plane 100 may be part of a controller of the lighting sys-
tem. For example, the lighting system may comprise an
LED lighting system and the one or more other elements
within the CMOS backplane 100 may be part of an LED
controller of the lighting system. In some embodiments,
the lighting system may be a vehicle headlamp system.
In these embodiments, the elements of the CMOS back-
plane 100 may be coupled to one or more of the systems
of a vehicle in which the vehicle headlamp system is im-
plemented, where power and/or communications can be
received from the systems of the vehicle to power the
elements of the CMOS backplane 100 and/or control at
least a portion of the operation of the elements of the
CMOS backplane 100.

[0040] FIG. 2 illustrates an example pixel driver 200,
according to various embodiments. A plurality of pixel
drivers 200 may be implemented within a light emitting
pixel array, such as the light emitting pixel array 102 (Fig.
1). Each of the LEDs within the light emitting pixel array
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may be coupled to a corresponding pixel driver 200,
where the pixel driver 200 may drive (i.e., power) the LED
to which the pixel driver 200 is coupled. Accordingly,
there may be a one-to-one ratio of the number of pixel
drivers 200 to the number of LEDs within the light emitting
pixel array. A pixel driver 200 may be located ina CMOS
backplane (such as the CMOS backplane 100 (Fig. 1))
adjacenttoan LED towhich the pixel driver 200 is coupled
and may be located within a footprint of the LED. In par-
ticular, the LED may be configured to emit light out of
system in which the LED is implemented in a first direc-
tion, where the pixel driver 200 may be located adjacent
to the LED at a side of the LED opposite to the first di-
rection and the pixel driver 200 may be located within an
area defined by the outer edges of the LED. In other
embodiments, the pixel drivers 200 may be coupled to
more than one LED within the light emitting pixel array,
where the pixels drivers may drive (i.e., power) more than
one LED. In the illustrated embodiment, the pixel driver
200 is illustrated coupled to a single LED 202, where the
pixel driver 200 may drive (i.e., power) the LED 202.
[0041] The pixel driver 200 may receive an LED volt-
age (VLED) signal 204, a PWM signal 206, and a voltage
reference (VREF) signal 208. The VLED signal 204 may
be received from a high current source, which can be
used to power the pixel driver 200 and the LED 202. In
embodiments where the light emitting pixel array includ-
ing the pixel driver 200 is implemented in a vehicle, the
pixel driver 200 may receive the VLED signal 204 from
a power system of the vehicle in some of the embodi-
ments. A voltage of the VLED signal 204 may be based
on a maximum forward voltage of one of the LEDs within
a light emitting pixel array, where the one of the LEDs
has a highest forward voltage of the LEDs within the light
emitting pixel array. For example, the voltage of the VLED
signal 204 may be set to be within a certain voltage above
a maximum voltage for the light emitting pixel array de-
termined based on the highest forward voltage of the
LEDs. The maximum forward voltage of the one of the
LEDs may be determined during manufacture of the light
emitting pixel array or may be determined by testing the
LEDs during operation. The PWM signal 206 may be
received from a PWM generator (such as the PWM gen-
erator circuitry 132 (Fig. 1)) of the CMOS backplane in
which the pixel driver 200 is implemented. The VREF
signal 208 may be received from a reference source el-
ement (such as the reference source element 106 (Fig.
1)) of the CMOS backplane in which the pixel driver 200
is implemented.

[0042] The pixel driver 200 may include a first switch
210 and a second switch 212. The first switch 210 may
be implemented as a first field effect transistor (FET) and
the second switch 212 may be implemented as a second
FET, as shown in the illustrated embodiment. The PWM
signal 206 may be coupled to a gate of the first FET of
the first switch 210. The PWM signal 206 may cause the
first switch 210 to turn on and off based on a value of the
PWM signal 206 at a time, which in turn causes the sec-
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ond switch 212 to turn on and off. A source of the second
switch 212 may receive the VLED signal 204 and a drain
of the second switch 212 may be coupled to an anode
of the LED 202. As the second switch 212 turns on the
VLED signal 204 may be provided to the LED 202 causing
the LED 202 to turn on, and as the second switch 212
turns off the VLED signal 204 may be removed from the
LED 202 causing the LED 202 to turn off. The pixel driver
200 may operate as an LDO constant current source for
the LED 202.

[0043] The pixel driver 200 may further include an op-
erational amplifier 214. The operational amplifier 214
may receive the VREF signal 208 and the VLED signal
204 as inputs. The VREF signal 208 may be utilized to
set a maximum drive current to be provided to the LED
202. An output of the operational amplifier 214 may be
coupled to a gate of the second FET of the second switch
212, where the second switch 212 can limit the current
being provided to the LED 202 through the second switch
212 to be below or equal to the maximum drive current,
thereby limiting the current through the LED 202 to be
below or equal to the maximum drive current.

[0044] The pixel driver 200 may further include a bidi-
rectional switch 216. The bidirectional switch 216 may
have an input/output coupled between the second switch
212 and the anode of the LED 202. The bidirectional
switch 216 can be utilized for injecting small currents di-
rectly into the LED 202 for characterization and/or test
purposes. For example, the other elements (such as the
first switch 210, the second switch 212, and the opera-
tional amplifier 214) may be bypassed for performance
of characterization and/or test purposes of the LED 202.
Further, the bidirectional switch 216 may be utilized for
monitoring a forward voltage of the LED 202 during op-
eration and/or while the CMOS package in which the pixel
driver 200 is implemented is performing in diagnostics
mode. The pixel driver 200 may provide the results of the
characterization, testing, monitoring of the forward volt-
age of the LED 202, and/or the diagnostics to another
element of the CMOS backplane (such as the control
registers 136 (Fig. 1)).

[0045] FIG. 3illustrates an example fault detection cir-
cuit 300, according to various embodiments. The fault
detection circuit 300 may be implemented withina CMOS
backplane (such as the CMOS backplane 100) or a pixel
driver (such as the pixel driver 200). In embodiments
where the fault detection circuit 300 is implemented in a
CMOS backplane outside of the pixel driver, the CMOS
backplane may include as many fault detection circuits
300 as pixels within a light emitting pixel array (such as
the light emitting pixel array 102 (Fig. 1)) or may include
less fault detection circuits 300 than the pixels within the
light emitting pixel array. In the embodiments where the
CMOS backplane includes less fault detection circuits
300 than the pixels within the light emitting pixel array,
the fault detection circuits 300 may be selectively coupled
to each of the pixels within the light emitting pixel array
at different times, where a fault detection circuit 300 may
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perform fault detection on the pixel to which the fault de-
tection circuit 300 is coupled at the time. In the illustrated
embodiment, the fault detection circuit 300 is shown in-
cluded in a CMOS backplane and separate from a pixel
driver of the CMOS backplane.

[0046] The fault detection circuit 300 may be selective-
ly coupled between a pixel driver 302 and an LED 304
of a light emitting pixel array, where the pixel driver 302
may include one or more of the features of the pixel driver
200 (Fig. 2), and the LED 304 may be a pnLED in some
embodiments. The fault detection circuit 300 may be cou-
pled between the pixel driver 302 and the LED 304 by
an element that can selectively couple the fault detection
circuit 300 between the pixel driver 302 and the LED 304.
In the illustrated embodiment, a switch 306 that can se-
lectively couple the fault detection circuit 300 between
the pixel driver 302 and the LED 304. In other embodi-
ments, the switch 306 may be replaced by a multiplexer
that can couple the fault detection circuit 300 between
the pixel driver 302 and LED 304, or between other pixel
drivers and LEDs within the light emitting pixel array.
When the switch 306 is closed, an input of the fault de-
tection circuit 300 may be coupled between the pixel driv-
er 302 and the LED 304. When the switch 306 is open,
the input of the fault detection circuit 300 may be decou-
pled from between the pixel driver 302 and the LED 304.
[0047] The fault detection circuit 300 may include a
first comparator 308 and a second comparator 310. The
first comparator 308 may have a firstinput coupled to the
input of the fault detection circuit 300 and a second input
ofthefirstcomparator 308 may receive an open threshold
voltage 312. When fault detection is being performed for
the pixel driver 302 and/or the LED 304, the first compa-
rator 308 may compare a forward voltage of the LED 304
to the open threshold voltage 312 to determine whether
the LED 304 is open and/or the pixel driver 302 is shorted.
For example, the first comparator 308 may determine
whether the forward voltage of the LED 304 exceeds the
open threshold voltage 312, and may determine that the
LED 304 is open and/or the pixel driver 302 is shorted
based on a determination that the forward voltage of the
LED 304 exceeds the open threshold voltage 312.
[0048] The second comparator 310 may have a first
input coupled to the input of the fault detection circuit 300
and second input of the second comparator 310 may
receive a short threshold voltage 314. When fault detec-
tion is being performed for the pixel driver 302 and/or the
LED 304, the second comparator 310 may compare the
forward voltage of the LED 304 to the short threshold
voltage 314 to determine whether the LED 304 is shorted
and/or the pixel driver 302 is open. For example, the sec-
ond comparator 310 may determine whether the forward
voltage of the LED 304 is below the short threshold volt-
age 314, and may determine that the LED 304 is shorted
and/or the pixel driver 302 is open based on a determi-
nation that the forward voltage of the LED 304 is below
the short threshold voltage 314. Detection of the open or
shorted LED 304 and/or pixel driver 302 may help deter-
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mine which pixels of a light emitting pixel array are faulted
so power can be avoided from being applied to the faulted
pixels and/or it can be determined when a light emitting
pixel array should be replaced on the number of faulted
pixels.

[0049] The fault detection circuit 300 may further in-
clude a discharge switch 316. The discharge switch may
be coupled between the input of the fault detection circuit
300 and a ground of the CMOS backplane in which the
fault detection circuit 300 is implemented. The discharge
switch 316 may be utilized to discharge a forward voltage
of the LED 304 when the discharge switch 316 is closed.
[0050] FIG. 4 illustrates one embodiment of a light
emitting pixel array system 400 suitable for use in con-
junction with a wLED segmented pixel array. The pLED
segmented pixel array includes pLED pixel blocks con-
trolled by an active matrix pixel array system such as
disclosed herein. Each pixel block can include a low drop-
out regulator (LDO) that provides a constant current to
each LED pixel. The maximum current per LDO can be
set globally through a BIAS input. Each pixel can be
dimmed through pulse width modulation (PWM). PWM
frequency can be set globally with the PWMOSC be-
tween 430 and 570 Hz through an 12C register or other
suitable control system. The input signal 10-bit data can
be used to determine the PWM duty cycle. In one em-
bodiment, the rising edge of the PWM pulse can be phase
shifted in 328 dimming groups (72 pixels per group, 2
rows, 36 columns) to reduce current spikes on VLED.
[0051] Various diagnostic modes are supported, in-
cluding an On-the-fly outage detection modes that
checks for LED pixel open/short or LDO open/short dur-
ing operation. This detection can be done when a pixel
is turned on with a duty cycle >1%. Each pixel can be
tested multiple consecutive times (e.g. four or more test-
ing cycles) to avoid erroneous error messages. The row
and column address of the faulty pixel can be stored in
aregister and can be read out through 12C. Full detection
time for the entire matrix is 24 s.

[0052] Alternatively, a diagnostic mode in which each
pixel is individually selected through 12C or the image
interface can be used. In this mode, the Vf of each pixel
is connected to the Vf bus as each pixel is addressed to
allow for a Vf measurement through an ADC. The current
per pixel can be determined by setting VBIAS and having
the LDO drive the pixel, or by switching the LDO off and
driving an external current through the Vfout pin of ~ 1
prA. Typically, the switch that connects the pixel anode
to the Vf bus has an impedance of ~ 2kQ.

[0053] FIG. 5illustrates an example dummy pixel 500,
according to various embodiments. For example, the
dummy pixel 500 may be implemented as the dummy
pixel 146 (Fig. 1). The dummy pixel 500 may be utilized
for utilized for verifying a current provided by circuitry that
sets the current for the pixel matrix and/or adjusting a
current being provided by the circuitry. The dummy pixel
500 may be implemented in a CMOS backplane (such
as the CMOS backplane 100 (Fig. 1)), where the CMOS
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backplane may drive a light emitting pixel array (such as
the light emitting pixel array 102 (Fig. 1)). The CMOS
backplane may further drive the dummy pixel 500, where
the dummy pixel 500 may be driven by the same circuitry
of the CMOS backplane that drives the light emitting pixel
array.

[0054] The dummy pixel 500 may receive an LED volt-
age (VLED) signal 502, a PWM signal 504, and a voltage
reference (VREF) signal 506. The VLED signal 502 may
be received from a high current source, which can be
used to power the dummy pixel 500 and a resistor 508
of the dummy pixel 500. The high current source may
further provide VLED signals to the light emitting pixel
array driven by the CMOS backplane in which dummy
pixel 500 is implemented, where the high current source
may provide a same amount of current to the dummy
pixel 500 as provided to the LEDs within the light emitting
pixel array. In embodiments where the dummy pixel 500
is implemented in a vehicle, the dummy pixel 500 may
receive the VLED signal 502 from a power system of the
vehicle in some of the embodiments. A voltage of the
VLED signal 502 may be based on a maximum forward
voltage of one of the LEDs within a light emitting pixel
array, where the one of the LEDs has a highest forward
voltage of the LEDs within the light emitting pixel array.
For example, the voltage of the VLED signal 502 may be
set to be within a certain voltage above a maximum volt-
age for the light emitting pixel array determined based
on the highest forward voltage of the LEDs. The maxi-
mum forward voltage of the one of the LEDs may be
determined during manufacture of the light emitting pixel
array or may be determined by testing the LEDs during
operation. The PWM signal 504 may be received from a
PWM generator (such as the PWM generator circuitry
132 (Fig. 1)) of the CMOS backplane in which the dummy
pixel 500 is implemented. The VREF signal 506 may be
received from a reference source element (such as the
reference source element 106 (Fig. 1)) of the CMOS
backplane in which the dummy pixel 500 is implemented.
[0055] The dummy pixel 500 may include a first switch
510 and a second switch 512. The first switch 510 may
be implemented as a first field effect transistor (FET) and
the second switch 512 may be implemented as a second
FET, as shown in the illustrated embodiment. The first
switch 510 and the second switch 512 may have the
same characteristics (within 5% variance) as corre-
sponding first switches and second switches within pixel
drivers (such as the pixel driver 200 (Fig. 2)) implemented
in a same CMOS backplane as the dummy pixel 500.
The PWM signal 504 may be coupled to a gate of the
first FET of the first switch 510. The PWM signal 504 may
cause the first switch 510 to turn on and off based on a
value of the PWM signal 504 at a time, which in turn
causes the second switch 512 to turn on and off. A source
of the second switch 512 may receive the VLED signal
502 and a drain of the second switch 512 may be coupled
to the resistor 508. As the second switch 512 turns on
the VLED signal 502 may be provided to the resistor 508
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causing the resistor 508 to turn conduct current, and as
the second switch 512 turns off the VLED signal 502 may
be removed from the resistor 508 causing current not to
conducted across the resistor 508.

[0056] The dummy pixel 500 may further include an
operational amplifier 514. The operational amplifier 514
may have the same characteristics (within 5% variance)
as corresponding operational amplifiers within pixel driv-
ers (such as the pixel driver 200) implemented in a same
CMOS backplane as the dummy pixel 500. The opera-
tional amplifier 514 may receive the VREF signal 506
and the VLED signal 502 as inputs. The VREF signal 506
may be utilized to set a maximum drive current to be
provided to the resistor 508. An output of the operational
amplifier 514 may be coupled to a gate of the second
FET of the second switch 512, where the second switch
512 can limit the current being provided to the resistor
508 through the second switch 512 to be below or equal
to the maximum drive current, thereby limiting the current
through the resistor 508 to be below or equal to the max-
imum drive current.

[0057] The dummy pixel 500 may further include a bi-
directional switch 516. The bidirectional switch 516 may
have the same characteristics (within 5% variance) as
corresponding bidirectional switches within pixel drivers
(such as the pixel driver 200) implemented in a same
CMOS backplane as the dummy pixel 500. The bidirec-
tional switch 516 may have an input/output coupled be-
tween the second switch 512 and the resistor 508. The
bidirectional switch 516 can be utilized for injecting small
currents directly into the resistor 508 for characterization
and/or test purposes. For example, the other elements
(such as the first switch 510, the second switch 512, and
the operational amplifier 514) may be bypassed for per-
formance of characterization and/or test purposes of the
resistor 508. Further, the bidirectional switch 516 may be
utilized for monitoring a voltage drop across the resistor
508 during operation and/or while the CMOS package in
which the dummy pixel 500 is implemented is performing
in diagnostics mode. The dummy pixel 500 may provide
the results of the characterization, testing, monitoring of
the voltage drop across the resistor 508, and/or the di-
agnostics to another element of the CMOS backplane
(such as the control registers 136 (Fig. 1)).

[0058] Due tothe elements within the dummy pixel 500
having the same characteristics (within 5% variance) as
the pixel drivers implemented in a same CMOS back-
plane as the dummy pixel 500 with the exception of the
resistor 508 of the dummy pixel 500 replacing the corre-
sponding LEDs of the pixel drivers, the dummy pixel 500
may have the same amount of current (within 5% vari-
ance) driven across the resistor 508 as the pixels drivers
have driven across the corresponding LEDs. The dummy
pixel 500 may output an indication of the current being
driven across the resistor 508, which may indicate an
amount of current driven across the LEDs of the pixel
drivers based on the relationship between the current
driven across the resistor 508 and the current driven
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across the LEDs. The indication of the current being driv-
en across the resistor 508 may be provided to a system
in which the CMOS backplane is implemented. The sys-
tem may utilize the indication of the current being driven
across the resistor 508 to determine whether the current
being driven across the LEDs is the current intended to
be driven across the LEDs and/or compensate for any
inaccuracy of the current being driven across the LEDs
from the intended current.

[0059] While the dummy pixel 500 illustrated and de-
scribed herein corresponds to the pixel driver 200, it
should be understood that the dummy pixel 500 may cor-
respond to the pixel array system 400 or the pixel block
of the circuit schematic 600. In particular, the dummy
pixel 500 may have the arrangement of the pixel array
system 400 or the pixel block of the circuit schematic
600, or some portion thereof, in other embodiments with
the dummy pixel 500 having a resistor replacing the LED
of the pixel array system 400 or the LED of the pixel block
of the circuit schematic 600. For example, in embodi-
ments of a CMOS backplane that implements the pixel
array system 400, the dummy pixel 500 may include the
same elements as the pixel array system 400 in a same
arrangement with the exception that the LED of the pixel
array system 400 is replaced with a resistor in the dummy
pixel 500. Further, the elements of the dummy pixel 500
may have the same characteristics (within 5% variance)
as the elements of the pixel array system 400. In embod-
iments of a CMOS backplane that implements the pixel
block of the circuit schematic 600, or some portion there-
of, the dummy pixel 500 may include the same elements
as the pixel block, or portion thereof, in a same arrange-
ment with the exception that the LED of the pixel block
is replaced with a resistor in the dummy pixel 500. Fur-
ther, the elements of the dummy pixel 500 may have the
same characteristics (within 5% variance) as the ele-
ments of the pixel block. Accordingly, the dummy pixel
500 may be utilized for determining an amount of current
driven across the pixel of the pixel array system 400 or
the pixel block of the circuit schematic 600 in embodi-
ments.

[0060] FIG. 6 illustrates one alternative embodiment
of a pixel block that is usable in an active matrix array
supporting LDO bypass. In one embodiment illustrated
by circuit schematic 600 and associated timing diagram
520, factory calibration a Vf of all pixels can be measured
at 1.0pA and 1.0 mA using an external current source
and LDO bypass functionality. As illustrated in FIG. 4,
image data and pulse width modulation oscillation clock
data can be received by a pulse width modulator. Based
on input from a logic module, gate timing including pulse
start, ramp time and pulse duration/width (duty cycle) can
be set on a per pixel basis. For example, the duty cycle
(8) can be loaded from frame buffer on "read". An 8-bit 3
resolution can be supported. In one embodiment, the
pulse leading-edge phase shift (¢) can be set differently
for each pixel.

[0061] This operation can be bypassed when the LED

10

15

20

25

30

35

40

45

50

55

1"

pixel is supported by a low dropout (LDO) linear regulator
as illustrated in the circuit diagram. During bypass Vf can
be measured either with internal 1A current source or
external current source on VLED. Bypass can be done
as a pixel by pixel operation using row and column select.
[0062] FIG. 7 illustrates an embodiment of an active
matrix pixel array system suitable for use in a vehicle
headlamp system 700. System 700 can include connec-
tion with a vehicle supported power (702) and control
system including a data bus (704). A sensor module 706
can be connected to the data bus 704 to provide data
related to environment conditions (e.g. time of day, rain,
fog, ambient light levels, etc.), vehicle condition (parked,
in-motion, speed, direction), or presence/position of oth-
er vehicles or pedestrians. A separate headlamp control-
ler 730 can be connected to the vehicle supported power
and control system.

[0063] The vehicle headlamp system 700 can include
a power input filter and control module 710. The module
710 can support various filters to reduce conducted emis-
sions and provide power immunity. Electrostatic dis-
charge (ESD) protection, load-dump protection, alterna-
tor field decay protection, and reverse polarity protection
can also be provided by module 710.

[0064] Filtered power can be providedtoa LED DC/DC
module 712. Module 712 can be used only for powering
LEDs, and typically has an input voltage of between 7
and 18 volts, with a nominal 13.2 volts. Output voltage
can be set to be slightly higher (e.g. 0.3 volts) than LED
array max voltage can be dynamically adjusted as deter-
mined by factory or local calibration, and operating con-
dition adjustments due to type of presented image, load,
temperature, or other factors.

[0065] Filtered power is also provided to a logic LDO
module 714 that can be used to power microcontroller
722 or CMOS logic in the active headlamp 730.

[0066] The vehicle headlamp system 700 can also in-
clude a bus transceiver 720 (e.g. with a UART or SPI
interface) connected to microcontroller 722. The micro-
controller 722 can translate vehicle input based on or
including data from the sensor module 706. The trans-
lated vehicle input caninclude a video signal that is trans-
ferrable to an image bufferin the active headlamp module
730. In addition, the microcontroller 722 can load default
image frames and test for open/short pixels during star-
tup. In one embodiment, a SPI interface loads an image
buffer in CMOS. Image frames can be full frame, differ-
ential or partial. Other microcontroller 722 features can
include control interface monitors of CMOS status, in-
cluding die temperature, as well as logic LDO output. In
some embodiments, LED DC/DC output can be dynam-
ically controlled to minimize headroom. In addition to pro-
viding image frame data, other headlamp functions such
as complementary use in conjunction with side marker
or turn signal lights, and/or activation of daytime running
lights can also be controlled.

[0067] FIG. 8 illustrates one embodiment of various
components and modules of an active headlamp system
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800 such as described with respect to active headlamp
730 of FIG. 7. As illustrated, internal modules include an
LED power distribution and monitor module 810 and a
logic and control module 820.

[0068] Image or other data from the vehicle can arrive
via an SPI interface 812. Successive images or video
data can be stored in an image frame buffer 814. If no
image data is available, one or more standby images
held in a standby image buffer 816 can be directed to the
image frame buffer 814. Such standby images can in-
clude, for example, an intensity and spatial pattern con-
sistent with legally allowed low beam headlamp radiation
patterns of a vehicle.

[0069] In operation, pixels in the images are used to
define response of corresponding LED pixels in the pixel
module 830, with intensity and spatial modulation of LED
pixels being based on the image(s). To reduce data rate
issues, groups of pixels (e.g. 5x5 blocks) can be control-
led as single blocks in some embodiments. High speed
and high data rate operation is supported, with pixel val-
ues from successive images able to be loaded as suc-
cessive frames in an image sequence at a rate between
30Hz and 100Hz, with 60Hz being typical. In conjunction
with a pulse width modulation module 818, each pixel in
the pixel module can be operated to emit lightin a pattern
and with an intensity at least partially dependent on the
image held in the image frame buffer 814.

[0070] Inone embodiment, intensity can be separately
controlled and adjusted by setting appropriate ramp
times and pulse width for each LED pixel using logic and
control module 820 and the pulse width modulation mod-
ule 818. This allows staging of LED pixel activation to
reduce power fluctuations, and to provide various pixel
diagnostic functionality.

[0071] FIG. 9 illustrates a microcontroller assembly
900 foran LED pixel array. The assembly 900 can receive
logic power via Vdd and Vss pins. An active matrix re-
ceives power for LED array control by multiple V| gp and
Vathode PiNS. A Serial Peripheral Interface (SPI) can pro-
vide full duplex mode communication using a master-
slave architecture with a single master. The master de-
vice originates the frame for reading and writing. Multiple
slave devices are supported through selection with indi-
vidual slave select (SS) lines. Input pins can include a
Master Output Slave Input (MOSI), a Master Input Slave
Output (MISO), a chip select (SC), and clock (CLK), all
connected to the SPI interface.

[0072] In one embodiment, the SPI frame includes 2
stop bits (both "0"), 10 data bits, MSB first, 3 CRC bits
(x3+x+1), a start 111b, and target 000b. Timing can be
set per SafeSPI "in-frame" standards.

[0073] MOSI Field data can be as follows:

Frame 0: Header

Frame 1/2: Start Column Address [SCOL]
Frame 3/4: Start Row Address [SROW]
Frame 5/6: Number of Columns [NCOL]
Frame 7/8: Number of Rows [NROW]
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Frame 9: Intensity pixel [SCOL, SROW]

Frame 10: Intensity pixel [SCOL+1, SROW]

Frame 9 + NCOL: Intensity pixel [SCOL + NCOL,
SROW]

Frame 9 + NCOL +1: Intensity pixel [SCOL, SROW
+1]

Frame 9 + NCOL + NROW: Intensity pixel [SCOL
+NCOL, SROW + NROW]

MISO Field data caninclude loopback of frame mem-
ory.

[0074] A field refresh rate at 60Hz (60 full frames per
second) is supported, as is a bit rate of at least 10Mbps,
and typically between 15-20 Mbps.

[0075] The SPI interface connects to an address gen-
erator, frame buffer, and a standby frame buffer. Pixels
can have parameters set and signals or power modified
(e.g. by power gating before input to the frame buffer, or
after output from the frame buffer via pulse width modu-
lation or power gating) by a command and control mod-
ule. The SPI interface can be connected to an address
generation module that in turn provides row and address
information to the active matrix. The address generator
module in turn can provide the frame buffer address to
the frame buffer.

[0076] The command and control module can be ex-
ternally controlled via an Inter-Integrated Circuit (I12C) se-
rial bus. A clock (SCL) pin and data (SDA) pin with 7-bit
addressing is supported.

[0077] Thecommand and controlmoduleinclude a dig-
ital to analog converter (DAC) and two analog to digital
converters (ADC). These are respectively used to set
Vyias fOr a connected active matrix, help determine max-
imum Vf, and determine system temperature. Also con-
nected are an oscillator (OSC) to set the pulse width mod-
ulation oscillation (PWMOSC) frequency for the active
matrix. A bypass line is also present to allow address of
individual pixels or pixel blocks in the active matrix for
diagnostic, calibration, or testing purposes.

[0078] In one embodiment, the command and control
module can provide the following inputs and outputs:

Input to CMOS chip:

VBIAS: Sets voltage bias for LDO’s.
GET_WORDI...]: Requests Output from CMOS.
TEST_M1: Run Pixel Test: LDO in bypass mode,
sequentially addresses columns, then rows, outputs
VF, using internal 1p.A source.

Vf values output via SPI.

TEST_M2: Run Pixel Test: LDO in bypass mode,
sequentially addresses columns, then rows, outputs
VF, using external | source.

Vf values output via SPI.

TEST_M3: LDO in bypass mode, addressing
through 12C, using internal 1A source, Vfoutput via
12C.

TEST_M4: LDO in bypass mode, addressing
through 12C, using external | source, Vf output via



23 EP 3913 611 A1 24

12C.

BUFFER_SWAP: Swap to/from standby buffer.
COLUMN_NUM: Addresses a specific row.
ROW_NUM: Addresses a specific column.

Output from CMOS chip:

CW PHIV MIN, CW_PHIV_AVG, CW_PHIV_MAX:
factory measured EOL global luminous flux data.
CW_VLED_MIN, CW_VLED_AVG,
CW_VLED_MAX: factory measured EOL global for-
ward voltage data.

CW SERIALNO: die/CMOS combo serial number for
traceability purposes.

TEMP_DIE: Value of Die Temperature.

VF: Value of Vf bus when being addressed with
COLUMN_NUM and ROW_NUM.
BUFFER_STATUS: Indicates which buffer is select-
ed.

[0079] Various calibration and testing methods for mi-
crocontroller assembly 900 are supported. During factory
calibration a Vf of all pixels can be measured. Maximum,
minimum and average Vf of the active area can be
"burned" as calibration frame within a calibration data
storage module, where the calibration data storage mod-
ule may be coupled to the command and control module.
Maximum Vf and dVf/dT calibration frames can be used
together with measured die temperature to determine ac-
tual V| gp dynamically. For example, the maximum Vfand
dVf/dT calibration frames may comprise calibration data
and the Vfand the dVf/dT may comprise the pixel voltage
responses of the LEDs within the LED pixel array. The
calibration data may enable modification of a voltage pro-
vided by a dynamic power supply to the LED pixel, where
the modification may be based on an image to be pre-
sented by the LED pixel array. Typically, a V| gp of be-
tween 3.0V - 4.5V is supported, with actual value being
determined by feedback loop to external DC/DC convert-
er such as described with respect to FIG. 7.

[0080] FIG. 9A and FIG. 9B illustrate another embod-
iment of a CMOS backplane for a microcontroller assem-
bly 1000 of an active matrix pixel array. Generally, this
embodiment allows for various features and functionality,
including an ability to drives up to 20,172 (1:3) or 20,162
(1:4) pixels in parallel, individually addressable at 3.8 mA
maximum per pixel.

[0081] In this embodiment, a global bias voltage sets
maximum current per pixel between 0.6 and 3.8 mA and
each pixel can be dimmed using PWM with 10-bit reso-
lution and minimum PWM frequency of 500 Hz. The total
maximum backplane current can be 17.0 A, with no in-
ternal monitoring/protection. Voltage can be dynamically
regulated across VLED-VCAT to the lowest possible to
minimize thermal load. The highest Vf measured on the
LED die is loaded as a calibration word and can be re-
trieved through 12C as CW_VLED_MAX. This calibration
is done at the maximum pixel current of 3.8 mA.

[0082] The 0.4V is the maximum headroom for the
LDO driving each pixel. TEMP_DIE_MIN is the lowest
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CMOS die temperature measured and can be retrieved
via 12C.

[0083] Pixel pitch can be 40 um with square pixel ge-
ometry. Differing pixel array aspect ratios are supported,
with 1:3 pixel array aspect ratio (246*82 pixels) offered
in one embodiment, while 1:4 pixel array aspect ratio
option also being supported. LED pixels can be in either
a common cathode or anode configuration. In some em-
bodiments, LED power can be provided separate from
logic power.

[0084] A number of interfaces can also be supported.
Inone embodiment, a quad SPI serial interface (20 Mbps)
can be used for direct image loading from a local micro-
controller. Interfaces can run in single SPI mode. In other
embodiments, an 12S interface (20 Mbps) can be used
for image loading as alternative to SPI. A parallel inter-
face (<58 MHz) can be used with off-board LVDS dese-
rializer for image loading, and an 8-bit High speed UART
image (20 MBps) interface with programmable piece-
wise linear expansion to 10 bits can be used.

[0085] In some embodiments, image bus speeds can
support maximum 60 full frames per second refresh rate.
Dual Frame buffers can be used to allow for emergency
backup operation in case of communications failure. Buff-
er swap can be automatic or manual and buffer status
can be read out using 12C bus.

[0086] [2C or UART interface provides a status and
control of the CMOS backplane operation and configu-
ration. As previously noted with respect to FIGS. 4 and
5, a diagnostics mode can be provided to test individual
pixels for open/short or leaky condition. Vf per pixel can
be read out over a separate pin or 12C (only with specific
diagnostic mode enabled).

[0087] Reliability can be further increased by use of an
Under Voltage Lockout on logic supply voltages. Die tem-
perature can be measured in multiple different locations
(e.g. four locations on the array), with temperature data
made available through 12C bus.

[0088] More particularly, FIG. 9A and FIG. 9B illustrate
asystem having an active LED matrix thatreceives power
for LED array control by multiple VLED and VCathode
(VCAT) pins. A Quad Serial Peripheral Interface (Quad
SPI) can provide full duplex mode communication using
a master-slave architecture with a single master. The
master device originates the frame for reading and writ-
ing. Multiple slave devices are supported through selec-
tion with individual slave select (SS) lines. Input pins can
include a Master Output Slave Input (MOSI), a Master
Input Slave Output (MISO), a chip select (SC), and clock
(CLK), all connected to the SPI interface. The SPI inter-
face connects to an address generator, frame buffer, and
a standby frame buffer. Pixels can have parameters set
and signals or power modified (e.g. by power gating be-
fore input to the frame buffer, or after output from the
frame buffer via pulse width modulation or power gating)
by a command and control module.

[0089] A Control, Status, and Watchdog module can
be externally controlled via an Inter-Integrated Circuit
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(12C) serial bus. A clock (SCL) pin and data (SDA) pin
with 7-bit addressing is supported. The Control, Status,
and Watchdog can include a digital to analog converter
(DAC) and two analog to digital converters (ADC). These
are respectively used to set Vbias for a connected active
matrix, help determine maximum Vf, and determine sys-
tem temperature. Also connected are an oscillator (OSC)
to set the pulse width modulation oscillation (PWMOSC)
frequency for the active matrix. A dummy pixel driver al-
lows address of individual pixels or pixel blocks in the
active matrix for diagnostic, calibration, or testing pur-
poses.

[0090] FIG. 11A and FIG. 11B illustrate digital archi-
tecture of a system 1100 such as described with respect
to FIG. 9A and FIG. 9B. Generally, both video data and
control and diagnostic data are provided. Video data is
held in both a frame buffer and a standby buffer that is
used when failure of the frame buffer is detected. A pulse
width modulation module is used to convert image data
from either the frame buffer or standby frame buffer into
data usable by an LED driver module that actively con-
trols light intensity of individual or groups of LED pixels
in the array. Control and diagnosis of the system 1100
is provided using various startup controllers, fault protec-
tion modules, and testing modules. Control data can be
externally provided in part, and both external control data
and internally generated data can be stored in one or
more registers.

[0091] The digital system can have four image inter-
faces, including a parallel interface to work with existing
LVDS or FPDLink/OpenLDI serializers/deserializers
("SerDes"); a unidirectional 8-bit UART interface, that in-
cludes logic to expand to 10 bits using an 8-point pro-
grammable "gamma" curve; an 12S interface; and an
SPI/Quad SPI interface if short distance serial commu-
nications is required to a local microcontroller.

[0092] The SerDes interface can use the various data
inputs (e.g. including those available from ten data pins
D0-D9), as well as Data Enable, Pixel Clock and VSYNC.
A maximum pixel clock can be set to 58 MHz. Pixel Data
can be used when Data Enable is high. 12C programmed
"HBLANK" and "VBLANK" can be used to allow for inter-
facing with traditional composite video interfaces.
[0093] The UART interface allows a controller to trans-
mit simplex data over LVDS up to 20 Mbps. Data format
is 8 bits, no parity, single start and stop bits. Image trans-
mission is started after a "break" (low for 12 periods),
followed by an idle pulse (high for 1 period) and a sync
sequence.

[0094] Thel2S Interface allows the use of the 12S block
in existing HD video processors to communicate image
data to the CMOS. A clock Word Select and Serial Data
pins can be used, as well as VSYNC. A WS pin can be
used to stop toggling when the last word of the video
frame is received. In operation, the device starts to re-
ceive pixel data when it detects the first WS switch after
the VSYNC pulse.

[0095] Asingle SPIorQuad SPlinterface can be used.
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SPI is the default mode for the SPI/QSPI interface and
uses Chip Select, Serial Clock, MOSland MISO. VSYNC
inputis also required. Quad SPI adds the QIO2 and QIO3
pins. Maximum clock frequency is 20 MHz.

[0096] In one embodiment, access to the control reg-
isters can be provide by a half duplex UART interface
and an 12C interface. Each of these systems can be used
to receive operational information useful for control, test-
ing, and diagnosis of the system

[0097] In operation, all received image frames will be
loaded into a frame buffer and held until a frame-level
CRC is completed. If the CRC passes, the frame gets
clocked into the output buffer ("Sorted Frame Buffer 0 or
1") and will be displayed. If the CRC fails, a counter will
be incremented. If the total number of consecutive CRC
errors exceeds a preset value, the standby buffer will be
clocked into the output buffer for display. The standby
buffer has to be loaded on device initialization. All frame
buffers are loaded with "0" on startup (display off).
[0098] More particularly, in one embodiment the
CMOS backplane incorporates two frame buffers each
sized 82*284.cells, with 10 bits per cell. The frame buffer
is refreshed continuously and displayed under normal
conditions. The standby buffer is loaded on initialization
with a default image that will be projected in the case of
communication failure. The following algorithm will be
used to determine communication failure:

- A counter "CRCError" is reset to 0 upon device ini-
tialization.

- Each CRC frame error will cause the counter to in-
crease by 1.

- Each CRC frame pass will cause the counter to de-
crease by 1 until it is back to 0.

- If the value of the "CRCError" counter reaches a
maximum preset value, the device will automatically
swap to the standby frame.

- The maximum allowable number of "CRCError"s can
be defined by loading this value over 12C in aregister
during initialization.

[0099] CRC is frame-wise and both CRC16 and
CRC32 are supported. CRC will only be comput-
ed/checked on pixel data, not on blanking intervals or
synchronization pulses.

CRC16 polynomial: 0x1021 = x16 + x12 + x5 + 1
CRC32 polynomial: 0x04C11DB7 = x32 + x26 + x23
+x22+Xx16+x12+x11+x8+ X7 +x5+ x4 +x2+x+1

[0100] FIG. 12A-D illustrate representative PCB lay-
ers. As seenin FIGS. 11A-D, a multilayer PC board 1200
allows for a centrally positioned CMOS logic die and LED
pixel array. Since the LED pixel array and CMOS logic
die can require high current levels of between 10 to 20
amps (e.g. 17 amps), PC board 1200 layout can provide
short power traces and connections, and further provide
positioning that encourages heat transfer. In one embod-
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iment, power transfer is mostly provided by via connected
outer PC board layers (i.e. top and bottom PC board lay-
ers). FIG. 12A illustrates an outer top PC board layer
1200, while FIG. 12D illustrates an outer bottom PC board
layer 1230 with an LGA pin-out. Signal routing is primarily
provided by an inner second PC board layer 1210 (FIG.
12B) that further supports a thermal pad for heat removal.
A digital ground plane is supported by an inner third PC
board layer 1220 (FIG. 12C) that also supports a thermal
pad for heat removal.

[0101] FIG. 13A-D illustrate various representative
routing layouts for aboard such as discussed with respect
to FIGS. 11A-D. As seen in FIGS. 12A and 12C, respec-
tive light colored regions 1302 and 1322 illustrate current
routing for the outer top PC board layer 1300, while FIG.
13C illustrates current routing for an outer bottom PC
board layer 1320 with an LGA pin-out. Pad design can
be aligned and correspond to pads on CMOS to minimize
routing problems, and the outer top PC board layer 1300
current carrying traces can be connected to the bottom
PC board layer 1320 with through vias. 12B illustrates a
separated analog ground trace for an inner second PC
board layer 1310 that generally provides signal routing.
A digital ground plane can be provided by an inner third
PC board layer (not shown). The board may include a
thermal pad 912 for heat removal. In one embodiment,
passive elements 1332 can be arranged around the outer
top PC board layer 1330 as seen in FIG. 13D.

[0102] FIG. 14illustrates an example system 1400, ac-
cording to some embodiments of the present disclosure.
In some embodiments, the system 1400 may comprise
a portion of a vehicle headlamp system in some embod-
iments. For example, the system 1400 may comprise an
active headlamp system in some embodiments, where
an intensity of light and/or image of the light output by
the system 1400 may be changed. The system 1400, or
portions thereof, may reside in a vehicle, in a headlamp
of a vehicle, or some combination thereof. The system
1400 may implement a pixelated configuration made pos-
sible by an array of LEDs.

[0103] The system 1400 may be coupled to a bus 1402
of the vehicle and a power source 1404. The power
source 1404 may provide power for the system 1400.
The bus 1402 may be coupled to one or more compo-
nents that can provide data and/or utilize data provided
to the system 1400. The data provided on the bus 1402
may be related to environment conditions around the ve-
hicle (such as atime of day, whether there is rain, whether
there is fog, ambient light levels, and other environmental
data), conditions of the vehicle (such as whether the ve-
hicle is parked, whether the vehicle is in-motion, a current
speed of the vehicle, a current direction of travel of the
vehicle), and/or presence/positions of other vehicles or
pedestrians around the vehicle. The system 1400 may
provide feedback (such as information regarding opera-
tion of the system) to the components.

[0104] The system 1400 may further comprise a sen-
sor module 1406. In some embodiments, the sensor
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module 1406 may include one or more sensors that can
sense surroundings of the vehicle. For example, the one
or more sensors may sense surroundings that can affect
an image to be produced by light emitted by the system
1400. In some embodiments, the sensors may sense en-
vironmental conditions around the vehicle, and/or pres-
ence/positions of other vehicles or pedestrians around
the vehicle. The sensor module 1406 may operate in
combination with the data provided on the bus 1402 or
may operate in lieu of a portion of the data (such as the
environment conditions, and/or the presence/positions
of the other vehicles or pedestrians) being provided on
the bus 1402. The sensor module 1406 may output data
indicating what has been sensed by the sensors.
[0105] The system 1400 may further include a trans-
ceiver 1408. The transceiver 1408 may have a universal
asynchronous receiver-transmitter (UART) interface or
a serial peripheral interface (SPI) in some embodiments.
The transceiver 1408 may be coupled to the bus 1402
and the sensor module 1406, and may receive data from
the bus 1402 and the sensor module 1406. In some em-
bodiments, the transceiver 1408 may multiplex the data
received from the bus 1402 and the sensor module 1406,
and may direct feedback to the bus 1402 or the sensor
module 1406.

[0106] The system 1400 may further include a proces-
sor 1410. The processor 1410 may be coupled to the
transceiver 1408 and exchange data with the transceiver
1408. For example, the processor 1410 may receive data
from the transceiver 1408 that was provided by the bus
1402 and/or the sensor module 1406. The processor
1410 may generate image data that indicates an image
to be produced by light emitted from the system 1400.
The image data generated by the processor 1410 may
comprise the image data provided to the CMOS back-
plane 100 (Fig. 1) and/or other image described through-
out this disclosure. The processor 1410 may further gen-
erate one or more inquiries that request information from
one or more of the components of the system. The proc-
essor 1410 may further provide the feedback to the trans-
ceiver 1408 to be directed to the bus 1402 or the sensor
module 1406.

[0107] The system 1400 may further include a head-
lamp 1412 of the vehicle. The headlamp 1412 may com-
prise an active headlamp in some embodiments, where
the active headlamp may produce multiple different out-
puts of light. The headlamp 1412 may include a lighting
system 1414. The lighting system 1414 may include a
CMOS backplane with a light emitting pixel array, such
as the CMOS backplane 100 with the light emitting pixel
array 102 (Fig. 1). The headlamp 1412 may be coupled
to the processor 1410 and may exchange data with the
processor 1410. In particular, the lighting system 1414
may be coupled to the processor 1410 and may ex-
change data with the processor 1410. The lighting sys-
tem 1414 may receive the image data and inquiries from
processor 1410 and may provide feedback to the proc-
essor 1410.
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[0108] The system 1400 may further include power
protection 1416. The power protection 1416 may be cou-
pled to the power source 1404 and may receive power
from the power source. The power protection 1416 may
include one or more filters that may reduce conducted
emissions and provide power immunity. In some embod-
iments, the power protection 1416 may provide electro-
static discharge (ESD) protection, load-dump protection,
alternator field decay protection, reverse polarity protec-
tion, or some combination thereof.

[0109] The system 1400 may furtherinclude processor
power 1418. The processor power 1418 may be coupled
to the power protection 1416 and may receive power from
the power source 1404. The processor power 1418 may
comprise a low dropout (LDO) regulator that may gener-
ate a power for powering the processor 1410 from the
power provided by the power source 1404. The proces-
sor power 1418 may further be coupled to the processor
1410 and may provide power to the processor 1410.
[0110] The system 1400 may further comprise a power
supply 1420. The power supply 1420 may be coupled to
the power protection 1416 and may receive power from
the power source 1404. In some embodiments, the power
supply 1420 may comprise a converter that converts the
power from the power source 1404 to power for the head-
lamp 1412. For example, the power supply 1420 may
comprise a direct current (DC)-to-DC converter that con-
verts the power from the power supply 1420 from a first
voltage to a second voltage for the lighting system 1414
of the headlamp 1412.

[0111] FIG. 15 illustrates an example lighting system
1500, according to some embodiments of the present
disclosure. For example, the lighting system 1400 (Fig.
14) may include one or more of the features of the lighting
system 1500. The lighting system 1500 may be imple-
mented in a headlamp, such as the headlamp 1412 (Fig.
14).

[0112] The lighting system 1500 may include a control
1502. The control 1502 may include comprise the CMOS
backplane 100 (Fig. 1). The control 1502 may be coupled
to a processor of system (such as the processor 1410
(Fig. 14)). The control 1502 may receive image data and
inquiries from the processor. The control 1502 may fur-
ther provide feedback to the processor.

[0113] The control 1502 may include a digital interface
1504. The digital interface 1504 may facilitate communi-
cation with the processor and other components within
the lighting system 1500. For example, the digital inter-
face 1504 may comprise an SPI interface in some em-
bodiments, where the SPI interface may facilitate com-
munication. In some embodiments, the digital interface
1504 may comprise the interfaces of the CMOS back-
plane 100 along with the multiplexer 118 (Fig. 1). In par-
ticular, the digital interface 1504 may include the UART
interface 110 (Fig. 1), the SPI 112 (Fig. 1), the I2C inter-
face 114 (Fig. 1), the parallel interface 116 (Fig. 1), the
8-bit to 10-bit conversion circuitry 120 (Fig. 1), and the
multiplexer 118 arranged as shown in Fig. 1. Further, the
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digital interface 1504 may include the UART interface
138 (Fig. 1) and the I12C interface 140 (Fig. 1).

[0114] The control 1502 may further include an image
processor 1506. The image processor 1506 may include
the CRC circuitry 122 (Fig. 1) and/or other elements with-
in the CMOS backplane 100 that process image data.
The image processor 1506 may receive the image data
via the digital interface 1504 and may process the image
data to produce indications of PWM duty cycles and/or
intensities of light for causing the light system 1500 to
produce the images indicated by the image data. The
image processor 1506 may further determine turn on
times in accordance with the approaches described here-
in and provide indications of the turn on times.

[0115] The control 1502 may further include a frame
buffer 1508 and a standby image storage 1510. The
frame buffer 1508 may comprise the frame buffer 126
(Fig. 1). Further, the standby image storage 1510 may
comprise the standby frame buffer 124 (Fig. 1). The frame
buffer 1508 may receive the indications produced by the
image processor 1506 and store the indications for im-
plementation. The standby image storage 1510 may fur-
ther store indications of PWM duty cycles, intensities of
light, and/or turn on times. The indications stored in the
standby image storage 1510 may be implemented in the
absence of indications stored in the frame buffer 1508.
For example, the frame buffer 1508 may retrieve the in-
dications from the standby image storage 1510 when the
frame buffer 1508 is empty.

[0116] The control 1502 may further include a PWM
generator 1512. The PWM generator 1512 may comprise
the PWM generator circuitry 132 (Fig. 1). In some em-
bodiments, the PWM generator 1512 may further include
the display buffer 130 (Fig. 1). The PWM generator 1512
may receive the indications from the frame buffer 1508
and may produce PWM signals in accordance with the
indications. The PWM generator 1512 may further deter-
mine intensities of light based on the indications and pro-
duce a signal to cause the intensities of light to be pro-
duced.

[0117] The lighting system 1500 may include a wnLED
array 1514. The pLED array 1514 may include a plurality
of pixels, where each of the pixels include a pixel unit
1516. The pLED array 1514 may comprise the light emit-
ting pixel array 102 (Fig. 1). In particular, the pixel unit
1516 may include an LED 1518, a PWM switch 1520,
and a current source 1522. The pixel unit 1516 may re-
ceive the signals from the PWM generator 1512. The
PWM signal from the PWM generator 1512 may cause
the PWM switch 1520 to open and close in accordance
with the value of the PWM signal. The signal correspond-
ing to the intensities of light may cause the current source
1522 produce a current flow to cause the LED 1518 to
produce the corresponding intensities of light. In some
embodiment, the pixel unit 1216 may include one or more
of the features of the pixel driver 200 (Fig. 2).

[0118] The lighting system 1500 may further include
an LED power supply 1524. The LED power supply 1524
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may be coupled to the power supply 1420 (Fig. 14) and
may receive power from the power supply 1420. The LED
power supply 1524 may produce power for the LEDs of
the wLED array 1514. The LED power supply 1524 may
be coupled to the wLED array 1514 and may provide the
power for the LEDs to the uLED array 1514.

[0119] FIG. 16 illustrates an example hardware ar-
rangement 1600 for implementing the system 1400 of
Fig. 14, according to some embodiments of the present
disclosure. In particular, the hardware arrangement 1600
may illustrate hardware components that may implement
the system 1400.

[0120] The hardware arrangement 1600 may include
an integrated LED 1608. The integrated LED 1608 may
include an LED die 1602 and a complementary metal
oxide semiconductor (CMOS) backplane 1604. The LED
die 1602 may be coupled to the CMOS backplane 1604
by one or more interconnects 1610, where the intercon-
nects 1610 may provide for transmission of signals be-
tween the LED die 1602 and the CMOS backplane 1604.
The interconnects 1610 may comprise one or more sol-
der bump joints, one or more copper pillar bump joints,
or some combination thereof.

[0121] The LED die 1602 may include circuitry to im-
plement the uLED array 1514 (Fig. 15). In particular, the
LED die 1602 may include a plurality of pixels of the uLED
array 1514. The LED die 1602 may include a shared ac-
tive layer and a shared substrate for the pLED array
1514, thereby having the pLED array 1514 be a mono-
lithic wLED array. Each pixel of the pLED array 1514 may
include an individual segmented active layer and/or sub-
strate. Accordingly, the LED die 1602 may be a monolithic
die that has a segmented surface with a corresponding
pixel of the wLED array 1514 occupying each segment
of the surface. In some embodiments, the LED die 1602
may further include the PWM switches and the current
sources of the wLED array 1514. In other embodiments,
the PWM switches and the current sources may be in-
cluded in the CMOS backplane 1604.

[0122] The CMOS backplane 1604 may include circuit-
ry to implement the local control 1502 (Fig. 15) and the
LED power supply 1524 (Fig. 15). The CMOS backplane
1604 may utilize the interconnects 1610 to provide the
wLED array 1514 with the PWM signals and the signals
for the intensity for causing the wLED array 1514 to pro-
duce light in accordance with the PWM signals and the
intensity.

[0123] The hardware arrangement 1600 may further
include a board 1606. The board 1606 may include cir-
cuitry to implement the power protection 1416 (Fig. 14),
the power supply 1420 (Fig. 14), the processor power
1418 (Fig. 14), the sensor module 1406 (Fig. 14), the
transceiver 1408 (Fig. 14), the processor 1410 (Fig. 14),
or portions thereof. The board 1606 may be coupled to
the CMOS backplane 1604. For example, the board 1606
may be coupled to the CMOS backplane 1604 via one
or more wirebonds 1612 in the illustrated embodiment.
The board 1606 and the CMOS backplane 1604 may
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exchange image data, power, and/or feedback via the
coupling, among other signals.

[0124] Many modifications and other embodiments of
the invention will come to the mind of one skilled in the
art having the benefit of the teachings presented in the
foregoing descriptions and the associated drawings.
Therefore, it is understood that the invention is not to be
limited to the specific embodiments disclosed, and that
modifications and embodiments are intended to be in-
cluded within the scope of the appended claims. It is also
understood that other embodiments of this invention may
be practiced in the absence of an element/step not spe-
cifically disclosed herein.

EXAMPLES

[0125] The following examples are provided by way of
illustration.

Example 1 may include a light emitting diode (LED)
controller for an LED pixel array, comprising an in-
terface to an external data bus, a connection to a
dynamic power supply for providing power to an LED
pixel array, an image frame buffer connected to the
interface to receive image data and provide it to the
LED pixel array, acommand and control module con-
nected to the serial interface and configured to mod-
ify image frame buffer output signals, and a calibra-
tion data storage module connected to the command
and control module to store calibration data related
to pixel voltage response in the LED pixel array and
enable modification of voltage provided by the dy-
namic power supply to the LED pixel array at least
in part based on the image presented by the LED
pixel array.

Example 2 may include the LED controller for an
LED pixel array of example 1, further comprising a
standby image buffer connected to the image frame
buffer to hold a default image.

Example 3 may include the LED controller for an
LED pixel array of example 1, further comprising a
pulse width modulator connected between theimage
frame buffer and the LED pixel array.

Example 4 may include the LED controller for an
LED pixel array of example 1, wherein the image
frame buffer can refresh held images at 60Hz or
greater speed.

Example 5 may include the LED controller for an
LED pixel array of example 1, wherein the command
and control module is connected to an ADC that re-
ceives temperature data.

Example 6 may include the LED controller for an
LED pixel array of example 1, wherein the command
and control module is connected to an ADC that re-
ceives Vf data.

Example 7 may include the LED controller for an
LED pixel array of example 1, wherein the command
and control module is connected to an DAC that re-
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ceives Vbias data.

Example 8 may include the LED controller for an
LED pixel array of example 1, wherein the command
and control module is connected to a second inter-
face providing external control signals.

Example 9 may include the LED controller for an
LED pixel array of example 1, wherein the command
and control module includes a bypass line connected
to the LED pixel array to allow individual pixel ad-
dressing.

Example 10 may include the LED controller for an
LED pixel array of example 1, whereinimages in the
image buffer can be partially refreshed.

Example 11 may include the LED controller for an
LED pixel array of example 1, whereinimages in the
image buffer can be differentially refreshed.
Example 12 may include the LED controller for an
LED pixel array of example 1, whereinimages in the
image buffer can be modified by the command and
control module.

Example 13 may include the LED controller for an
LED pixel array of example 1, wherein the LED pixel
array is a segmented pixel array.

Example 14 may include the LED controller for an
LED pixel array of example 1, wherein the LED pixel
array is a microLED pixel array.

Example 15 may include a PC board for an LED con-
troller and LED pixel array, comprising a top PC
board layer providing connection to a CMOS con-
troller and LED pixel array, with the top PC board
layer having a connection to a dynamic power supply
for providing power to an LED pixel array, a bottom
PC board layer connected through vias to the top
PC board layer and the dynamic power supply, and
at least one inner PC board layer arranged to carry
signals.

Example 16 may include the PC board for an LED
controller and LED pixel array of example 15, further
comprising an inner PC board having a digital ground
plane.

Example 17 may include the PC board for an LED
controller and LED pixel array of example 15, further
comprising an inner PC board having a separate an-
alog ground.

Example 18 may include a light emitting diode (LED)
controller for an LED pixel array, comprising an in-
terface to receive image data for an image to be pro-
duced by the LED pixel array, a data storage module
for storing calibration data related to the LED pixel
array, and a control module coupled to the interface
and the data storage module, the control module to
receive the calibration data from the data storage
module and modify the image data based on the cal-
ibration data.

Example 19 may include the LED controller of ex-
ample 18, wherein to modify the image data includes
to modify a signal of the image data or to modify a
power of the image data.
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Example 20 may include the LED controller of ex-
ample 18, wherein to modify the image data includes
to modify a power of the image data via pulse width
modulation or power gating.

Example 21 may include the LED controller of ex-
ample 18, further comprising an image frame buffer
coupled to the interface, the image frame buffer to
store the image data received from the interface,
wherein the control module is to modify the image
data at an output of the image frame buffer.
Example 22 may include the LED controller of ex-
ample 18, wherein the control module includes a dig-
ital to analog converter (DAC), the DAC to be utilized
to set a bias voltage for an active matrix of the LED
pixel array.

Example 23 may include the LED controller of ex-
ample 18, wherein the control module includes an
analog to digital converter (ADC), the ADC to be uti-
lized to determine a maximum forward voltage for
the LED pixel array.

Example 24 may include the LED controller of ex-
ample 18, wherein the control module includes an
analog to digital converter (ADC), the ADC to be uti-
lized to determine a temperature of a system that
includes the LED controller.

Example 25 may include the LED controller of ex-
ample 18, further comprising an oscillator coupled
between the control module and an active matrix for
the LED pixel array, the oscillator to set a pulse width
modulation oscillation frequency for the active ma-
trix.

Example 26 may include the LED controller of ex-
ample 25, wherein the oscillator is to globally set the
pulse width modulation oscillation frequency for the
active matrix.

Example 27 may include the LED controller of ex-
ample 18, wherein the control module is coupled to
an active matrix of the LED pixel array via a bypass
line, and wherein the bypass line is to be utilized to
address individual pixels or pixel blocks of the active
matrix.

Example 28 may include the LED controller of ex-
ample 18, further comprising a dummy pixel driver
coupled to the control module and an active matrix
of the LED pixel array, the dummy pixel driver to be
utilized to address individual pixels or pixel blocks of
the active matrix.

Example 29 may include the LED controller of ex-
ample 18, wherein the calibration data includes pixel
voltage response data for the LED pixel array.
Example 30 may include the LED controller of ex-
ample 18, further comprising a connection to be con-
nected to a dynamic power supply, the dynamic pow-
er supply to provide power to the LED pixel array,
wherein the LED controller can modify a voltage pro-
vided by the dynamic power supply based on mod-
ification of the image data.

Example 31 may include the LED controller of ex-
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ample 18, further comprising a standby image buffer
to store default image data for a default image to be
produced by the LED pixel array, wherein the control
module is coupled to the standby image buffer and
the control module is to modify the default image
data based on the calibration data.

Example 32 may include the LED controller of ex-
ample 18, wherein the interface is a first interface,
wherein the LED controller includes a second inter-
face coupled to the control module, wherein the con-
trol module is to receive external control signals via
the second interface, and wherein the external con-
trol signals are to provide for external control of the
control module.

Example 33 may include a control for a light emitting
pixel array, comprising a frame buffer to store image
data, the image data to be utilized to drive pixels of
the light emitting pixel array, a universal asynchro-
nous receiver/transmitter (UART) interface coupled
to the frame buffer, the UART interface to receive
the image data from an external element, and con-
version circuitry coupled to the UART interface,
wherein the conversion circuitry is to receive the im-
age data in a first bit length from the UART interface
and translate the image data into a second bit length
to be provided to the frame buffer.

Example 34 may include the control of example 33,
wherein the conversion circuitry is to utilize a piece-
wise linear interpolation curve to translate the image
data from the first bit length to the second bit length.
Example 35 may include the control of example 33,
wherein the first bit length is 8 bits, and wherein the
second bit length is 10 bits.

Example 36 may include the control of example 33,
further comprising a multiplexer coupled between
the UART interface and the frame buffer, the multi-
plexer to select an interface from a plurality of inter-
faces to be coupled to the frame buffer to provide
the image data to the frame buffer, wherein the plu-
rality of interfaces includes the UART interface.
Example 37 may include the control of example 36,
further comprising cyclic redundancy check (CRC)
circuitry coupled between the multiplexer and the
frame buffer, the CRC circuitry to perform a CRC on
the image data output by the multiplexer.

Example 38 may include the control of example 33,
further comprising a standby frame buffer to store
defaultimage data, wherein the standby frame buffer
and the frame buffer are coupled in parallel between
the UART interface and a multiplexer, and wherein
the multiplexer is to select which of the frame buffer
or the standby frame buffer is to be coupled to the
light emitting pixel array.

Example 39 may include the control of example 38,
further comprising a display buffer to be coupled be-
tween the multiplexer and the light emitting pixel ar-
ray, wherein the display buffer is to store an output
of the multiplexer, the output to be utilized to drive
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the pixels of the light emitting pixel array.

Example 40 may include a lighting system, compris-
ing a light emitting pixel array having a plurality of
pixels to emit light, and a control coupled to the light
emitting pixel array, the control including a universal
asynchronous receiver/transmitter (UART) interface
to receive image data, the image data to be utilized
to drive the pixels of the light emitting pixel array,
and conversion circuitry coupled to the UART inter-
face, wherein the image data received by the UART
interface has a first bit length, and wherein the con-
version circuitry is to translate the image data from
the first bit length to a second bit length.

Example 41 may include the lighting system of ex-
ample 40, wherein the conversion circuitry is to utilize
a piece-wise linear interpolation curve to translate
the image data from the first bit length to the second
bit length.

Example 42 may include the lighting system of ex-
ample 40, wherein the first bit length is 8 bits, and
wherein the second bit length is 10 bits.

Example 43 may include the lighting system of ex-
ample 40, wherein the control further includes a pixel
driver having a switch coupled between a light emit-
ting diode (LED) of the light emitting pixel array and
a current source for powering the LED, and a bidi-
rectional switch coupled between the switch and the
LED, wherein the bidirectional switch is to inject a
small current into the LED for characterization or test
purposes.

Example 44 may include the lighting system of ex-
ample 43, wherein the bidirectional switch is further
to be utilized for monitoring a forward voltage of the
LED.

Example 45 may include the lighting system of ex-
ample 40, wherein the control further includes a pixel
driver having a field effect transistor (FET) to be cou-
pled between a light emitting diode (LED) of the light
emitting pixel array and a current source for powering
the LED, and an operational amplifier with an output
of the operational amplifier coupled to a gate of the
FET, wherein a first input of the operational amplifier
is to receive a reference voltage and a second input
of the operational amplifier is coupled to the current
source, wherein the operational amplifier is to set a
maximum current to be provided to the LED.
Example 46 may include the lighting system of ex-
ample 40, wherein the control further includes a pixel
driver to drive a light emitting diode (LED) of the light
emitting pixel array, and a fault detection circuit to
be selectively coupled between the pixel driver and
the LED, wherein the fault detection circuit is to de-
termine whether there is a fault in the pixel driver or
the LED.

Example 47 may include the lighting system of ex-
ample 46, wherein the fault detection circuit includes
afirst comparator to compare an open threshold volt-
age with a forward voltage of the LED to determine
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whetherthe LED is open orthe pixel driveris shorted,
and a second comparator to compare a short thresh-
old voltage with the forward voltage of the LED to
determine whether the LED is shorted or the pixel
driver is open.

Example 48 may include the lighting system of ex-
ample 46, wherein the LED is a first LED and the
pixel driver is a first pixel driver, wherein the control
further includes a second pixel driver to drive a sec-
ond LED of the light emitting pixel array, wherein the
fault detection circuit is to be selectively coupled be-
tween the second pixel driver and the second LED,
and wherein the fault detection circuit is determine
whether there is a fault in the second pixel driver or
the second LED.

Example 49 may include the lighting system of ex-
ample 40, wherein the control further includes over
temperature protection (OTP) circuitry coupled to
one or more temperature sensors of the light emitting
pixel array, and wherein the OTP circuitry is to de-
termine whether a temperature of the light emitting
pixel array exceeds a threshold temperature.
Example 50 may include a hardware arrangement
for a lighting system, comprising a light emitting di-
ode (LED) die having a light emitting pixel array, a
board to couple the hardware arrangement to an ex-
ternal system, and a complementary metal oxide
semiconductor (CMOS) backplane coupled to the
LED die and the board, the CMOS backplane to pro-
vide image data to the LED die to cause the light
emitting pixel array to present an image, wherein the
CMOS backplane includes a universal asynchro-
nous receiver/transmitter (UART) interface coupled
to the board, the UART to receive the image data
from the board, and conversion circuitry coupled to
the UART interface, wherein the conversion circuitry
is to receive the image data in a first bit length from
the UART interface and translate the image data into
a second bit length to be utilized for driving LEDs of
the light emitting pixel array.

Example 51 may include the hardware arrangement
of example 50, wherein the conversion circuitry is to
utilize a piece-wise linear interpolation curve to trans-
late the image data from the first bit length to the
second bit length.

Example 52 may include the hardware arrangement
of example 50, wherein the first bit length is 8 bits,
and wherein the second bit length is 10 bits.

Claims

1.

A control for a light emitting pixel array, comprising:

a frame buffer to store image data, the image
datato be utilized to drive pixels of the light emit-
ting pixel array;

a universal asynchronous receiver/transmitter
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(UART) interface coupled to the frame buffer,
the UART interface to receive the image data
from an external element; and

conversion circuitry coupled to the UART inter-
face, wherein the conversion circuitry is to re-
ceive the image data in a first bit length from the
UART interface and translate the image data in-
to a second bit length to be provided to the frame
buffer.

The control of claim 1, wherein the first bit length is
6 bits, and wherein the second bit length is 10 bits.

The control of claim 1, further comprising a multi-
plexer coupled between the UART interface and the
frame buffer, the multiplexer to select an interface
from a plurality of interfaces to be coupled to the
frame buffer to provide the image data to the frame
buffer, wherein the plurality of interfaces includes the
UART interface.

The control of claim 3, further comprising cyclic re-
dundancy check (CRC) circuitry coupled between
the multiplexer and the frame buffer, the CRC cir-
cuitry to perform a CRC on the image data output by
the multiplexer.

The control of claim 1, further comprising a standby
frame buffer to store defaultimage data, wherein the
standby frame buffer and the frame buffer are cou-
pled in parallel between the UART interface and a
multiplexer, and wherein the multiplexer is to select
which of the frame buffer or the standby frame buffer
is to be coupled to the light emitting pixel array.

A lighting system, comprising:

a light emitting pixel array having a plurality of
pixels to emit light; and

a control coupled to the light emitting pixel array,
the control including:

a universal asynchronous receiver/trans-
mitter (UART) interface to receive image
data, the image data to be utilized to drive
the pixels of the light emitting pixel array;
and

conversion circuitry coupled to the UART
interface, wherein the image data received
by the UART interface has a first bit length,
and wherein the conversion circuitry is to
translate the image data from the first bit
length to a second bit length.

The lighting system of claim 6, wherein the conver-
sion circuitry is to utilize a piece-wise linear interpo-
lation curve to translate the image data from the first
bit length to the second bit length.
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The lighting system of claim 6, wherein the first bit
length is 8 bits, and wherein the second bit length is
10 bits.

The lighting system of claim 6, wherein the control
further includes a pixel driver having:

a switch coupled between a light emitting diode
(LED) of the light emitting pixel array and a cur-
rent source for powering the LED; and

a bidirectional switch coupled between the
switch and the LED, wherein the bidirectional
switch is to inject a small current into the LED
for characterization or test purposes.

The lighting system of claim 9, wherein the bidirec-
tional switch is further to be utilized for monitoring a
forward voltage of the LED.

The lighting system of claim 6, wherein the control
further includes a pixel driver having:

a field effect transistor (FET) to be coupled be-
tween a light emitting diode (LED) of the light
emitting pixel array and a current source for pow-
ering the LED; and

an operational amplifier with an output of the op-
erational amplifier coupled to a gate of the FET,
wherein a first input of the operational amplifier
is to receive a reference voltage and a second
input of the operational amplifier is coupled to
the current source, wherein the operational am-
plifier is to set a maximum current to be provided
to the LED.

12. The lighting system of claim 6, wherein the control

further includes:

a pixel driver to drive a light emitting diode (LED)
of the light emitting pixel array; and

a fault detection circuit to be selectively coupled
between the pixel driver and the LED, wherein
the fault detection circuit is to determine whether
there is a fault in the pixel driver or the LED.

13. The lighting system of claim 12, wherein the fault

detection circuit includes:

afirst comparator to compare an open threshold
voltage with a forward voltage of the LED to de-
termine whether the LED is open or the pixel
driver is shorted; and

asecond comparator to compare a short thresh-
old voltage with the forward voltage of the LED
to determine whether the LED is shorted or the
pixel driver is open.

14. A hardware arrangement for a lighting system, com-
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prising:

a light emitting diode (LED) die having a light
emitting pixel array;

a board to couple the hardware arrangement to
an external system; and

a complementary metal oxide semiconductor
(CMOS) backplane coupled to the LED die and
the board, the CMOS backplane to provide im-
age data to the LED die to cause the light emit-
ting pixel array to present an image, wherein the
CMOS backplane includes:

a universal asynchronous receiver/trans-
mitter (UART) interface coupled to the
board, the UART to receive the image data
from the board; and

conversion circuitry coupled to the UART
interface, wherein the conversion circuitry
is to receive the image data in a first bit
length from the UART interface and trans-
late the image data into a second bit length
to be utilized for driving LEDs of the light
emitting pixel array.

15. The hardware arrangement of claim 14, wherein the
conversion circuitry is to utilize a piece-wise linear
interpolation curve to translate the image data from
the first bit length to the second bit length.



EP 3 913 611 A1

104 VLED LSH[1:0] VLED_PER[1:0] VLED[33:0]
v 0 ' 0
ST o o T
REF 1443 : - 144b
VDDA SoURCER> VREF “[T] PIXELMATRIX [TH/]
106 R o
couTi—{ L0 RXVana : 5
XTAL+ 5 :
PLL : :
XTAL- 20 ; :
VIO 110 CLKpy, J ;
RX ; ;
T B 10BIT Brnnrunrnanaaaansn o
UART_HS_IDO 199 1dde /—144d
T2~ I_ g %
MOS%S(?I%E QUAD CRC PWM GENERA+TOR DIMMING
M|So/%|o1 INTESE{PIJACE CHECK GROUP LEVEL SHIFTER  [NH132
% Sl e—
114~ DISPLAY BUFFER N .,
nEAYS 125 STANDBY| )
116\ >
L PARALLEL >
MAIN ‘J
D[9:1] SINEME, N1 128
VSYNC = VSYNC
2 134~
RXD VF_HIGH v
UART_LS TI)IZ()? el < f‘OVr\\/llllyADROA\'/I'VOR
LS. INTERFACE < C
UART_LS_IDO VF_LOW
SDA 2c
SCL INTERFACE CONTROL « VFOUT
rest REGISTERS| ADC VLED
FAIL 140 — ADC TEMP SENSE [3:0]
V2P8 ] = 2AC TBihs [ ans
vPPH— OTP — ADC
/ 148~_|DUMMY
136 N PIXEL
1 | ™ D 1 Ir

_D |- J |-
VSSD[:0] VSSAP[T0] VSSIO VSSS VSSA

FIG. 1

22

J L L
IWITNESS REXT VCAT[33:0] VFOUT



EP 3 913 611 A1

1VOA

WA 207

NVA

(g
Ll

¢ 9Old

4AC

HCISSA

91¢ _

<t
-
N

SH
(I

YING'E - XVIN 21

X

1

334A
e

_
|
HH/IOFN

1

~@>>a

902
TNLEY
008
comﬂ 1dOLY
il ¥IANA 13XId
ag 0T

X—00z

23



EP 3 913 611 A1

VLED
302~]_
PIXEL
DRIVER y 300
FAULT DETECTION CIRCUIT
PIXEL SEL 308
312
VF & (f ® } +
A / o OPEN
OPEN_TH [
& -
304 —O SHORT
uLED \SZ\\ SHORT_TH— +
Y
316+ 31/: 310
\;’\ DISCHARGE

FIG. 3

24



EP 3 913 611 A1

7T\

1

PWM

BIAS ———— |

FIG. 4

25



EP 3 913 611 A1

G Old

1vOA

809
NVA

T HCISSA
S
¥ O E—

A L

1

Mwmm>

9l P

_
VING'€ - XYIN[ Rz g 905

=
/

WMd
01§ M/
¥0SG

JNLEY

0006

1d01d

]
L
—
>
N
(el
o
o
(el
o

26



EP 3 913 611 A1

OSONMd

EIND)

m X029
N
Kol
|
v > N » 1)
A
—<b
-
] — SSVdAg
— AMd SSYdAg < 01901 |e— 103738 NWN100
_ mmozmm_zm@ T e 193735 MOY
— A_ e 6 V}e 950 WMd
W __| <« v1iva
rd 0l
AI" ~— ST
]
oa1
031, < . 009

27



VEHICLE

710~

EP 3 913 611 A1

712~

INPUT FILTER }
&

| LED

DC/DC

730~

POWER

704

VEHICLE
BUS

| PROTECTION

720~

BUS

706~

TRANSCEIVER

LOGIC LDO

uC

SENSOR
MODULE

800~

Vop

810~

7227

FIG. 7

ACTIVE
HEAD-LAMP

830~

PIXEL

LED

POWER_VSS |

LED
POWER
DISTRIBUTION
& MONITOR

812

SCLK ———
MOS| ———>
MISO €«——

§§ ————>

814~

818~

SPI
INTERFACE

Y

FRAME
BUFFER

PWM GEN

V4

A

y

A

SCL —>

STANDBY
IMAGE

| 816

LOGIC &
CONTROL

SDA €——>

/
820

FIG. 8

28



EP 3 913 611 A1

JAOHLYOIA 3p SVIEp
— HHHHHHHHH 1
n
“  sauom
] NOILYHEITvD
A T04INOD
< ANYIINOD
m<_m> j r.n_Q_.Z_HE
. o - N_
“OSONMd 980
XIHLYIN IAILOY < i S
|
|
v
|
! . ING INVI AGLS Je—>
|
|
! - : - LN
N R | ANGINVEL [ [ T5a
“ y 7y
_ ss3yaay
! ¥344N8 IV
P
T gaavion N E D
—- ss¥aav  [© Hy3amod
Tdaav mog 51907
(<)
i \_/ _._._
——— HHHHHHHHH] {1
a3A 1S3IA

108
vas

A0
3S
OSIN
ISON

29



VSYNC

DE/WS
D0/SD
D1:D9
PCLK/SCK
RX

UART HS IDD

QCS
QSCK
MOSI/QIO0
MISO/QIO1
Ql02

QIO3

UART_LS ID1
UART_LS DO
RXD
TXD

SDA
SCL
VDD
VIO
VDDA
CcouT

EP 3 913 611 A1

30

COL COUNTER
X0SC i
=
S|  STBY FRAME BUFFER
_D_>8
PLL =
@
[a'd
' i
CLK COL COUNTER
PLL >
L
=
> FRAME BUFFER
—>—3
=
2
128
INTERFACE| |, . !
! T 10 DATA
T e s SR O
CLOCK LA
—p ! -
[ uarT __[>__|\!\10
INTERFACE !
|
i
!
|
QUADSPI | _ . _._ i VE
INTERFACE PASSIFAIL
UART . I
PWMOSC
ENABLE > 0sC [ :@
Vv
DAC\ y BIAS >@
I2C LED
B > CONTROL & Ve _@
| INTERFACE Starag. | ADC =
WATCHDOG —=7____ .°_|
CALIBRATION DUMMY
WORDS e 4 | PIXEL
ADC DRIVER
O :
o
2885 8 e §



EP 3 913 611 A1

VLED
® L

COLADDR,
| - COLUMN SELECT
HSYNC
GEN
VSYNC 1 x
GEN 1] 54
ROWADDR || &5
- CS
g —H1+——RS PIXEL EEEE— B
O
o i
!
______ FHH---

(NN ——
VCAT

FIG. 10B

31



EP 3 913 611 A1

1Iv4

Vil "Old

F——————— >

d3TI04INOD
d10

<« dio ]

A
Y

3114

ALINMIEYLS3L

NOILO310ud

11NV

43TI04INOD
dN.LyvLS

d318193d

A

ANVTS
acl

—_wvn |«

A

0¥344nd
JAVYS

} ¥4344N49
JNVYS

[

d344n9
Eli\asE

M03HO
0):[0)

MUX

d344nd
AGANVLS

AAY1S
IdS dvNO

J B,

A

JOV443LNI
VIVQ e
137Tvdvd

- —--

JOV4HLNI
acl

Ldvn
MO1S

JOVAHIALNI
|dS

JOV4HILNI

d3ZIvI¥3Ss-34d

sal

1dvn
d334S HOH

JILSONOYIA
anv
TOYINOD

vivd
O3dIA

32



EP 3 913 611 A1

d3ANA
a3

dil 'Old

73S 109
73S MOY
sSnd Nmd

N3O

33



EP 3 913 611 A1

f@®. ¢ ©006000060 0o —m—m—= 5% o By || ¥
©® © oo, PP = G ] 50
: o °.F 0.0.0 I'r;_‘j p O 2 O ° l
-]
lloo y 4°0T0 0,0,0,0,0,0,0,0 .oo.l:.“-:“:”? O oy :
.© oooooooo 00000000 O,
E p |
I| of i
i| =l & o I I I / |
I | | | o |
i Il %
I I =N\ Il | 22.00
| | I ® |,
| ' I 0 B\
| | | |
s i
X o0 c |
| O =2(0 J : : : : : : : : : o.o.o.::o.o. O O = |
| (0]
i NSO € ® ol v 2% e °@@@@ g :
|l o ° o = ®0 |
e ——————————— L 2
lat 30 nl
Yy

22.00

FIG. 12B

34



EP 3 913 611 A1

[-X-]

®e

@O

®

®

®

®

®

® 22.00

®

%

®

88338838 39989588 ©

©® ¢ oo o

®

FIG.12C
1230\
- 30 .
Simiminis mimeT=iRTETR TR TR TSk
INIRINI R
s R
THERMAL 22.00
® e
. O 0600 POPOOOO o°

®
el |l e o200 :

FIG. 12D

35



EP 3 913 611 A1

1300\ 13;02

o © o

=

—
é

>

—

o FANNN00N0OON00°

.. [ONO OASNRD -@®o@@
o | IOr= X
1310~
©®®®o°o°°=%|..%q°|°°°°°°°° = & 0 °°°°°:O
. =
oD O Haveoeecs |l amss TS
o oMl (15160010700 01 1070 0 00000
E' Feee——————sssss——— 9
2 o :
|
|
|
| THERMAL :
| :
. |
.. ® ® o@©¢@@
o > ® 0
[
131

2
FIG. 13B

36



EP 3 913 611 A1

(®)
o NOLIUOOOMEIIOAL] o o 000’
o | A REEN 2= S ﬁ//.ﬁ\\ SrAN:
O ] ER— \ O
o= [ €8 O ®_”_ Prke il b6
) °,|— ,,,,,,,,,,,,,,,,,,,,,,,,,,, o &
il . e gl
Q! ; _ N X0,
I .
THy! A TN AT
ool Deel =N N S o8| ) Bl
8 | B L] C e i | B
o off [ OXEE ! oo\l = IN>_]esE! | ESS
S =z B ™ =l 1 3
° ! < 32 - T N 5= ! | BOX
- [ i ou [ _. l(u_ . _mWn.VMO
° I | ] a [ J &% N —4 1
. ! T { ol ey 1 8 B89 (|
° _ = | S ﬁ G i %w“  Eod | .
o l XL . oy (= =] WBEE | B -
o _ ! RS - L — ] B3
° " “J\I A I- u“ | B -I
-] = =
O O — = |
oL B | o [ JgsT! B
HHHS® | oy o ] 6 | S a0
o O @D OOI‘O O O @
° e == % o) BB
S . —apatan] 20 e g
© o o o_w

1320\

FIG. 13D

37

1330~



EP 3 913 611 A1

1400'\
1404 1416~ 1420~
POWER POWER
PROTECTION SUPPLY
1418~
PROCESSOR
POWER
1402 1408~ 1410~
TRANSCEIVER PROCESSOR
1406~
SENSOR
MODULE
1524~
LED POWER SUPPLY
1502~
CONTROL
1504~
DIGITAL INTERFACE
1506~ 1512~
IMAGE PWM
PROCESSOR GENERATOR
1510~ 1508~
STANDBY IMAGE
STORAGE FRAME BUFFER

FIG. 15

38

1412~
HEADLAMP
1414~
LIGHTING SYSTEM
1514~
MATRIX OF PIXELS
1516~
PIXEL UNIT
1518
)
1520
1522




EP 3 913 611 A1

1608
1602 1604
1610\| LEDDIE | /
o 1612
CMOS BACKPLANE

FIG. 16

39



10

15

20

25

30

35

40

45

50

55

EP 3913 611 A1

des

Européisches
Patentamt

European

Patent Office

ce européen
brevets

EPO FORM 1503 03.82 (P04C01) PN

EUROPEAN SEARCH REPORT

Application Number

EP 20 17 5424

DOCUMENTS CONSIDERED TO BE RELEVANT

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
Y US 2020/084854 Al (BONNE RONALD [US] ET 1-8,14, [ INV.
AL) 12 March 2020 (2020-03-12) 15 G09G3/30
* paragraphs [0002], [0026] - [0042]; G09G3,/00
claim 1; figures 2-5 * F21S41/00
----- HO5B45/00
Y US 2003/231195 Al (UENO SATOSHI [JP] ET 1-8,14,
AL) 18 December 2003 (2003-12-18) 15
* paragraphs [0003] - [0025], [0168] -
[0180]; figures 1,11 *
Y US 20117134133 Al (SHIGENAGA SATOSHI [JP])|3,4
9 June 2011 (2011-06-09)
* paragraphs [0029], [0032]; figure 1 *
Y US 2012/036418 Al (MORINO HARUMI [JP] ET |4

AL) 9 February 2012 (2012-02-09)
* paragraphs [0050] - [0052]; figure 1 *

TECHNICAL FIELDS
SEARCHED (IPC)

GO9G
HO5B
F21S

Place of search

Munich

Date of completion of the search

2 October 2020

Examiner

Giancane, lacopo

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date
D : document cited in the application
L : document cited for other reasons

O : non-written disclosure
P : intermediate document

& : member of the same patent family, corresponding
document

40




10

15

20

25

30

35

40

45

50

55

EP 3913 611 A1

Européisches
Patentamt

European . :
Pater':t Office Application Number

Office européen

des brevets EP 20 ].7 5424

CLAIMS INCURRING FEES

The present European patent application comprised at the time of filing claims for which payment was due.

Only part of the claims have been paid within the prescribed time limit. The present European search
report has been drawn up for those claims for which no payment was due and for those claims for which
claims fees have been paid, nhamely claim(s):

No claims fees have been paid within the prescribed time limit. The present European search report has
been drawn up for those claims for which ho payment was due.

LACK OF UNITY OF INVENTION

The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

see sheet B

All further search fees have been paid within the fixed time limit. The present European search report has
been drawn up for all claims.

[

As all searchable claims could be searched without effort justifying an additional fee, the Search Division
did not invite payment of any additional fee.

[

Only part of the further search fees have been paid within the fixed time limit. The present European
search report has been drawn up for those parts of the European patent application which relate to the
inventions in respect of which search fees have been paid, namely claims:

[

None of the further search fees have been paid within the fixed time limit. The present European search
report has been drawn up for those parts of the European patent application which relate to the invention
first mentioned in the claims, namely claims:

1-8, 14, 15

D The present supplementary European search report has been drawn up for those parts
of the European patent application which relate to the invention first mentioned in the
claims (Rule 164 (1) EPC).

41



10

15

20

25

30

35

40

45

50

55

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

EP 3913 611 A1

LACK OF UNITY OF INVENTION
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. claims: 1-8, 14, 15

A control for a light emitting pixel array, comprising:a
frame buffer to store image data, the image data to be
utilized to drive pixels of the light emitting pixel array;a
universal asynchronous receiver/transmitter (UART) interface
coupled to the frame buffer, the UART interface to receive
the image data from an external element; andconversion
circuitry coupled to the UART interface, wherein the
conversion circuitry is to receive the image data in a first
bit length from the UART interface and translate the image
data into a second bit length to be provided to the frame
buffer, further comprising a multiplexer coupled between the
UART interface and the frame buffer, the multiplexer to
select an interface from a plurality of interfaces to be
coupled to the frame buffer to provide the image data to the
frame buffer, wherein the plurality of interfaces includes
the UART interface.

2. claims: 9-13

A Tighting system, comprising:the light emitting pixel array
having a plurality of the pixels to emit Tight; andthe
control of claim 1 coupled to the Tight emitting pixel
array, wherein the image data received by the UART interface
has the first bit length, and wherein the conversion
circuitry is to translate the image data from the first bit
length to the second bit length, wherein the control further
includes a pixel driver having:a switch coupled between a
light emitting diode (LED) of the light emitting pixel array
and a current source for powering the LED; anda
bidirectional switch coupled between the switch and the LED,
wherein the bidirectional switch is to inject a small
current into the LED for characterization or test purposes.
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