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surface area. The light module printed circuit board is
configured to electrically connect to the control printed
circuit board at the aperture to allow light from the light
module printed circuit board to pass through the aperture.
The light module printed circuit board includes a second
number of printed circuit board layers. The light module
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number of printed circuit board layers is greater than the
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1
LIGHT MODULE APERTURE FOR PRINTED
CIRCUIT BOARD INTEGRATION

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application No. 62/939,833, filed Nov. 25, 2019, the
entire content of which is hereby incorporated by reference.

FIELD

Embodiments described herein relate to a connection
between a control printed circuit board and a light module
printed circuit board.

SUMMARY

Lighting systems used in theaters or on concert stages
typically include a plurality of light fixtures or lighting
devices. Each light fixture includes a control printed circuit
board connected to one or more light module printed circuit
boards via physical wires. The presence of these connecting
wires in the light fixture increases the size of the light fixture,
increases the manufacturing complexity of the light fixture,
and hinders the performance of the light fixture (e.g.,
reduced signal quality due to the length of the physical
wires).

Embodiments described herein provide a light fixture for
producing a light output. The light fixture includes a control
printed circuit board and a light module printed circuit
board. The control printed circuit board includes an aperture
and a first number of printed circuit board layers. The control
printed circuit board has a first surface area. The light
module printed circuit board is configured to electrically
connect to the control printed circuit board at the aperture to
allow light from the light module printed circuit board to
pass through the aperture. The light module printed circuit
board includes a second number of printed circuit board
layers. The light module printed circuit board has a second
surface area. The first number of printed circuit board layers
is greater than the second number of printed circuit board
layers. The first surface area is larger than the second surface
area.

Such a connection between the light module printed
circuit board and the control printed circuit board enables
the light module printed circuit board to be directly coupled
to the control printed circuit board (e.g., via a plurality of
conductive traces). As a result, wiring needed to electrically
connect the light module printed circuit board to the control
printed circuit board is reduced or eliminated. Additionally,
manufacturing time is also reduced by reducing or elimi-
nating the time required for wiring the light module printed
circuit board to the control printed circuit board.

Additionally, due to the control printed circuit board
having a first number of printed circuit board layers (e.g., a
plurality of layers) and the light module printed circuit board
having a second number of printed circuit board layers (e.g.,
a single layer), the thermal properties of the light module
printed circuit board are at least maintained while the quality
of the signals received from the control printed circuit board
is improved. This is due to multiple layer printed circuit
boards generally providing improved signal quality (e.g.,
due to better shielding) and single layer printed circuit
boards generally having improved thermal properties. Signal
quality is also improved by eliminating the physical wires
between the light module printed circuit board and the
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control printed circuit board (i.e., by directly connecting the
light module printed circuit board to the control printed
circuit board).

Furthermore, the number of components disposed on the
light module printed circuit board may be reduced. This is
due to driver circuits and circuit routing being offloaded to
the control printed circuit board as opposed to being dis-
posed on the light module printed circuit board. For
example, the light module printed circuit board does not
include wire-to-board connectors, jumpers, or zero ohm
resistors.

In some aspects, the light module printed circuit board is
directly coupled to the control printed circuit board to allow
light from the light module printed circuit board to pass
through the aperture.

In some aspects, the light module printed circuit board is
directly coupled to the control printed circuit board via a
plurality of conductive traces.

In some aspects the second number of printed circuit
board layers includes a single printed circuit board layer.

In some aspects, the light fixture further includes a driver
circuit configured to drive one or more light sources located
on the light module printed circuit board.

In some aspects, the driver circuit is located on the control
printed circuit board.

In some aspects, the aperture is smaller than the second
surface area of the light module printed circuit board.

In some aspects, the light module printed circuit board is
manufactured from a material selected from the group
consisting of: aluminum, copper, and ceramic.

In some aspects, the control printed circuit board is
manufactured from epoxy resin.

In some aspects, the aperture is located at an edge of the
control printed circuit board.

In some aspects, the aperture is square-shaped.

In some aspects, the aperture is circularly-shaped.

In some aspects, the light fixture further includes a second
light module printed circuit board configured to electrically
connect to the control printed circuit board at a second
aperture, and the second light module printed circuit board
includes the second number of printed circuit board layers.

In some aspects, the light module printed circuit board has
the second surface area.

In some aspects, the aperture is located at an edge of the
control printed circuit board.

In some aspects, the second aperture is located away from
each edge of the control printed circuit board.

In some aspects, the light fixture further includes a first
driver circuit configured to drive one or more light sources
located on the light module printed circuit board, and a
second driver circuit configured to drive one or more light
sources located on the second light module printed circuit
board.

In some aspects, the first driver circuit and the second
driver circuit are each located on the control printed circuit
board.

Before any embodiments are explained in detail, it is to be
understood that the embodiments are not limited in its
application to the details of the configuration and arrange-
ment of components set forth in the following description or
illustrated in the accompanying drawings. The embodiments
are capable of being practiced or of being carried out in
various ways. Also, it is to be understood that the phrase-
ology and terminology used herein are for the purpose of
description and should not be regarded as limiting. The use
of “including,” “comprising,” or “having” and variations
thereof are meant to encompass the items listed thereafter
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and equivalents thereof as well as additional items. Unless
specified or limited otherwise, the terms “mounted,” “con-
nected,” “supported,” and “coupled” and variations thereof
are used broadly and encompass both direct and indirect
mountings, connections, supports, and couplings.

In addition, it should be understood that embodiments
may include hardware, software, and electronic components
or modules that, for purposes of discussion, may be illus-
trated and described as if the majority of the components
were implemented solely in hardware. However, one of
ordinary skill in the art, and based on a reading of this
detailed description, would recognize that, in at least one
embodiment, the electronic-based aspects may be imple-
mented in software (e.g., stored on non-transitory computer-
readable medium) executable by one or more processing
units, such as a microprocessor and/or application specific
integrated circuits (“ASICs”). As such, it should be noted
that a plurality of hardware and software based devices, as
well as a plurality of different structural components, may be
utilized to implement the embodiments. For example, “serv-
ers” and “computing devices” described in the specification
can include one or more processing units, one or more
computer-readable medium modules, one or more input/
output interfaces, and various connections (e.g., a system
bus) connecting the components.

Other aspects of the embodiments will become apparent
by consideration of the detailed description and accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a first light fixture,
according to embodiments described herein.

FIG. 2 is a perspective view of a second light fixture,
according to embodiments described herein.

FIG. 3 is a block diagram of a control system for the light
fixtures of FIG. 1 or FIG. 2 including a control printed
circuit board and a plurality of light module printed circuit
boards, according to embodiments described herein.

FIG. 4A is a top view of the control printed circuit board
of FIG. 3, according to embodiments described herein.

FIG. 4B is a bottom view of the control printed circuit
board of FIG. 3, according to embodiments described herein

FIG. 5 is a top view of a light module printed circuit board
of FIG. 3, according to embodiments described herein.

FIG. 6 is a top view of the control printed circuit board
and the plurality of light module printed circuit boards of
FIG. 3.

FIG. 7 is a cross-sectional side view of the control printed
circuit board and the plurality of light module printed circuit
boards of FIG. 6.

FIG. 8 is a top view of a control printed circuit board,
according to embodiments described herein.

DETAILED DESCRIPTION

Embodiments described herein provide a light fixture
including a control printed circuit board and one or more
light module printed circuit boards. Each of the one or more
light module printed circuit boards is directly connected to
the control printed circuit board at an aperture of the control
printed circuit board. Such a configuration allows light from
the light module printed circuit board to pass through the
aperture of the control printed circuit board.

FIG. 1 illustrates a first light fixture 100A that includes a
control printed circuit board and at least one light module
printed circuit board. The first light fixture 100A is, for
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example, a profile light fixture, such as a Source Four LED
light fixture manufactured and sold by Electronic Theatre
Controls, Inc.

FIG. 2 illustrates a second light fixture 100B that includes
a control printed circuit board and at least one light module
printed circuit board. The second light fixture 100B is, for
example, a wash light that includes a linear series of light
sources or arrays of light sources, such as a ColorSource
Linear light fixture manufactured and sold by Electronic
Theatre Controls, Inc. The following description of the
printed circuit boards in FIGS. 3-7 is applicable to either of
the first and second printed circuit boards 100A, 100B.

As illustrated in FIG. 3, the light fixture 100A, 100B
includes a controller 105, a plurality of light modules or light
module printed circuit boards 110A-110C, a plurality of
driver circuits 115A-115C, a power control circuit 120, an
input mechanism 125, and one or more indicators 130. The
controller 105 includes a plurality of electrical and elec-
tronic components that provide power, operational control,
and protection to the components and modules within the
controller 105 and/or the fixture 100A, 100B. For example,
the controller 105 includes, among other things, a processing
unit 135 (e.g., a microprocessor, a microcontroller, or
another suitable programmable device), a memory 140,
input units 145, and output units 150. The processing unit
135 includes, among other things, a control unit 155, an
arithmetic logic unit (“ALU”) 160, and a plurality of reg-
isters 165 (shown as a group of registers in FIG. 3), and is
implemented using a known computer architecture (e.g., a
modified Harvard architecture, a von Neumann architecture,
etc.). The processing unit 135, the memory 140, the input
units 145, and the output units 150, as well as the various
modules connected to the controller 105 are connected by
one or more control and/or data buses (e.g., common bus
170). The use of one or more control and/or data buses for
the interconnection between and communication among the
various modules and components would be known to a
person skilled in the art in view of the embodiments
described herein. The control and/or data buses are shown
generally in FIG. 3 for illustrative purposes.

The memory 140 is a non-transitory computer readable
medium and includes, for example, a program storage area
and a data storage area. The program storage area and the
data storage area can include combinations of different types
of memory, such as aROM, a RAM (e.g., DRAM, SDRAM,
etc.), EEPROM, flash memory, a hard disk, an SD card, or
other suitable magnetic, optical, physical, or electronic
memory devices. The processing unit 135 is connected to the
memory 140 and executes software instructions that are
capable of being stored in a RAM of the memory 140 (e.g.,
during execution), a ROM of the memory 140 (e.g., on a
generally permanent basis), or another non-transitory com-
puter readable medium such as another memory or a disc.
Software included in the implementation of the light fixture
100A, 100B can be stored in the memory 140 of the
controller 105. The software includes, for example, firm-
ware, one or more applications, program data, filters, rules,
one or more program modules, and other executable instruc-
tions. The controller 105 is configured to retrieve from the
memory 140 and execute, among other things, instructions
related to the control processes and methods described
herein. In other embodiments, the controller 105 includes
additional, fewer, or different components.

The driver circuits 115A-115C include a first driver circuit
115A, a second driver circuit 115B, and a third driver circuit
115C, operable to provide control signals to the light module
printed circuit boards 110A-110C. For example, the first
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driver circuit 115A is connected to a first light module
printed circuit board 110A for providing one or more drive
signals to an array (i.e., one or more) light sources on the
first light module printed circuit board 110A. The second
driver circuit 115B is connected to a second light module
printed circuit board 110B for providing one or more drive
signals to an array (i.e., one or more) light sources on the
second light module printed circuit board 110B. The third
driver circuit 115C is connected to a third light module
printed circuit board 110C for providing one or more drive
signals to an array (i.e., one or more) light sources on the
third light module printed circuit board 110C.

The power control circuit 120 supplies a nominal AC or
DC voltage to the light fixture 100A, 100B. In some embodi-
ments, the power control circuit 120 is powered by one or
more batteries or battery packs. In other embodiments, the
power control circuit 120 is powered by mains power having
nominal line voltages between, for example, 100V and 240V
AC and frequencies of approximately 50-60 Hz. The power
control circuit 120 is also configured to supply lower volt-
ages to operate circuits and components within the light
fixture 100A, 100B.

As illustrated in FIG. 3, the controller 105 is connected to
the three light module printed circuit boards 110A-110C.
The respective arrays of light sources on each light module
printed circuit boards 110A-110C can include multiple col-
ors and zones for producing light. In some embodiments, the
light fixture 100A, 100B includes four or more light module
printed circuit boards. In other embodiments, the light
fixture 100A, 100B includes fewer than three light module
printed circuit boards (i.e., one or two light module printed
circuit boards). In the illustrated embodiments, the light
module printed circuit boards 110A-110C include arrays of
light emitting diodes (“LEDs”). In other embodiments,
different light sources are used.

As illustrated in FIG. 3, the controller 105, the plurality of
driver circuits 115A-115C, the power control circuit 120, the
input mechanism 125, and the one or more indicators 130
are all mounted on a control printed circuit board 175. The
control printed circuit board 175 is electrically and/or physi-
cally connected to the light module printed circuit boards
110A-110C.

With reference to FIGS. 4A-8, the control printed circuit
board 175 includes one or more apertures 200 extending
through the control printed circuit board 175. In the illus-
trated embodiment, each aperture 200 is generally square in
shape. In other embodiments, the apertures 200 may be
circular, octagonal, or the like. As illustrated in FIG. 4B,
each aperture 200 includes a plurality of conductive traces
205 for connecting to complementary traces on the light
module printed circuit boards 110A-110C (see FIG. 5). The
apertures 200 are disposed away from edges of the control
printed circuit board 175. In some embodiments, one or
more apertures 200 are positioned at or near one or more of
the edges of the control printed circuit board 175 such that
the apertures 200 are accessible from the edge (see FIG. 8).
The number of apertures 200 corresponds to the number of
light module printed circuit boards 110A-110C included in
the fixture 100A, 100B. For example, in the depicted
embodiment, three apertures 200 are provided in the control
printed circuit board 175, with a light module printed circuit
board 110A-110C being coupled to the control printed
circuit board 175 at each of the apertures 200. In other
embodiments, greater than or fewer than three apertures 200
are provided. Each aperture 200 is sized such that the
aperture 200 is slightly smaller than the light module printed
circuit board 110A-110C. The size of the apertures 200

25

30

35

40

45

6

allows the light module printed circuit boards 110A-110C to
be coupled to the control printed circuit board 175 around
the edges of the aperture 200 (e.g., at a lap joint).

With reference to FIG. 5, the light module printed circuit
boards 110A-110C include a plurality of light emitting
diodes (“LEDs”) 300 disposed on a surface of the light
module printed circuit board 110A-110C. In other embodi-
ments, a single LED, or an alternative light source, may be
positioned on the light module printed circuit board 110A-
110C. The LEDs 300 are positioned proximate to a center of
the light module printed circuit board 110A-110C. In other
embodiments, the LEDs 300 may be disposed at different
locations on the light module printed circuit board 110A-
110C. Each of the LEDs 300 is electrically connected to
traces 305 positioned on an edge of the light module printed
circuit board 110A-110C. For example, direct drive signals
are provided to each of the LEDs 300 individually via two
traces 305. In some embodiments, multiple LEDs 300 are
coupled to the same traces 305. When the light module
printed circuit board 110A-110C is coupled to the control
printed circuit board 175, the traces 305 electrically connect
the light module printed circuit board 110A-110C to the
control printed circuit board 175. In some embodiments, the
light module printed circuit board 110A-110C also includes
a thermistor.

With reference to FIG. 6, the light module printed circuit
boards 110A-110C are connected to the control printed
circuit board 175 at the apertures 200 such that the LEDs
300 are positioned in the apertures 200 (see FIG. 7) and light
emitted from the LEDs 300 passes through the apertures
200. The traces 305 at the edges of the light module printed
circuit boards 110A-110C are electrically connected to a
bottom of the control printed circuit board 175 using, for
example, solder joints. The solder joints allow for a secure
electrical connection between the control printed circuit
board 175 and the traces 305 of the light module printed
circuit board 110A-110C. In other embodiments, the traces
305 are coupled to the control printed circuit board 175
using different types of electrical connections (e.g., fusing).

With reference to FIG. 7, the light module printed circuit
boards 110A-110C have fewer circuit board layers than the
number of circuit board layers included in the control
printed circuit board 175. For example, in the illustrated
embodiment, the light module printed circuit boards 110A-
110C include a first number of printed circuit board layers
(e.g., one layer) while the control printed circuit board 175
includes a second, greater number of printed circuit board
layers (e.g., a plurality of layers). In other embodiments, the
light module printed circuit boards 110A-110C include more
than one layer. In some embodiments, the control printed
circuit board 175 provides better shielding than the light
module printed circuit boards 110A-110C, and, as a result,
provides higher quality control signals to the light module
printed circuit boards 110A-110C.

Additionally, the light module printed circuit boards
110A-110C define a first surface area that is smaller than a
second surface area defined by the control printed circuit
board 175. The surface areas are measured as the areas of a
front face of the light module printed circuit boards 110A-
110C and a front face of the control printed circuit board
175, respectively. By offloading, for example, the driver
circuits 115A-115C from the light module printed circuit
boards 110A-110C to the control printed circuit board 175,
the light module printed circuit boards 110A-110C can be
made smaller. As a result, the density of the light module
printed circuit boards 110A-110C (i.e., density of traces 305
in FIG. 5) is increased.
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In some embodiments, the light module printed circuit
boards 110A-110C are manufactured from aluminum, cop-
per, ceramic, or another similar material. Such materials
provide improved heat transfer characteristics when com-
pared to, for example, epoxy resin printed circuit boards. In
some embodiments, the control printed circuit board 175 is
manufactured from epoxy resin or another similar material.
In other embodiments, the light module printed circuit
boards 110A-110C and the control printed circuit board 175
are manufactured from other materials.

Thus, embodiments described herein provide, among
other things, a light fixture that includes a control printed
circuit board having an aperture at which a light module
printed circuit board is attached. Various features and advan-
tages are set forth in the following claims.

What is claimed is:

1. A light fixture for producing a light output, the light

fixture comprising:

a control printed circuit board including an aperture and
a first number of printed circuit board layers, the
control printed circuit board having a first surface area;
and

a light module printed circuit board configured to elec-
trically connect to the control printed circuit board at
the aperture, the light module printed circuit board
including a second number of printed circuit board
layers, the light module printed circuit board having a
second surface area, the light module printed circuit
board including a plurality of light emitting diodes
(“LEDs”) and a plurality of conductive traces, the light
module printed circuit board configured to be directly
coupled to the control printed circuit board via the
plurality of conductive traces such that the plurality of
LEDs is positioned in the aperture to allow light from
the plurality of LEDs to pass through the aperture,

wherein each of the plurality of LEDs is electrically
connected to respective first and second conductive
traces of the plurality of conductive traces and the
respective first and second conductive traces of the
plurality of conductive traces are electrically connected
to first and second complementary conductive traces on
the control printed circuit board,

wherein the first number of printed circuit board layers is
greater than the second number of printed circuit board
layers, and

wherein the first surface area is larger than the second
surface area.

2. The light fixture of claim 1, wherein each of the

plurality of conductive traces is positioned on an edge of the
light module printed circuit board.
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3. The light fixture of claim 1, wherein the second number
of printed circuit board layers includes a single printed
circuit board layer.

4. The light fixture of claim 1, further comprising a driver
circuit configured to drive the plurality of LEDs located on
the light module printed circuit board.

5. The light fixture of claim 4, wherein the driver circuit
is located on the control printed circuit board.

6. The light fixture of claim 1, wherein the aperture is
smaller than the second surface area of the light module
printed circuit board.

7. The light fixture of claim 1, wherein the light module
printed circuit board is manufactured from a material
selected from the group consisting of: aluminum, copper,
and ceramic.

8. The light fixture of claim 7, wherein the control printed
circuit board is manufactured from epoxy resin.

9. The light fixture of claim 1, wherein the aperture is
located at an edge of the control printed circuit board.

10. The light fixture of claim 1, wherein the aperture is
square-shaped.

11. The light fixture of claim 1, wherein the aperture is
circularly-shaped.

12. The light fixture of claim 1, further comprising:

a second light module printed circuit board configured to
electrically connect to the control printed circuit board
at a second aperture, the second light module printed
circuit board including the second number of printed
circuit board layers.

13. The light fixture of claim 12, wherein the second light

module printed circuit board has the second surface area.

14. The light fixture of claim 12, wherein the aperture is
located at an edge of the control printed circuit board.

15. The light fixture of claim 14, wherein the second
aperture is located away from each edge of the control
printed circuit board.

16. The light fixture of claim 12, wherein the aperture is
square-shaped.

17. The light fixture of claim 12, wherein the aperture is
circularly-shaped.

18. The light fixture of claim 12, further comprising:

a first driver circuit configured to drive the plurality of
LEDs located on the light module printed circuit board;
and

a second driver circuit configured to drive a second
plurality of LEDs located on the second light module
printed circuit board.

19. The light fixture of claim 18, wherein the first driver

circuit and the second driver circuit are each located on the
control printed circuit board.

#* #* #* #* #*
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