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(57) Abstract: A lighting device comprising a carrier board
and an array of lighting elements mounted on the carrier
board. The carrier board has a generally spiral shape and the
carrier board can be tessellated with one or more identical
other carrier boards with windings interleaved with each oth-
er. This enables multiple carrier boards to be formed from a
single substrate with little or no waste of material. Different
designs enable two, four or even more ditferent identical car-
ried board shapes to be tessellated together.
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Board mounted LED array

FIELD OF THE INVENTION
This invention relates to lighting devices and in particular to lighting devices
having an array of lighting elements such as LEDs mounted on a board such as a printed

circuit board.

BACKGROUND OF THE INVENTION

For general illumination, large area light sources are often used in order to
provide a low peak brightness and hence to give comfortable low-glare lighting. In LED
luminaires having an LED array, the small and bright individual LEDs need to be placed
relatively far apart on a large area board, such as a printed circuit board, in order to create a
large area light source. Usually such a light source is combined with a diffusive plate or foil
to hide the individual LEDs.

The trend of LED technology is for smaller LEDs, increased efficiency (and
hence lower thermal dissipation) and lower cost. As a result, the LEDs require less PCB area
per LED to meet the required thermal and mechanical design constraints. The PCB cost also
becomes a more significant part of the total cost (i.e. the Bill Of Materials (BOM)).

One design which has developed as a result of this trend is the so-called E-
panel. In such a panel, a rectangular PCB area is halved by cutting the board into two
interdigitated (E-shaped) parts that still cover the full area.

This enables two identical substrates to be formed from a single board without
wastage of materials. It also enables a shape to be formed which only partially covers the
complete area, but without the need to join segments (such as straight line segments)
together. A regular array of LEDs can be positioned on the E-shaped board.

As the trend of higher efficiency and lower cost progresses, the E-panels will
still have a cost penalty due to unused PCB area. The E-panel design does not for example
allow an initial board to be cut into more than two identical parts. The E-panel design is thus
not very versatile. There is therefore a need for an alternative design of PCB board, which

reduces the unused PCB area.
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SUMMARY OF THE INVENTION

The invention is defined by the claims.

According to examples in accordance with an aspect of the invention, there is
provided a lighting device comprisinga carrier board; and an array of lighting elements
mounted on the carrier board, wherein the carrier board has a coil shape with at least two
converging windings, allowing the carrier board to be tessellated with one or more identically
shaped or similarly shaped other carrier boards with the windings interleaved with each other.
The windings comprise straight sections with a 90 degree angle between the adjacent sections
along the coil, the perpendicular spacing between adjacent windings being a constant. The
straight sections have a width which varies between a narrower width and a wider width, the
lighting elements being positioned at the portions with a wider width, and the array of
lighting elements forming a regular square or rectangular grid.

The terms "similar" and "similarly" are used in the mathematical sense (i.e.
topologically similar) in that the boards which can be tessellated may be scalar stretched
versions of each other. This is for example the case if identical carrier board shapes are
tessellated, then the tessellated structure is stretched, and separated back into the individual
components. Preferably, the carrier board which are tessellated are identical, so that they all
form the samples of the same product.

The coil shape enables the carrier board area to be reduced, while enabling
multiple such carrier boards to be manufactured initially as a single tessellated design.

The carrier board may for example comprise a printed circuit board, although
any substrate may be used that provides suitable thermal and mechanical stability and
electrical interconnection.

This includes conventional PCBs (multicore PCBs or single core PCBs and of
different materials) as well as printed electronics such as electrical traces printed on a metal
substrate.

The coil shape has converging windings, namely which converge towards a
central point. The coil windings are formed from straight sections i.e. generally polygonal.

The windings comprise straight sections with a 90 degree angle between the
adjacent sections along the coil, wherein the perpendicular spacing between adjacent
windings is a constant. This defines a structure which has a square (or rectangular) spiraling
shape. The constant spacing between windings means it forms a shape which may be

described as a square/rectangular version of an Archimedean spiral. The constant spacing
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corresponds to a multiple of the width of the straight section. The multiple is then the number
of other identical shapes which can be tessellated together with the first.

The carrier board can be tessellated with one identical other carrier board with
the windings interleaved with each other. The two may together substantially fill an area.
This means two such coil shapes can be formed from a board with minimal or no waste of
board material.

The array of lighting elements forms a regular square or rectangular grid. This
provides an alternative to the E-panel design.

The carrier board can also be tessellated with three identical other carrier
boards with the windings interleaved with each other. Again, the four may substantially fill
the board area. This means four such coil shapes can be formed from a board with minimal or
no waste of board material.

The design of the lighting device according to the invention enables one or
more (for example four) identical coil shapes to be tessellated and which each carry a regular
square or rectangular grid of lighting elements. This is because the straight sections have a
width which varies between a narrower width and a wider width, with the lighting elements
positioned at the portions with a wider width. In this way, the wider portions of one straight
section mate with a narrower portion of a laterally adjacent winding of a different coil when
the multiple coils are tessellated.

This design also provides a larger carrier board area around each lighting
element where heat dissipation is needed, and a thinner carrier board area at the
interconnecting parts, so that the use of board material is more efficient.

The narrower width portions may be formed by indents, wherein the indents
for one set of alternate straight sections are at an inside edge and the indents for the other set
of alternate straight sections are at an outside edge. This means that with each 90 degree
rotation between the different coils, the wider parts of along the straight section of one coil
mate with the narrower parts of an adjacent straight section of a neighboring coil.

Examples in accordance with another aspect of the invention provide a method
of manufacturing a lighting device, the method comprising the steps of forming an array of
lighting elements on a carrier board, and separating the carrier board into at least two
identically shaped or similarly shaped sections, the array of lighting elements on each section
forming a regular square or rectangular grid, wherein each section has a coil shape with
multiple converging windings, the windings being interleaved with each other before the

separation, wherein the windings comprise straight sections with a 90 degree angle between
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the adjacent sections along the coil, the perpendicular spacing between adjacent windings
being a constant, and wherein the straight sections have a width which varies between a
narrower width and a wider width, the lighting elements being positioned at the portions with
a wider width.

In this way, multiple boards are formed from a single initial board by
separating identical shapes which tessellate together.

The narrower width portions may be formed by indents, wherein the indents
for one set of alternate straight sections are at an inside edge and the indents for the other set
of alternate straight sections are at an outside edge.

These and other aspects of the invention will be apparent from and elucidated

with reference to the embodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
Examples of the invention will now be described in detail with reference to the
accompanying drawings, in which:

Figure 1 shows a first example of a lighting device shaped in the form of a

spiral;

Figure 2 shows different numbers of interleaved spirals;

Figure 3 shows a second example of a lighting device shaped in the form of a
spiral;

Figure 4 shows a tesselation of two identical lighting devices of Figure 3;

Figure 5 shows a third example of a lighting device shaped in the form of a
spiral;

Figure 6 shows how the lighting device of Figure 5 cannot support lighting
elements in a perfectly regular grid;

Figure 7 shows a tesselation of four identical lighting devices of Figure 5;

Figure 8 shows a fourth example of a lighting device shaped in the form of a
spiral;

Figure 9 shows two identical lighting devices of Figure 8§ interleaved with
each other;

Figure 10 shows a tesselation of four identical lighting devices of Figure 8;

Figure 11 shows a method of manufacturing lighting devices; and

Figure 12 shows a stretched version of the design of Figure 10.
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DETAILED DESCRIPTION OF THE EMBODIMENTS

The invention provides a lighting device comprising a carrier board and an
array of lighting elements mounted on the carrier board. The carrier board has a generally
spiral or coiled shape and the carrier board can be tessellated with one or more identical other
carrier boards with windings interleaved with each other. This enables multiple carrier boards
to be formed from a single substrate with little or no waste of material. Different designs
enable two, four or even more different identical carrier board shapes to be tessellated
together.

Figure 1 shows a first example of lighting device shaped in the form of a
spiral. The lighting device comprises a carrier board 10 and an array of lighting elements 12
mounted on the carrier board.

For all examples in accordance with the invention, the carrier board has a coil
shape with multiple converging windings, and the carrier board can be tessellated with one or
more identical other carrier boards with the windings interleaved with each other.

The example of Figure 1 is a curved spiral, specifically an Archimedean spiral.
This has the property that the distance d between windings is fixed. It also has the property
that multiple such spirals can be tessellated. The number which can be tessellated
corresponds the winding pitch (i.e. sum of the spacing d and the width w of the track) divided
by the width of the track, i.e.

N=(w +d)/ w.

This means that a number N of spiral designs may be formed from a single
area of board which is then separated into separate identical areas, for example by milling or
punching or other cutting technologies. In the cut product, the cutting line thickness will
alter this ratio slightly.

The spiral design enables any number of carrier boards to be defined, by
suitable selection of the width and spacing. Each individual board needs to meet thermal and
mechanical support requirements, as well as having a sufficient width to accommodate the
lighting elements 12. As the required heat dissipation falls, the required area of carrier board
falls, and the width w can be reduced. This enables more carrier boards to be formed from a
given area, giving a cost saving.

The lighting elements follow the spiral pattern. This means they cannot be

arranged as a regular rectangular or hexagonal grid. However, they can be arranged such the
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density of the lighting elements per unit area is substantially constant across the area of the
board. For example, they may be spaced evenly along the spiral, and with a spacing which is
equal or approximately equal to the winding pitch (w + d) or the winding spacing (d) (for
example between 0.5d and 1.5(w + d)).

In order to tessellate the multiple spirals, a rotational shift between adjacent
spirals is provided. For N identical spirals, the relative rotational shift between adjacent
interleaved spirals is 360/N degrees.

Figure 2 shows three possible interleaved spiral patterns. It shows each spiral
shape as a line for simplicity rather than as a track.

Figure 2(a) shows two interleaved spirals, with a rotational shift of 180

degrees.

Figure 2(b) shows four interleaved spirals, with a rotational shift of 90
degrees.

Figure 2(c) shows eight interleaved spirals, with a rotational shift of 45
degrees.

The carrier board comprises a printed circuit board, although any substrate
may be used that provides suitable thermal and mechanical stability and electrical
interconnection.

This includes conventional PCBs (multicore PCBs or single core PCBs and of
different materials) as well as printed electronics such as electrical traces printed on a metal
substrate.

Printed circuit boards are generally laminate structures, and the laminate is
most easily formed as a continuous sheet before any substrate shaping takes place. Thus,
forming any patterned shape gives rise to PCB wastage. By interleaving the spirals, the full
area of the PCB (or nearly the full area) is used to create carrier boards.

The lighting elements are connected together by conductive tracks, to enable
the driving of the lighting elements. They may all be in series, in parallel, or there may be a
combination of series and parallel connections, for example a set of parallel branches, each
branch carrying a set of series lighting elements. The connection terminals (typically only an
anode connection and a cathode connection) in one example are provided to the end of the
outermost winding, to enable easy electrical connection. The connection may instead be at
an intermediate position along the coil shape, to minimize the maximum length of the

electrical track used from the connection point to the ends of the spiral. In this way one track
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along the whole spiral length is replaced by two tracks, each covering a fraction of the spiral
length.

A single lighting device with its spiral shaped carrier board may be used in a
lighting product. However, for increased light output, a number of lighting devices may be
used in a single product. Thus, a single spiral design may be used in a modular manner for
different types of lighting product. Generally, a sub-set of the complete number N of spirals
is used. If all N spirals are desired in a product, it is more cost effective to provide a single
board (i.e. not to perform the cutting and separating process). However, if this is a small
fraction of a product range, it may still be more efficient to manufacture using the modular
approach. For any number less than N, the use of multiple individual spiral boards is a cost
effective solution.

This design is easily modified. For example, the lighting element positions
and overall area covered may be kept the same while reducing the spiral width w when there
is a reduced need for carrier board area for each lighting element. Thus, more carrier boards
of the same optical design can then be made from each processed full area carrier board.

The outer shape of the carrier board is generally circular, so this design is of
particular interest for circular products.

As mentioned above, the spiral shape does not give a regular rectangular or
square grid of lighting elements, which may be desired.

Figure 3 shows a second example of lighting device. The carrier board 10 on
which the lighting elements 12 are mounted again has a coil shape, but it is an angular
structure rather than a smooth spiral.

In this example, the windings comprise straight sections 10a, 10b, 10c, 10d
with a 90 degree angle between the adjacent sections along the coil. The perpendicular
spacing d between adjacent windings is again constant. The structure thus has a square (or
rectangular) spiraling shape.

The constant spacing d between windings means it forms a shape which may
be described as a square/rectangular version of an Archimedean spiral. The constant spacing
d corresponds to a multiple of the width w of the straight section. The multiple is then the
number of other identical shapes which can be tessellated together with the first.

Figure 3 shows a design which can be tessellated with one other identical coil

shape, i.e. N = (d + w)/w = 2 (ignoring the thickness of the cutting lines).
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The advantage of this design is that the lighting elements 12 may be formed as
a regular square (or rectangular) grid. This gives a uniform density of lighting elements
across the overall area and therefore a uniform light output.

Figure 4 shows two of the carrier boards tessellated to fill a rectangular area,
giving no waste of carrier board material. The two lighting devices are thus manufactured
together and then separated at the end of the manufacturing process.

The outer shape of the carrier board is generally square/rectangular so this
design is of particular interest for square or rectangular products.

A similar square spiral shape may however be used to form four carrier
boards, again by reducing the width w of the coil so that N=4.

Figure 5 shows a third example of lighting device with N=4. This design can
be tessellated with three identical other carrier boards with the windings interleaved with
each other again to substantially fill an area. This means four such coil shapes can be formed
from a board with minimal or no waste of board material.

In the basic design of Figure 5, the straight sections are all of constant width

With this design, it is not possible to position the lighting elements in the
center of the sections and still form a regular grid. Instead, the array of lighting elements may
form a grid of straight rows and columns of lighting elements, but not a perfectly regular
grid. The grid loses its regularity in the center.

Figure 6 shows how a regular grid can best be fit over the coil shape, and it
shows that the lighting element 12 are always centered along the edge of the coil track. Thus,
this structure cannot easily be manufactured.

Thus, the basic square coil design only allows two carrier boards to be formed
if a regular LED grid is required.

The light intensity variation in the design of Figure 5 may be acceptable. In
particular, it arises only in the center. It may also be compensated by providing lighting
elements of different output power at different locations.

Figure 7 shows four identical lighting devices of Figure 5 tessellated.

Figure 8 shows a fourth example of lighting device which enables four
identical coil shapes to be formed while also maintaining a regular grid of lighting elements.

Generally, the design has the same overall shape as the design of Figures 3 and

5, namely a square/rectangular coil structure.
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However, the straight sections 10a, 10b, 10c, 10d have a width which varies
between a narrower width wl and a wider width w2, with the lighting elements 12 positioned
at the portions with a wider width. The straight sections are still straight in the sense that they
extend along a straight axial direction.

The straight sections may be considered to have a central axis 80 (even though
they are not symmetric about this axis), and each straight section has narrow parts and wide
parts. The narrow parts mean that the central axis 80 is outside the area of the section,
whereas the wide parts mean that the central axis is within the area of the section. In this
way, the lighting elements 12 can be positioned along the central axis 80. In this way, the
lighting elements can be positioned in the manner shown in Figure 6.

The wider portions of one straight section mate with a narrower portion of a
laterally adjacent winding of a different coil when the multiple coils are tessellated.

One edge of each straight section is straight, and the other edge forms a
profiled edge. The narrower width portions may be formed by indents along the profiled
edge, wherein the indents for one set of alternate straight sections are at an inside edge and
the indents for the other set of alternate straight sections are at an outside edge. Accordingly,
the straight edges for one set of alternate straight sections are at an outside edge and the the
straight edges for the other set of alternate straight sections are at an inside edge.

This means that with each 90 degree rotation between the four different coils
when they are tessellated, the wider parts of along the straight section of one coil mate with
the narrower parts of an adjacent straight section of a neighboring coil.

Figure 9 shows two identical lighting devices of Figure 8 interleaved with
each other. This produces a device with double the light output flux of the device of Figure 8,
in a modular way. The coils are spaced apart (with a 180 degree rotational shift) to make the
combined grid of lighting elements evenly distributed.

A lighting product may use 1, 2, 3 or all four of the lighting devices of Figure

Figure 10 shows four identical lighting devices of Figure 8 tessellated, which
shows how the four lighting devices would be manufactured.

The finite width of the coils means that they do not converge to a perfect
point. In this example, there is a small star of PCB board in the center which is not needed in
any of the carrier boards, but equally the innermost part of the coil shape could be designed

so that all four coils tessellate fully.
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The outer shape of the four tessellated coils is generally square, with almost no
wastage from a square board.

The designs shown may be stretched along one axis, thereby converting all
square profiles into rectangular profiles. In this case, the individual boards will no longer be
identical, but they will perform an identical function. The individual boards will then be
scalar stretched versions of each other.

A method of manufacturing a lighting device is shown in Figure 11. The
method comprises:

in step 110 forming an array of lighting elements on a carrier board; and

in step 112 separating the carrier board into at least two identically shaped
sections (all four are shown in Figure 11), wherein each section has the coil shape as
explained above.

In this way, multiple boards are formed from a single initial board by
separating identical shapes which tessellate together. The boards may be fully manufactured
before separation.

As mentioned above, the concept underlying the invention is not changed by a
slight variation from a square to a rectangular design. Figure 12 shows a stretched version of
the design of Figure 10 and also shows two of the individual coils. The shapes are no longer
identical, but they are topologically "similar" in that they are scalar stretched versions of each
other, and they achieve the same function. Each gives a regular rectangular array of lighting
elements.

The same advantage of not wasting board material is obtained, and the same
principle of coil tessellation is applied.

The examples above using curved spirals enable any number of interleaved
carrier boards to be formed. The square based angular design allows two or four interleaved
carrier boards, as a result of the rotational symmetry of order 4. A hexagonal based design
may also be used.

The invention is of interest for general illumination luminaires, with a square
or circular shape, such as troffers and downlights.

The lighting elements are preferably solid state lighting elements, most
preferably LEDs.

The outer dimensions of the coil shaped carrier board may have various

different values to fit many different types of lighting device.
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Downlight modules typically have a 60 mm diameter. Troffers are typically
close to 300 x 1200 mm or 600 x 600 mm in some geographic regions, and the light engine is
typically 200 to 400 mm square. Light troffers may however, be around 600 x 1200 mm (2
feet by 4 feet) in particular in the US, and the light engines may then be larger.

The spacing of the LEDs depends on the height of the diffuser over the LEDs.
Typical values are 1 to 5 cm. When the LEDs are combined with optical elements to improve
the beam spreading, or when the troffer is quite deep, larger spacings can be used, such as 5
to 10 cm. The invention is particularly useful for large spacings, because then there is more
unused PCB area in the conventional solution.

The coil width w is for example around 10 mm or less, with a typical LED
spacing of around 35 to 40 mm. For four coils, this gives a coil spacing d of 40 mm.
Combined with the indentations, the narrowest part becomes about 5 mm.

For electrical safety, the tracks may need about 2 mm spacing from the board
edge. This means that more than 40 mm LED spacing is desired to allow for an electrically
safe product in case of four spirals. This is not a fundamental limit, because the electrical
safety may also be solved by a different electrical layout (for example not all LEDs in series),
which would allow for a lower string voltage and a smaller safety margin on the edge.

Generally, the LED spacing is typically more than 5 mm times the number of
spirals, and more than 10 mm times the number of spirals when indentations are used.

Other variations to the disclosed embodiments can be understood and effected
by those skilled in the art in practicing the claimed invention, from a study of the drawings,
the disclosure, and the appended claims. In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article "a" or "an" does not exclude a
plurality. A single processor or other unit may fulfill the functions of several items recited in
the claims. The mere fact that certain measures are recited in mutually different dependent
claims does not indicate that a combination of these measured cannot be used to advantage.

Any reference signs in the claims should not be construed as limiting the scope.
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CLAIMS:

l. A lighting device comprising:

a carrier board (10); and

an array of lighting elements (12) mounted on the carrier board (10),

wherein the carrier board (10) has a coil shape with at least two converging
windings, allowing the carrier board (10) to be tessellated with one or more identically
shaped or similarly shaped other carrier boards with the windings interleaved with each other,

wherein the windings comprise straight sections (10a, 10b, 10c, 10d) with a 90
degree angle between the adjacent sections along the coil, the perpendicular spacing between
adjacent windings being a constant, and

wherein the straight sections (10a, 10b, 10c, 10d) have a width which varies
between a narrower width (wl) and a wider width (w2), the lighting elements (12) being
positioned at the portions with a wider width (w2), and the array of lighting elements (12)

forming a regular square or rectangular grid.

2. A lighting device as claimed in claim 1, wherein the carrier board (10) can be
tessellated with three identical or similar other carrier boards with the windings interleaved

with each other.

3. A lighting device as claimed in claim 1, wherein the narrower width portions
are formed by indents, wherein the indents for one set of alternate straight sections are at an
inside edge and the indents for the other set of alternate straight sections are at an outside

edge.

4. A lighting device as claimed in any preceding claim, wherein an electrical
connector is provided at the outermost end of the coil shape, or at an intermediate position

along the coil shape.

5. A method of manufacturing a lighting device, the method comprising the steps

of:
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- forming an array of lighting elements (12) on a carrier board (10), and
- separating the carrier board (10) into at least two identically shaped or
similarly shaped sections, the array of lighting elements on each section forming a regular
square or rectangular grid,

wherein each section has a coil shape with multiple converging windings, the
windings being interleaved with each other before the separation,

wherein the windings comprise straight sections (10a, 10b, 10c, 10d) with a 90
degree angle between the adjacent sections along the coil, the perpendicular spacing between
adjacent windings being a constant, and

wherein the straight sections (10a, 10b, 10c, 10d) have a width which varies
between a narrower width (wl) and a wider width (w2), the lighting elements (12) being

positioned at the portions with a wider width (w2).

6. A method as claimed in claim 5, wherein the narrower width portions are
formed by indents, wherein the indents for one set of alternate straight sections are at an
inside edge and the indents for the other set of alternate straight sections are at an outside

edge.
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