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(Pitle of the Invention)

LED light source with collimation optics

SPECIFICATION

Field of the Invention

The present invention relates to a LED light source comprising
collimation optics. Inparticular, the invention relates to a lens

array and to a method for fabricating a lens array.

Background of the Invention

Light emitting semiconductor diodes (LEDs) are increasingly used
for illumination purposes. An advantage of such light sources is

their high efficiency and long life time.

The light emitting layer of a semiconductor which is for instance
disposed as a £film LED on a circuit board emits light within a
wide angle of 180° . Formany illuminationpurposes it is of advantage
to bundle the light emitted by the LED(s). An angular range of
about +/- 30° from the central axis of the LED already includes
about 70% of the emitted light power. However, it is desirable
to collect the light in an emission angle as wide.as possible such
as to increase effijciency. In practice, special optics for this
purpose are known which comprise a side reflector that reflects
light which is emitted outside some angle, wherein the light is
folded by another reflection and is then emitted in forward

direction.



(16) JP 2010-74167 A 2010.4.2

While suchopticsyieldsatisfyingefficiencies, theirfabrication
is cumbersome due to the complex geometry which is required. Also,
such complex gecmetries may generally be produced only fromplastic
material. Most plastic materials are not suitable for high power
LEDs which may produce temperatures of 120°C and more, since they
are not sufficiently heat resistant. Also, plastics tend to haze,

especially if exposed to high luminance for a long period.

Another way to collimate light emitted by a LED is by means of
a Fresnel zone plate. Such diffractive optics is able to yield
high efficiencies. However, the fabrication of micro-structures
required for this, inparticular inthe area of wide emitting anlgles
in which the spacing of the zone plate rings have to get thinner
and thinner, is expensive and complex, unless impossible.

Additicnally, a Fresnel zone plate is only active for a single
wavelength. To obtain a goodcollimation effect an array of Fresnel
zone plates has to provide a separate zone plate for each LED c¢olor,
White light LEDs which due to a converter material emit light in
severalwavelengths arenot able toprovidedsatisfyingcollimation

by means of a Fresnel zone plate.

Prior micro-lens arrays made of glass which conventionally are
fabricated employing thin film techniques, generally fail to
provide a satisfyingcollimationeffect, at least in the peripheral
area of the emitted light.

Object of the Invention

An object of the invention, therefore, is to provide a LED light
source which at least mitigates the disadvantages of the prior

art discussed above.

In particular, it is an object of the invention to provide a heat

resistant lens array with a good collimation effect.
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In particular, a sufficient collimation effect of the lens array

shall be provided for a wide range of emission angles.

Summary of the Invention

This object of the invention is already achieved by a LED light
source, by an aspheric collimation lens and by a method for

fabricatingalens arrayaccording toany of the independent claims.

Preferred embodiments and modifications of the invention are set

forth in respective dependent claims.

The invention relates, in a first aspect thereof, to a LED light
source, wherein a LED light source has to be understood as any
arrangement comprising a LED which emits light. As such, the LED
light source does not necessarily have to serve for illumination
purposes but may be used as a signaling device, e.g. Preferably
however, the LED light scurce is particularly provided as a room,
reading or signaling illumination device. Other preferred

applications are in the automotive field: in particular the LED
light source of the inventionmay be used as an automobile headlight
or backlight. Also, such high power LEDs will find application
inprojectors forcinematic, businessand/orhome cinemaprojection

applications.

The LED light source comprises at least one LED and at least one
collimation lens which preferably has an aspheric shape and ié
made fromglass or glass ceramics. Acollimation lens is preferably
understood as a convex lens which bundles light, and which, in
particular, is disposed relative to the emission face of the LED
such as to emit a light bundle of substantially parallel light

beams.
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Sincein thecaseocf awide emigssionangle, inparticularanemission

angle of more than 30° , the relation sin o~ o does not hold anymore,
in a preferred embodiment of the invention the lens comprises a
freeform surface; in particular the coliimation lens has an

aspheric shape. By choosing appropriate parameters, an asphere
allows to obtain a collimation effect in a wide emission angle
of up to 60° . In one embodiment of the invention the asphere has

a rotational symmetric shape.

The shape of the asphere is preferably defined by the following

equation:

»
o e 2 4 6 8, . 10 1214 ‘
P 4 Gﬁlf e Of,.‘}i + 0’,3? + fi‘gi t (15} + Clﬁﬁf (17? + CLS?
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wherein ¢ is the curvature, r is the radius (= l/c¢}., k 1s the
conical constant and o, are the asphere coefficients by which the

asphere can be adapted to the respective optical arrangement,

Alternatively, the lens may have a spherical shape. Such lenses

generally may be fabricated at lower costs.

According to the invention the aspect ratio, i.e. the relation
of height to width of the lens, is more than 0.1, The width of
the lens is generally defined by its diameter. The height of the

lens shall be understood as the crown height of the lens.

In contrast to micro-structures which are applied by thin film
technigues, the chosen aspect ratio of more than 0.1 allows to
provide lenses, in particular in lens arrays, which exhibit a good
collimation effect within a wide emission angle. Since it is made

of glass or glass ceramics the lens and lens array, respectively,
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is temperature stable and may be arranged close to the LED, in
particular in a distance of less than 1.5 mm, preferably less than
1 mm and most preferably less than 0.5 mm £from the LED. By placing
it such close to the LED a particularly small lens may be provided,

which collects light in a wide emission angle.

In a preferred embodiment of the invention the aspect ratio is
more than 0.2, preferably more than 0.3, and most preferably more
than 0.4. In particular, aspect ratios of about 0.5 or more are
possible. The inventors have found cut that such lensesg, in

particular in the form of lens arrays, may be fabricated in very

simple manner by a hot pressing technique.

The LED light source is preferably formed such that light emitted
by the LED in an angle of at least +/- 30°, preferably +/- 50°,

is emitted in substantially bundled manner in forward direction.

"Emitted in substantially bundled manner in forward direction"
means that the light beams are comprised in an angle of less than

10° relative to the axis of the collimation lens.

The LED light source preferably comprises a plurality of LEDs and
an array including a plurality of collimation lenses. Each LED
in the array has a collimation lens associated therewith. In

contrast to Fresnel zone plates, in particular an RGB LED array
allows to use a similarly formed lens for each color. A LED array

according to the invention is also useful for white light LEDs.

In a further particular embodiment of the invention the LED-array
may comprise at least two different collimation lenses adapted

to each of the light colors, for an increased efficiency.

The invention allows to provide a LED light source which is formed

such that divergence of a 1light beam comprising light emitted by
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the LED in an emission angle of +/- 60° relative to the central
axis is, in a distance of 25 cm, less than 5 cm, preferably less

than 2.5 cm.

"Divergence" means that a diameter of the light bundle increases
relative to the diameter of the emission face of the LED by at
most said distance. Herein, only that fraction of light which is
emitted in an emission angle of +/- 60° relative to the central
axis of the LED, and to the central axis of the lens associated
with the LED, respectively, is considerated. A good collimation
effect for light up to an emission angle of 60° allows to obtain
an extraordinary efficiency, since the fractions of light that
are emitted in an angle of more than 60° only account to a small

amount of the energy emitted from the LED.

Glass and glass ceramics having a high refractive index ng of more

than 1.4, preferably more than 1.5 and most preferably more than

1.7 are particularly useful for forming the collimation lens.

To avoid color errors and to provide a collimation lens which is
useful for several different light colors, preferably a material
having an Abbe coefficient vs; of more than 35, preferably more

than 40, and most preferably more than 50 is used.

The invention is particularly useful for high power LEDs which,

in operation, may attain 100°C and more.

In a preferred embodiment of the invention the LED light source
is arranged on a transparent plate, in particular to form a LED

array.

The crown height of the collimation lens is, in a preferred

embodiment of the invention, more than 6.1, preferably more than
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0.3 and most preferably more than 0.5 mm. The diameter of the
collimation lens is preferably between 0.2 and 10 mm, most

preferably between 1 and 5 mm. Such small lenses are also known
as micro-lenses. The large crown height allows to obtain an aspect
ratio which is useful for collimation of light in a wide emission

angle.

The inventidn further relates to an aspherical collimation lens
made of glass or glass ceramics which in particular exhibits any
of thecharacteristicsof the lensas set forthabove suchasmaterial
characteristics, etc. The aspect ratio of the collimation lens
is more than 0.1, preferably more than 0.3, and most preferably
more than 0.4 while the diameter of the collimation lens is less

than 10, and preferably less than 5 mm.

The invention allows to provide a temperature stable collimation

lens with a good collimation effect in a wide angular range.

Preferably, the collimation lens is a part of a lens array that

comprises a plurality of collimation lenses.

There, the lenses are preferably arranged on a plate made of glass
or glass ceramics. In particular, it is contemplated to provide
aone-piece component which is formed as a plate comprising lenses.
In one embodiment, the glass or glass-ceramic plate comprises,
at least preferably, a glass filter or a glass-ceramic filter or
a glass converter or a glass-ceramic converter..In such a manner
it is possible to vary the emitted color. Said filter is a color
filter, e.g., for setting the light color, and/or a polarizatioh

filter.

The plate may be formed from a different material, preferably
however, the plate has similar optical characteristics; in

particular in a preferred embodiment of the invention the
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refractive index of the plate is different from the refractive

index cof the lens by less than 0.3.

In a modification of the invention, the plate comprises at least
two layers. It has been found out that a lens array may be pressed
onto a substrate plate, in particular in a hot pressing operation.
Therein, one layer is formed by the material from which the lenses
are formed, and the other layer is formed by the substrate plate.
It is to be understood that the substrate plate and the lenses

with that definitionmayaswellbe formedfromdifferentmaterials.

The interface between the at least two layers preferably is
substantially flat such as to laxrgely aveid optical interferences

due to said interface.

In a modification of the invention the plate, in particular the
substrate plate, may comprise a structure, in particular for
homogenizing the i1ight or for enhancing the beonding of the two

layers.

The lens array is preferably formed such that the lenses are spaced
from each other at there edges by less than 5, preferably less
than 2, and most preferably less than 1 mm. In particular, the

collimation lenses are adjacent to each other.

In this manner, the LEDs in the associated LED array may be packed
close to each other which allows to provide a compact light source

with very high luminosity.

The lens array is preferably formed in one piece. "One piece” in
the sense of the invention also means an arrangement in which
components made of different glasses have been thermally bonded
toeach other. Incontrast toplastic lenses, e.g., that are adhered

to a plate, such a structure exhibits high mechanical strength
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and thermal resistance.

The invention further relates to a method for fabricating a lens

array, in particular a lens array such as set forth above.

In the method, a plurality of blanks, in particular glass blanks,
are introduced into a pressing mold. The pressing mold has a
plurality of recesses which define the contour of the lenses, in

particular the asphere.

After this, the blanks are pressed into lenses, in particular into
collimation lenses whereby the blanks at least partially bond to
each other. Hence, the blanks have a volume larger than the recess
associated with a respective blank. As such, the excess material
is squeezed off on the edges and flows into each other. This allows
inparticulartofabricate theplateofalensarrayinaparticularly

simple manner.

To do so, the mold preferably is substantially flat on one of its

sides.

In a modification of the invention, during the pressing step the
blanks are pressed onto a substrate, in particular a disc, whereby

the material of the blanks bonds to the substrate.

This embodiment allows to provide a lens array with enhanced
stability, as the material of the blanks bonds Fo the substrate
in a large area. The éubstrate is preferably made of glass. Hence,
the same material as that of the blanks may be used as a substraté
glass, e.g. It is equally contemplated for the substrate to be

made of a different material.

In a modification of the invention the material of the blanks has,

during the pressing operation, a lower viscosity than the material
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of the substrate. That is to accomplish that the interface between
the substrate material and the material of the blanks remains flat,
i.e. that the material of the blanks does not or not substantially
impress into the substrate glass. Impression of the material of
the blanks into the glass substrate could otherwise lead to optical

errors.

To the end fhat, while pressing, in particular during the hot
pressing operation, the substrate material is harder than the
material of the blanks, amaterialhavingadifferentmeltingand/or
glass transformation temperature may be used. Another way to

achieve this is to heat the blanks material more than the substrate

material.

In a modification of the invention the substrate is thinned
following the pressing step to yield an overall thinner structure

of the lens array with a concomitantly high strength.

The blanks may be placed in the mold in form of balls, or gobs,
e.g. Placing fibers is much more simple, though placing balls or
gobs allows to achieve a more homogenecus distribution of the

material during the pressing operation.

The blanks are preferably made of glass and are pressed under a
temperature from 20°C to 100° C, preferably from 50°C to 60° C above

the glass transformation temperature Tg.

Preferably, glass blanks made of optical glass having a glass

transformation temperature Ty between 350 and 650°C are used.

The following optical glasses which are commercialized by the
applicant under the following names are especially useful for the

invention: P-PK53, P-S5K57, P-5F8, P-LASF47, P-SF67, P-SF68,
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N-FK51A, N-FK5; N-PK52A, N-PK51, N-LaF33, P-LaF46B.

As the substrate glass has not to undergo deformation, a substrate
fromadifferent material may be used, in particular a glass having

a higher glass transformation temperature Tg may be used. Thus,

glasses such as that commercialized by the applicant under the
names D 263, B270, F2, N-LaF21l, N-LaF33, N-LaF34, N-LaF35, N-LaF36

are used as a substrate.

Brief Description of the Drawings

The invention will be described below in further detail with

reference to Figs. 1 to 9 which schematically show exemplary

embodiments of the invention wherein:

Fig. 1 schematically shows a LED light source;

Fig. 2 schematically shows a lens array;

Figs. 3 and 4 show different embodiments of a collimation lens.
in further detail;

Fig. 5 schematically shows the passage of the light beams
in an embodiment of the invention;

Fig. 6 ils for illustrating the collimation effect of an
aspherically shaped lens in further detail;

Fig. 7 shows the wavelength dependent focal shift of an
exemplary embodiment of the invention;

Fig. 8 is for a further description of the fabrication
of a lens array: and

Fig. 9 shows another embodiment of a method for

fabricating a lens arrays.

Detailed Description of the Drawings

Fig. 1 schematically shows a LED light source 1.
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LED light source 1 comprises aLED 2 preferablyarrangedonacircuit
board (not shown) which is preferably provided as a high power
LED. Light emitted by LED 2 is collimated by an aspherically shaped
collimation lens 3 made of glass such that the emitted light beams

5 extend substantially parallel to each other.

Collimation lens 3 is arranged onaplate 4 and as such inparticular

forms a part of a lens array.

Fig. 2 schematically shows a lens array ©& as comprising a plate
4includingapluralityofcollimaticnl&nses3.Collimationlenses
3 are, in this exemplary embodiment, packed as close to each other

as to be substantially adjacent each other.

Due to the chosen aspect ratic, of in this exemplary embodiment
more than 0.4, a very good cellimation effect may be achieved,
in particular in the case where the array 6 is arranged close in
front of the LED (not shown). |

Fig. 3 shows an exemplary embodiment of a collimation lens 3.
Collimation lens 3 of this embodiment is egqually is arranged on

a plate 4.

The aspect raticof collimation lens 3 iscalculated fromits height
h divided by its width or diameter 4. So what is relevant, is only

the height h of the curved lens body.
The lens illustrated herein has an aspect ratio of about 0.47.

Fig. 4 illustrates ancther exemplary embodiment of an aspherical
collimation lens 3. In this embodiment plate 4 is formed from two
layers. The aspect ratio here is slightly smaller than that of

the collimation lens of Fig. 3.
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Fig. 5 schematically shows the characteristic of an asphere (8)
in comparison to a spherical characteristic (7). Here, thedistance
from the center of the lens is plotied on the =xX-axis. The height

of the lens is plotted on the y-axis,

Asphere 8 has been pre-calculatedsuch thatcollimationispossible
throughout the line of the asphere curve 8, emitting light in

parallel to the central axis of the lens in forward direction.

It may be seen that the curve of the sphere already ceases at a
radius somewhat slightly above one millimeter so that it cannot
"catch™ light any more. An asphere 8, however, can collimate light

beams with a much wider emission angle.

Fig. 6 schematically shows an exemplary embodiment in which the
passage of the beams is illustrated. It may be seen that light
which is emitted from LED 2 in a wide emission angle of about +/-
60° , is redirected by aspherically shaped collimation lens' 3 such
that light beams 5 areemitted substantiallyparallel toeachother.

Fig. 6 schematically shows the wavelength dependent focal shift

in an exemplary embodiment of the invention. The x-axis gives the

focal shift in um, the wavelength in um is plotted on the y-axis.
With an appropriate choice of the glass, a lens with a minor focal
shift throughout the visible range may be provided. Such a lens
may be used for LEDs of different colors and is also useful for

white light LEDs.

Referring to Fig. 8 a method for fabricating a lens array will

be described in greater detail.

In a first step {illustrated on top) blanks 12 of glass (balls,
gobs or fibers) are placed in a pressing mold. The pressing mold

comprises an upper mold part 10 which has recesses 13, and a lower
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mold part 11 having a substantially plane or micro-structured
surface such as Fresnel or Lotus effect structures. Recesses 13

define the shape of the aspherical lenses.

Blanks 12 are compressed in a hot pressing operation while at least

the upper part 10 of the pressing mold is heated.

During compression (illustrated in the center) the blanks first

take the formof recesses 13 andas suchassume an aspherical contour.

The volume of blanks 12 is chosen such that it is larger than the
volume of recesses 13. Thus, theexcessmaterial is pushed sidewards
for forming a lens array as illustrated below in Fig. 8 which
comprises collimation lenses 3 and a plate 4. Plate 4 is, in this
exemplary embodiment, made of the same material as collimation
lenses 3, since plate 4 is pressed from the material of blanks

12.

Referring toFig. 9 an alternative exemplary embodiment of a method

for pressing a lens array will be explained in detail.

In contrast to the method illustrated in Fig. 8 a substrate plate
14 is placed on the lower part 11 of the pressing mold. Otherwise,
the method corresponds to the embodiment illustrated in Fig. 8,
i.e. in particular the upper part 10 of the pressing mold defines
the shape of aspheric lenses 3. In this embodiment of the method
the material of the blanks likewise forms into plate 4 on which

lenses 3 are arranged.

Plate 4 and substrate plate 14 are bonded in a large area, such
that the lens array produced by this exemplary embodiment has a
higher stability than that of the exemplary embodiment illustrated
in Fig. 8. '
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The interface between plates 14, 4 preferably is substantially
flat.

This may be achieved, e.g., by using a glass as a substrate plate
14 that has a higher glass transformation temperature Tg, or by
maintaining plate 14 at a lower temperature during the hot pressing

operation,
It will be understood that the invention is not limited to a

combination of the features suchas described above; rather aperson

skilled in the art may combine any features, as appropriate.

Reference numerals

LED light source
LED

collimation lens
plate

light beam

lens afray

sphere

L ~ e W N

asphere

9 focal shift

10 pressing moid upper part
11 pressing mold lower part
12 blank

13 recess

14 substrate plate
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A LED light source comprising a plurality of LEDs and an array
including a plurality of collimation lenses made of glass or
glass ceramics, wherein an aspect ratio of said collimation

lenses is larger than 0.1,

The LED light source of the preceding claim, characterized
in that said collimation lenses comprise a freeform surface,
and in particular in that said collimation lenses have an

aspherical shape.

The LED light source of claim 1 characterized in that said

collimation lenses have a spherical shape.

The LED 1ight source according tc any of the preceding claims,
characterized in that the aspect ratio is more than 0.2,

preferably more than 0.3 and most preferably more than 0.4.

The LED light source according to any of the preceding claims,
characterized in that said collimation lenses are spaced from
said LEDs by less than 1.5 mm, preferably less than 1.0 mm,

and most preferably less than 0.5 mm.

The LED light source according to any of the preceding claims,

characterized in that said LED light source is formed such
that light emitted by said LED in an angle of at least + 30°,

preferably = 50°, is emitted substantially in a bundle in

forward direction.

The LED light source according to any of the preceding claims,
characterized in that the LED light source is formed such that

divergence of a light beam of light emitted by the LED in an
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emission angle of + 60° from a central axis of the LED is,
in a distance of 25 cm, less than 5 cm, preferably less than

2.5 cm.

The LED light source according to any of the preceding claims,
characterized in that said collimation lens is made from a
material having a refractive index nys of more than 1.4,

preferably more than 1.5, most preferably more than 1.7.

The LED 1light source according to any of the preceding claims,
characterized in that said collimation lens is made from a
material having an Abbe coefficient vg4 of more than 35,

preferably more than 40, most preferably more than 50.

The LED light source according to any of the preceding claims,
characterized in that said collimation lenses are disposed

on a transparent plate.

The LED 1light source according to any of the preceding claims,
characterized in that the crown height of the collimation
lenses is more than 0.1, preferably more than 0.3, and most

preferably more than 0.5 mm.

The LED 1ight source according to any of the preceding claims,
characterized in that said collimation lenses have a diameter

from 0.2 to 10 mm, preferably from 1 to 5 mm.

The LED light source according to any of the preceding claims,
characterized in that said lenses are arranged on a plate made
of glass or glass ceramics, and in that said plate functions

as a filter or converter.

The LED 1light source according to any of the preceding claims,

characterized in that said lenses are arranged on a plate made



15.

le6.

17.

18.

19.

20.

21.

(32) JP 2010-74167 A 2010.4.2

of glass or glass ceramics, and in that said plate has an

optically active microstructure at one or both of its faces.

The LED 1light source according to any of the preceding claims,

characterized in that saidplate comprises at least two layers.

The LED light source according to the preceding claim,
characterized in that the interface between the at least two

layers is substantially flat.

The LED light source according to the preceding claim,

characterized in that said lenses are spaced from each other
on their edges by less than 5, preferably less than 2, and
most preferably less than 1 mm, and in particular in that they

are directly adjacent to each other.

The LED 1light source according to any of the preceding claims,

characterized in that the lens array is formed in one piece.

A method for fabricating a lens array, in particular a lens
arrays according to any of the preceding claims, comprising
the following steps:

- introducing blanks, in particular glass blanks, into a
pressing mold which has a plurality of recesses;

- pressing the blanks into lenses, in particular into
collimation lenses, whereby said blanks at least partially

bond to each other.

The method for fabricating a lens array according to the
preceding claim, characterized in that said mold is

substantially flat on one of its sides.

The method for fabricating a lens array according to any of

the preceding claims, characterized in that while pressing
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the blanks are pressed against a substrate such that the

material of the blanks combines with said substrate.

The method for fabricating a lens array according to any of
the two preceding claims, characterized in that at least during
pressing the blank material is softer than the substrate

material.

The method for fabricating a lens array according to any of
the three preceding claims, characterized by thinning the

substrate following the pressing step.

The method for fabricating a lens array according to any of
the preceding claims, characterized by pressing the blanks
onto a substrate made of a different material, in particular
onto aglass substrate havinga different glass transformation

temperature T,.

Abstract

The invention relates to a LED light source comprising a preferably

aspheric glass lens having an aspect ratio of more than 0.1.

(Representative Drawing)
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