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(57) Abstract: The illumination source has a LED light source (2) generating a first divergent light field (6). The light from the
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cus in order to generate a third light field (35) whose divergence can be varied.



WO 2012/027851 PCT/CH2010/000216

10

15

20

25

30

35

Illumination source with variable divergence

Technical Field

The invention relates to an illumination
source having a LED light source and variable optics for
generating a light field with variable divergence. The

invention also relates to an optical assembly for such an

‘illumination source.

Background Art

For illumination purposes, a light source
should advantageously generate a light field having an
intensity distribution that decays continuously and mono-
tonically in radial direction, or that is homogeneous
over a cerfain radius. 4 )

However, an LED light source, in particular
an LED light source comprising a large LED or an array of
LEDs, is not a point light source, and the photons emit-
ted by its active surface are divergent and have poor
spatial correlation. Hence, it is difficult to process
the light field emitted by an LED light source in order
to efficiently obtain a light field suited for illumina-
tion purposes. _

US 2006/0045501 describes an LED light source
that generates a divergent light field. This light field
is processed by a first optical element structured to
generate a collimated light field. The collimated light
field is sent onto a second opticai element having vari-
able focus. The second opticai element generates a light

field of wvariable divergence.

Disclosure of the Invention
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It is a general object of the invention to
provide an alternative illumination source of this type.

This object is achieved by the illumination
source of claim 1. Accordingly, the illumination source
comprises' the following componénts: ‘

- An LED light source generates a first di-
vergent light field. The first divergent light field has
a first divergence.

- A first optical element is arranged and
structured to receive all or at least part of the first
divergent light field and to generate a second divergent
light field therefrom. In other words, the light field
generated by the first optical element is still diver-
gent, and not collimated. However, the divergence of the
second light field, subsequently called the “second di-
vergence”, is smaller than the firsf divergence.

~ A second optical element located downstream
from the first opticél element comprises a variable lens
having a lens interface with variable curvature. The sec-
ond optical element is arranged and structured to receive
all or at least part of the second divergent light field
and to generate a third light field with variable diver-
gence. The divergence of the third light field can be
varied by varying the curvature of the lens interface of
the second optical element.

~ In contrast to prior art solutions, there-
fore, the present design relies on having a divergent
light field between the first and the second optical ele-
ment. The ad&antages of this design can be twofold:

- The first optical element can be of simpler
design as compared to the design where the second light
field had to be collimated. )

- The divergence of the second light field
makes it easier to achieve a large diameter light field
at the input side of the second optical element. A too A

small diameter would require a second optical element of
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very small dimensions, which would be difficult to manu-
facture and to align.

Advantageously, the first optical element
comprisés light scattering structures that scatter the
light from the light source. It is found that this meas-
ure improves the homogeneity and monotonous lateral in-

tensity decay of the outgoing third light field. In addi-

tion, using scattering structures is particularly advan-

tageous if the LED light source comprises a plurality of
LEDs having different emission spectra because the scat-
tering structures tend to mix the colors from the differ-
ent LEDs, thereby generating a more homogeneously colored
third light field.

In a particularly advantageous embodiment;
the variable-curvature interface separates a higher re-
fractive section from a lower refractive section, and the
higher refractive section is arranged at a side of the
interface facing the led light source. The interface
forms, for at least some of the curvatures that it is de-
signed to have, a convex surface of the higher refractive
section. In other words, the section with the higher re-
fractive index has a convex side facing away from the LED
light source. It has been found that this measure reduces
spherical aberrations and leads to a more monotonous ra-
dial intensity decay of the outgoing third light field.

In this context, the terms “higher refractive
section” and “lower refractive section” are to be under-
stood as describing that the space at one side of the in-
terface has higher refractive index than at the other
side of the interface. This space can e.g. be a liquid at
one side and air at the other side, or two liquids of
different index of refraction.

The invention also relates to an optical as-
sembly for an illumination source of the type above com-
prising the first and the second optical element as de-

scribed above, which are suitable to be combined with an
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LED light source in order to build the illumination
source of claim 1.

In other words, such an assembly comprises

a first optical element structured to receive
first divergent light field from an LED light source and
to generate a second divergent light field with a second
divergence, wherein said second divergence is smaller
than said first divergence, and

a second optical element comprising a vari-
able lens having a lens interface with variable curva-
ture, wherein said variable lens is arranged and struc-
tured to receive said second divergent light field and to
generate a third light field with variable divergence.

The invention is particularly suited for il-
lumination purposes, in particular for spotlights having

variable divergence.

Brief Description of the Drawings

The invention will be better understood and
objects other than those set forth above will become ap-
parent when consideration is given to the following de-
tailed description thereof. Such description makes refer-
ence to the annexed drawings, wherein:

Fig. 1 shows a sectionél view of an illumina-
tion source with its second optical element being ad-
justed to generate a substantially collimated beam,

Fig. 2 shows the illumination source of Fig.
1 with its second optical element being adjusted to gen-
erate a substantially divergent beam, and

Fig. 3 shows a second embodiment of an illu-

mination source with an LED array and a reflector array.

Modes for Carrying Out the Invention

Definitions:
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_ The “divergence” of a light field designates
the half-angle of divergence of the light field in the
far field, il.e. at a distance much larger than the wave-
length from a minimum diameter of the light field.

The term “divergent light field” designates a
light field having a divergence exceeding 10°.

A “collimated beam” or “collimated light
field” designates a light field having a divergence sub-
stantially equal to 0°.

The term “axial” designates the direction pa-

rallel to the optical axis 1 of the system, the term

W

ra-—

dial” the directions perpendicular thereto.

Illumination source design:

Figs. 1 and 2 show a first embodiment of an
illumination source. The illumination source is advanta-
geously of substantially rotational symmetric design
about an optical axis: 1, but it may also be non-
symmetric, dependingxon the desired geometry of the out-
going light field.

The illumination source comprises an LED
light source 2, which can e.g. be mounted on a substrate
3. The LED light source comprises one or more LEDs 4. If
several LEDs 4 are used, they are advantageously arranged
side-by-side on substrate 3.

LED light source 2 can comprise a plurality
of LEDs 4 having different emission spectra in order to
generate a light field-having a mixed color different
from the color that can be obtained from a single LED.
For example, LED light source 2 can comprise three red,
three green and one blue LED in order to generate light
of substantially white color.

The LEDs 4 may also comprise luminescent sub-
stances for modifying their color as known to the skilled
person. |

| Advantageously, LED light source 2 further

comprises a primary lens element 5 cast over the LEDs 4,
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thereby embedding at least a part of each LED 4. Such a
primary lens, which is known to the skilled person, al-
lows to slightly decrease.the extremely high divergence
of the light exiting from the active surface of the LEDs.

The light field exiting from the LED light
source 2 is called the “first light field” 6 and it has a
first divergence al, which is typically between 50 and 70
degrees. _

Primary lens element 5 is arranged at least
partially in a recess 7 of a first lens element 10. First
lens element 10 is advantageously separate from primary
lens element 5 and is formed by a single lens body. Re-
cess 7 is axially delimited by a convex section 11 of
first lens element 10 and radially by a cylindrical or
frusto-conical section 12 of first lens element 10. Fur-
ther, first lens element 10 comprises an outer surface
13, which e.g. may be frusto-conical or, more generally,
flared, with a radial diameter inéreasing away from LED
light source 2. Outer surface 13 forms a mirror for light
beams within first lens element 10, advantageously using
total internal reflection. Finally, first lens element 10
comprises a substantially flat or slightly curved exit
surface 14 facing away from LED light source 2, through
which light exits. Lenses of this design are known to the
skilled person as “LED lenses” or “TIR lenses”.

Advantageously, exit surface 14 is a light
scattering surface. For this purpose, fine scattering
structures 15, such as small recesses or grooves, are
distributed over surface 14. Using a light scattering
surface is particularly advantageous in combination with
multi-color light sources as described in the summary of
the invention above. However, light scattering structures
are also advantageous in combination with a uniformly co-
lored light source as they has been found to improve the
homégeneity (or the radial decay properties) of the light

emitted by the illumination source.
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A support 17 is provided for mounting first
lens element 10, e.g. on substrate. 3.

_ The design of first lens element 10 is known
to a skilled person. Lens elements of this type are gen-
erally used for decreasing the convergence of the light
from LED light sources. '

‘ In the present design, first lens element 10
is chosen and positioned such that the light field 19 ex-
iting from first lens element is still divergent. This
light field 19 is subsequently called the “second light
field” and it has a second divergence o2, which is small-
er than the first divergence all Advantageously, though,
second divergence a2 is at least 10°, in particular at
least 17°.

Second light field 19 impinges on a second
optical element 20. Second optical-element 20 located
downstream from first lens element 10, advantageously at
a distance therefrom.

Second optical element 20 comprises a vari-
able lens of adjustable focal length. This type of ad-
justableylenses is known to the skilled person and e.g.
described in WO 2009/021344.

In one advantageous embodiment, second opti-
cal element 20 comprises a flexible, elastic membrane 21
enclosing an opening of an otherwise closed, rigid cavity
22. Cavity 22 is filled with a liquid 23. Membrane 21
forms the axial exit surface of cavity 22 that faces away

from'LED light source 2, while the axial entry surface of

~cavity 22 is formed by a transparent, rigid wall 24. Ra-

dially, cavity 22 is enclosed by a rigid cylindrical wall
26. Membrane 21 is suspended within wall 26.

| In the present embodiment, cavity 22 is axi-
ally displaceable by means of a displacement mechanism,

schematically illustrated at reference number 28. Dis-

.placement mechanism may bé manually or electrically oper-

ated.
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Further, second optical element 20 of the
present embodiment comprises a lens shaper 30 having an
annular "edge 31 abutting against membrane 21. Lens shaper
30 is stationary. Hence, when displacing cavity 22 by
means of displacement mechanism 28, lens shaper 30 exerts
a varying force against membrane 21, thereby deforming
it. This is illustrated in Figs. 1 and 2, where Fig. 1

shows cavity 22 in a position where lens shaper 30 de-

forms membrane 21 strongly into a convex shape, while

Fig. 2 shows cavity 22 in a position where lens shaper 30
does not exert substantial force on membrane 21 and mem-
brane 21 is basically flat.

Specific designs of such a lens element are
disclosed in WO 2009/021344.

In more general terms, as mentioned in the
summary of the invention above, second optical element 20
comprises a lens interface (formed by membrane 21) of va-
riable curvature. By varying this curvature, the focal
length‘of second lens element 20 can be changed.

In the situation as sthn in Fig. 1, second
optical element 20 is configured to have a short focal
length because liquid 23 forms a plano-convex lens with
its convex side strongly curved. In the situation shown
in Fig. 2, second optical element 20 has a very large fo-
cal length, in the present example infinite focal length,
because membrane 21 is basically flat.

As a consequence, the divergence of the light
field 35 exiting from second optical element 20 can be
varied. In the case of Fig. 1, the divergence of the ex-
iting light field is substantially zero or at least small
because second optical element 20 is configured to sub-
stantially compensate the divergence a2 of second light
field 19. In the case of Fig. 2, the divergence of third
light field '35 is substantially equal to the divergence
o2 of second light field 19 because liquid 23 substan-

tially forms a slab having parallel axial surfaces and
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therefore does affect the divergence of the light passing
through it.

In this manner, the divergence of the third
light field 35 can be varied easily.

The exact design of seéond optical element 20
is not of primary relevance. -Various types of variable
lenses can be used, e.g. also those described in US
2006/0045501.

» Second optical element 20 has a focal length
that can be varied over a certain focal range. Advanta-
geously, at least part of said range is larger than or
equal to zero, i.e. lens element 20 can be configured to
be a positive (converging) lens in order to reduce the
divergence of second light field 19. However, if second
optical element 20 should also be able to widen the di-
vergence of second -light field 19, at least part of the
range can be smaller than zero, i.e. lens eiement 20 can
be configured.to be a negative (diverging) lens. An ad-
vantageous range of the focal length is between -100 mm
and infinite for the negative range and between 30 mm and
infinite for the positive range.

In order to further optimize the third light
field, the distance between the first and second optical
elements 10, 20 can, advantageously, be adjustable. This
is schematically illustrated in Fig. 1 by an adjusting
element 38, which couples second optical element 20 to
substrate 3. Again, adjusting element 38 may be manually
or electrically operated.

The system described here is readily adapted
to different types of LED light sources. Since the first
and second optical elements 10, 20 are separate, the
first lens element can be modified to account for LED
light sources of different spatial emission charactefis—
tics without a need to adapt the second optical element
as well. In other words, a set of different first lens
elements can be provided, each of which is optimized for
a different type of LED light source. All of these first
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lens elements can be combined with a single type of sec-
ond optical element.

Fig. 3 shows a second embodiment of an illu-
mination source. In this second embodiment, the LED light
source consists of an array of LEDs 4 (each of which can
be a single LED or, in turn, an assembly of several tEDs,
e.g. of different colors). Each LED 4 is enclosed in a |
primary lens 5, and it is located at a base of a reflec-
tor 39, which may be a parabolic reflector or a reflector
of higher order.

In other words, the second embodiment has an
LED light source 2 comprising a plurality of LEDs 4, and
the first optical element 10 comprises an array of re-
flectors 39. At least one LED 4 is arranged in each re-
flector 39. The light from the LED light source 2 has a

large “first” divergence, similar to the divergence al of

.the.embodiment of Fig. 1 and 2, while the optical element

10 decreases the same to a “second” divergence having an
angle a2 < al. The second light field 19 emerging from
the reflectors 39, i.e. from the first optical element
10, enters second optical element 20 and is processed
therein in a manner similar to the first embodiment.

For example, in the configuration shown in
Fig. 3, second optical element 20 and in particular its
variable lens is‘positioned to generate a roughly colli-
mated third light field (even though a high quality col-
limation can never be achieved for light from such an ex-
tended light source). When increasing the focal length of
the lens of Fig. 3, the divergence of third light field

35 increases as well.

Notes: i

In Figs. 1 - 3, the axial entry side of sec-
ond optical element 20, which is formed by wall 24, is
shown to be flat. It must be noted, however, that .it

might also be curved in order to adapt the properties of
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second optical .element 20 to a desired range of focal
lengths.

The illumination source of the present inven-
tion can e.g. be incorporated into a spotlight equipped
with a user-operated part that allows to manually change
the focal length of second optical element 20, either di-
rectly by hand (e.g. by rotating a ring of the hosing) or
indirectly by using a tool (e.g. a screwdriver).

While there are shown and described presently
preferred embodiments of the inventioh, it is to be dis-
tinctly understood that the invention is not limited the-
reto but may be otherwise variously embodied and prac-

ticed within the scope of the following claims.
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Claims

1. An illumination soﬁrce comprising

an LED light source (2) generating a first
divergent light field (6) with a first divergence (al),

a first optical element (10) arranged and
structured to receive said first divergent-light field
(6) and to generate a second divergent light field (19)
with a second divergence (a2), wherein said second diver-

gence (a2) is smaller than said first divergence (al),

a second optical element (20) comprising a
variable lens having a lens interface (21) with variable
curvature, wherein said variable lens is arranged and
structured to receive said second divergent light field
(19) and to generate a third light field (35) with vari-
able divergence.

2. The illumination source of claim 1 wherein
said LED light source (2) comprises at least one LED (4)
and a primary lens element (5), wherein said LED (4) is
at least partially embedded in said primary lens element
(5), and wherein said primary lens element (5) is sepa-
rate from said first optical element (10).

3. The illumination source of claim 2 wherein
said primary lens element (5) is arranged at least par-
tially in a recess (7) in said first optical element
(10) .

4. The illumination light source of any of

‘the preceding claims wherein said first optical element

(10) comprises a first lens element.

5. The illumination source of claim 4 wherein
said first lens element is a single lens body.

6. The illumination light source of any of
the claims 1 to 3 wherein said first optical element com-
prises an array of reflectors (39) and said LED light
source (2) comprises an array of LEDs (4), wherein at

least one LED (4) is arranged in each reflector (39).
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7. The illumination source of any of the pre-
ceding claims wherein said first optical element (10)
comprises light scattering structures (15) scattering the
light field from the LED light source (2).

8. The illumination source of claim 7 wherein
said light scattering structures (15) are arranged on a
light scattering surface (14) of said first optical ele-
ment (10), wherein the light scattering surface (14) fac-
es said second optical element (20).

9. The illumination source of any of the pre-
ceding claims wherein said second divergence (a2) is at
least 10°, in particular at least 17°.

10. The illumination source of any of the
preceding claims wherein the distance between said first
optical element (10) and said second optical element (20)
is adjustable.

11. The illumination source of any of the
preceding claims wherein said lens interface (21) sepa-
rates a higher refractive section (23) from a lower re-
fractive section, with said higher refractive section be-
ing arranged at a side of said lens interface (21) facing
said LED light source (2), and wherein said lens inter-.
face (21) is a convex surface of said higher refractive
section (23) for at least some of the variable curvatures
of said lens interface.

12. The illumination source -of any of the
preceding claims wherein said LED light source (2) com-
prises a plurality of LEDs (4) having different emission
spectra.

13. The illumination source of any of the
preceding claims wherein a focal léngth of said second
optical element (20) can be varied over a focal range,
wherein at least part of said focal range is larger than
or equal to zero.

’ 14. The illumination source of any of the

preceding claims wherein said second optical element (20)
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is located at a distance from said first optical element
(10) .

15. An optical assembly for the illumination
source of any of the preceding claims comprising

a first optical element (10) structured to
receive first divergent light field (6) from an LED light
source and to generate a second divergent light field
(19) with a second divergence (a2), wherein said second
divergeﬁce (a2) is smaller than said first divergence
(al), and

a second optical element (20) comprising a
variable lens having a lens interface (21) with variable

curvature, wherein said variable lens is arranged and

" structured to receive said second divergent light field

(19) and to generate a third light field (35) with vari-

able divergence.
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