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(57) Abstract: The invention relates to a lighting apparatus (1) comprising an exciting light source (2), e.g. a blue laser diode array,
for emitting exciting light (3, 6); a phosphor element (11) comprising a phosphor (9) for converting at least partially the exciting
light into yellow light (12); a solid state light source (14), e.g. a blue LED, for emitting blue light (13); an optical system for guiding
the exciting light onto the phosphor element and guiding and mixing the converted yellow light (12) and the blue light (13). The op -
tical system may comprise a dichroic mirror (5) for reflecting blue light (3; 13) and transmitting yellow light (12).
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Description

Lighting apparatus with phosphor element

Technical Field

The invention relates to a lighting apparatus comprising
a phosphor element for converting exciting light into

converted light.

Background of the Invention

For numerous lighting applications wutilizing 1light
guides, in particular for endoscopy, microscopy and medi-
cal headlamps, light sources with high colour rendering
index (CRI) and high lumen output as well as high bright-
ness are necessary. Traditionally, Xenon short-arc dis-
charge lamps (e.g. OSRAM XBO®) with power input of sev-
eral 100 W, embedded in optical reflectors, have been
used. Due to the relatively high input power, limited
lifetime with shifting luminous properties and adverse
thermal impact on illuminated targets, there has been
growing demand for alternative, more energy efficient
light sources. Solid state light sources such as 1light
emitting diodes (LED) are becoming increasingly popular
for general lighting applications. However, white LEDs do
still not provide the high lumen output and brightness

needed for special lighting applications.

UsS 7,494,228 B2 discloses a light generating system for
mixing different light colours from different LEDs or en-
ergized phosphors. Fig. 7 shows a system comprising an
array of blue or UV LEDs 76 energizing a green phosphor
74 through a dichroic mirror 82. The converted green

light is reflected by the dichroic mirror into a mixing
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tunnel 90. Furthermore, blue light emitted by an array of
blue LEDs 92 and red light emitted by an array of red
LEDs 98 are reflected by respective dichroic mirrors 96,
102 into the mixing tunnel 90. Accordingly, the green
light, blue 1light and red light are mixed in the mixing
tunnel 90 and directed to the output port 104 of the mix-
ing tunnel 90. The output port opening is matched to a

light guide 52.

Description of the Invention

It is an object of the present invention to provide a
lighting apparatus, based on at least one solid state
light source, suitable for lighting applications that re-
quire white light of high brightness.

It is also an aspect of the present invention to provide
a solid state lighting apparatus suitable for technical

and medical light guide applications.

The object of the present invention is achieved by a
lighting apparatus comprising: an exciting light source
for emitting exciting light; a phosphor element compris-
ing a phosphor for converting at least partially the ex-
citing 1light into vyellow 1light; a solid state 1light
source for emitting blue light; an optical system for
guiding the exciting light onto the phosphor element and
guiding and mixing the converted yellow 1light and the
blue light.

Additional features of preferred embodiments are defined

in the dependent claims.
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According to the present invention, converted vyellow
light, emitted by a phosphor layer when excited by excit-
ing light, is mixed with blue light, emitted by at least
one solid state light source, e.g. a laser diode or a
light emitting diode (LED) such as a blue high-power
multi-chip LED, resulting in white light.

In the context of the present invention the term phosphor
means any wavelength-converting substance such as a fluo-
rescent or phosphorescent material. Furthermore, the
phosphor may also comprise more than one phosphor compo-
nent, i.e. may be a mixture of two or more phosphor com-

ponents.

To achieve lumen output as high as possible, the exciting
light source may comprise at least one laser 1light
source, preferably a laser diode, a laser diode stack or
an array of laser diodes. In the case of multiple laser
light sources , each one may emit laser light having the
same specific centre wavelength (for example 450 nm, 445
nm or 405 nm), i.e. all of the laser light sources are of
the same type. Alternatively, the exciting light may com-
prise a mixture of different centre wavelengths, i.e.
multiple laser light sources of different type may be

used.

Depending on the type of phosphor used, the exciting
light may be blue or violet or even ultraviolet light be-
ing converted to yellow light, i.e. light of longer wave-
length ("down-converting”™). According to a preferred em-
bodiment, an array of laser diodes emits exciting light
with wavelength of about 450 nm (blue 1light). The Dblue

laser light is at least partially wavelength-converted by
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a suitable phosphor, e.g. YAG:Ce or (Yp.06Cep.04)3 Als. s
Gai.zs 012, to yellow light having a broad spectral distri-
bution with a peak at approximately 570 nm. Any other
suitable phosphor emitting yellow light may be used or
even a mixture of two or more phosphor components, which
as a whole emits vyellow light. The wavelength-converted
yellow light is mixed with blue LED light, e.g. with a
wavelength of approximately 470 nm, resulting in white

light.

The luminous properties, particularly the CRI, of the
mixed light emanating from the lighting apparatus may be
further improved by adding red and/or green light to the
yellow and blue light. For this purpose the lighting ap-
paratus may further comprise a red and/or green light
emitting LED and/or a supplemental phosphor element com-
prising a red light emitting phosphor, e.g.
(Sr,Ba,Ca)»SisNg or CaAlSiN;:Eu, and/or green light emit-
ting phosphor, e.g. (Bap.s0Eup.s0Mng.30) MgAl100:7. The supple-
mental red and/or green light emitting phosphors may be
mixed with the vyellow light emitting phosphor for emit-
ting a converted mixed light, comprising yellow and red
and/or green light. Finally, the converted mixed light is
mixed with the blue light, emitted by the at least one
solid state light source, resulting in mixed white light

with improved CRI.

Preferably, pre-adjusted values of the corresponding col-
our temperature (CCT), e.g. 5000 or 6000 K, and colour
rendering index (CRI), e.g. min. 60, preferred min. 70,
more preferred min. 80, of the mixed white light may be

achieved by adjusting and controlling the respective out-
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put powers of the exciting light source and the at least

one blue LED.

According to a preferred embodiment, the phosphor element
comprises a carrier member having a front face, whereby
the phosphor is arranged on the front face of the carrier
member, e.g. as a phosphor layer. Advantageously, the
carrier member 1s made from a material with suitable
cooling properties, e.g. a metal such as copper, alumin-
ium or the 1like, facilitating dissipation of the heat
generated by the exciting light when impinging on the
phosphor layer. For further improved cooling the phosphor
element may also be arranged on a rotating device. If the
carrier member comprises a solid body, the wavelength-
converted light is reflected off the phosphor element and
collected and mixed by an optical system ("reflective
mode") . However, the carrier member may also comprise a
light-transmissive sheet for transmitting the wavelength-

converted light ("transmissive mode").

The optical system may comprise a dichroic mirror, having
a rear side and a front side, each of which, for example,
may comprise interference layers. The rear side 1is
adapted for reflecting the exciting light onto the phos-
phor element and transmitting the converted yellow light
emerging from the phosphor element. The front side is
adapted for reflecting the blue LED light and transmit-
ting the converted yellow light. Therefore, the converted
yellow light is transmitted by the dichroic mirror, but
the exciting light is blocked. This is particularly ad-
vantageous when using laser light for exciting the phos-
phor, because the resulting mixed white light is laser-

light-free, which may be relevant for certain applica-
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tions, particularly medical applications. Preferably, all
the elements of the lighting apparatus are arranged and
adjusted in such a way that the transmitted yellow 1light
and the reflected blue LED light exit the lighting appa-
ratus in the same direction, resulting in mixed white
light, for further wutilization, e.g. coupling into a

light guide such as a glass fibre.

The optical system may further comprise a first optical
element, arranged in front of the phosphor element, for
guiding the exciting light onto the phosphor layer. This
may help to avoid hot-spots on the phosphor layer, par-
ticularly when using high power laser light for exciting
the phosphor. The converted yellow light is collected and
guided by the first optical element in the direction of
the rear side of the dichroic mirror. Furthermore, a sec-
ond optical element may be arranged in front of the blue
LED for guiding the blue LED light in the direction of
the front side of the dichroic mirror. Each of the opti-
cal elements may be elongated and designed to transmit
light by way of total internal reflection (TIR) along its
longitudinal axis. Further optical elements, e.g. colli-
mating lenses, may be beneficial for shaping the various
light beams of the lighting apparatus. Further details

will be explained in the description of the drawing.

Furthermore, two or more mixed white light beams, each
emanating from separate lighting apparatus according to
the invention, may be mixed in a modular manner to en-

hance lumen output.
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Brief Description of the Drawing

A preferred embodiment of the present invention will now
be described, by way of example, with reference to the

accompanying drawing in which:

Fig. shows a schematic top view of an embodiment of a
lighting apparatus according to the present inven-

tion.

Preferred Embodiment of the Invention

The only Fig. schematically shows a preferred embodiment
of a lighting apparatus 1 according to the invention, de-
signed for substituting a 300 W Xenon lamp in lighting
applications such as endoscopy, microscopy and medical

headlamps.

A laser diode array 2, comprising 6 times 7 individual
blue 1laser diodes (not shown), delivers a total laser
output power of approximately 42 W. The blue laser beam
3, comprising 42 individual 1laser beams (not shown),
which are arranged to form a 6 times 7 matrix array of
laser beams, is being reflected by the rear side 4 of a
dichroic mirror 5. For this purpose the rear side 4 of
the dichroic mirror 5 comprises an interference coating
for reflecting blue light, but transmitting yellow light.
The dichroic mirror 5 is tilted such that the angle of
incidence of the incident blue collective laser beam 3 is
approximately 45°. Therefore, the angle between the inci-
dent collective laser beam 3 and the reflected collective
laser beam 6 is approximately 90°. The reflected collec-
tive laser beam 6 passes a lens 7, which focuses the 42

individual laser beams on the 4 mm?’ entrance of a first
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TIR-optic 8. The first TIR-optic 8 guides the individual
laser beams onto a phosphor layer 9 by virtue of total
internal reflection, thus avoiding hot-spots on the phos-
phor layer 9. The TIR-optic 8 is of elongated and tapered
shape, whereby the smaller end of the TIR-optic 8 faces
the phosphor layer 9. The phosphor layer 9 is coated on a
carrier member 10, constituting a phosphor element 11.
The carrier member 10 is made of aluminium, because of
its proper thermal properties. The phosphor layer 9 has a
thickness of approximately 40 pm and consists of the yel-
low light emitting phosphor (Yg.96Cep.04)3 Als. 75 Gai.zs O1z.
The phosphor layer 9 converts almost all (more than 95%)
of the impinging blue collective laser beam 6 to yellow
light, the latter of which is collected and guided by the
TIR-optic 8. Beyond the TIR-optic 8 the yellow light beam
12 passes through and is being parallelized by the lens
7, thereby avoiding unacceptable deviations from the des-
ignated incidence angle of the dichroic mirror 5 and,
hence, ensuring maximal transmission through its inter-
ference coating. The small unconverted remainder of the
blue laser beam 6, which is scattered back is blocked by
the rear side 4 of the dichroic mirror 5, thus avoiding
risk to the human eye. Furthermore, a blue light beam 13,
emerging from a blue LED 14 (LE B Q6WP from the company
OSRAM Opto Semiconductor), 1is guided through a second
TIR-optic 15, which is similar to the first one. The blue
LED 14 is mounted on a cooling plate 16. After passing
through and being parallelized by a second lens 17 the
blue light beam 13 is reflected by the front side 18 of
the dichroic mirror 5. For this purpose the front side 18
of the dichroic mirror 5 comprises an interference coat-

ing for transmitting the vyellow light beam 12, but re-
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flecting the blue LED light 13. The LED 1light branch,
comprising the blue LED 14, the second TIR-optic 15 and
the second lens 17, is aligned with respect to the tilted
dichroic mirror 5 such that the blue light beam 13 is re-
flected in the direction of the transmitted yellow light
beam 12, resulting in a mixed white light beam 19. The
mixed white light beam 19 is focused on the entrance ap-
erture of a light guide (not shown) wvia a third lens 20.
The lumen output achieved with the lighting apparatus 1
is approximately 2,600 Im.

Furthermore, means for adjusting and controlling the re-
spective output powers of the laser diode array 2 and the
blue LED 14 may be provided (not shown) for adjusting and
controlling the corresponding colour temperature (CCT)
and colour rendering index (CRI) of the mixed white light
beam. To this end, sensor elements (not shown) may be ar-
ranged for detecting light scattered from both TIR-
optics. The signals of the sensors may be used for ad-
justing the input power of the laser diode array 2 and

the blue LED 14, respectively.
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1.

Claims

A lighting apparatus (1) comprising:

an exciting light source (2) for emitting exciting

light (3, 6);

a phosphor element (11) comprising a phosphor for
converting the exciting light (2) at least partially
into vellow light (12);

a solid state light source (14) for emitting Dblue

light (13);

an optical system for guiding the exciting light (3,
6) onto the phosphor element (11) and guiding and
mixing the converted vyellow light (12) and the blue
light (13).

The 1lighting apparatus according to claim 1, wherein
the optical system comprises a dichroic mirror (5)
having a rear side (4) and a front side (18), the
rear side (4) being adapted for reflecting the excit-
ing light (3) onto the phosphor element (11) and
transmitting the converted yellow light (12) emerging
from the phosphor element (11), the front side (18)
being adapted for reflecting the blue light (13) ema-
nating from the solid state light source (14) and
transmitting the converted yellow light (12).

The lighting apparatus according to claim 2, wherein
the optical system further comprises a first optical
element (8), arranged in front of the phosphor ele-
ment (11), for guiding the exciting 1light (6) onto
the phosphor element (11) and collecting and guiding
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the converted vyellow light (12) in the direction of

the rear side (4) of the dichroic mirror (5).

The 1lighting apparatus according to claim 2 or 3,
wherein the optical system further comprises a second
optical element (15), arranged in front of the solid
state light source (14), for guiding the blue light
(13), emanating from the solid state light source, in
the direction of the front side (18) of the dichroic

mirror (5).

The lighting apparatus according to c¢laim 3 or 4,
wherein the optical element (8; 15) is elongated and
designed to transmit light by way of total internal

reflection (TIR) along its longitudinal axis.

The lighting apparatus according to any of the pre-
ceding claims, wherein the phosphor of the phosphor

element (11) comprises (Yo.96Ce0.04)3 Als 75 Gai.zs O1z.

The lighting apparatus according to any of the pre-
ceding claims, wherein the phosphor of the phosphor
element further comprises a red and/or green light

emitting phosphor.

The lighting apparatus according to any of the pre-
ceding claims, wherein the exciting light 1is blue

light (3, 6).

The lighting apparatus according to any of the pre-

ceding claims, wherein the exciting light source (2)
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comprises a laser light source, particularly a laser

diode, a laser diode bulk or a laser diode array.

The lighting apparatus according to any of the pre-
ceding claims, wherein the solid state light source

comprises a blue light emitting diode (LED).

The lighting apparatus according to any of the pre-
ceding claims, wherein the phosphor element (11) com-
prises a carrier member (10) having a front face,
whereby the phosphor is arranged on the front face of

the carrier member (10).

The lighting apparatus according to claim 11, wherein

carrier member comprises a rotating device.

The lighting apparatus according to any of the pre-
ceding claims, further comprising a control system
for achieving a pre-adjusted CRI by controlling and
adjusting the respective output powers of the excit-

ing light source and the solid state light source.
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