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(54) Title: METHOD FOR MANUFACTURING A PHOSPHOR DEVICE AND LIGHTING APPARATUS COMPRISING SUCH
PHOSPHOR DEVICE

(57) Abstract: According to the present invention, the phos-
phor layer (6) of a phosphor device (1) is deposited on a
coating electrode (5), attached to its optical transmitting
member (2), by virtue of electrophoretic deposition (EPD).
Due to EPD, the thickness of the phosphor layer can be con-
trolled precisely which is relevant to the efficiency of the
phosphor device. The optical transmitting member (2) is de-
signed for receiving exciting light, e.g. laser light, through its
first end face (3), guiding it to the phosphor layer (6). The
exciting light is being converted by the phosphor layer (6) to
wavelength-converted light. The converted light is collected
and guided by the transmitting member (2), finally leaving
its first end face (3) for further use. The optical transmitting
member (2) is made of optically transparent material with
good thermal properties to facilitate heat transter from the
phosphor layer (6). The heat transfer may be further im-
proved by attaching a heat sink (8) to the phosphor layer (6)
by way of heat transfer paste (7).
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Description

Method for manufacturing a phosphor device and lighting

apparatus comprising such phosphor device

Technical Field

The invention velates to a phosphor device, particularly
to a method for manufacturing a phosphor device. Further-
more, the invention relates to a lighting apparatus com-

prising such phosphor device.

Background of the Invention

Phosphor deviceg are used in lighting apparatus wherein
the phosphory (component or mixture}), i1.e. a substance
with wavelength-converting properties, e.g. a fluorescent
or luminescent substance, is vemote from the exciting
light source. Therefore, they are alsco called remote
phosphor devices. Rewmote phosphor devices can be used in
various lighting applications, e.g. in RGB projection
eguipment, generating red (R), green (G} and blue (B)
light for coloured video projection. Other possible
lighting applications cowmprise medical, architectural or

entertainment lighting with coloured or white light.

In prior art remote phosphor devices, such as phosphor
wheels or LED based illumination devices, a carrier plate
or an optical transmitting member is coated with phos-
phoxr. The phosphor is excited by exciting light, e.q.
vigible blue laser light (450 nm), impinging on the phos-
phor layer. The exciting laser light dis wavelength-
converted by the phosphor to generate light with longer
wavelengths (e.g. brecad spectral distribution with a peak

at approximately 520 mm for green light).
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The wavelength-converted light from the phosphor is col~
lected by an optical transmitting member, e.g. an optical
collimator such as a lens made of glasgs or a compound
parabolic concentrator (CPC) or a compound elliptical
concentrator {CEC) etc., arranged in front of the phos-

rhor.

In U.5. Patent No. 7,543,959 an illumination system com-
priging a light socurce and an optical concentrator coated
with phosphor is disclosed. Exiting light from the light
source, e.g. a light emitting diode (LED), enters the op-
tical concentrator on its larger end face and is concen-
trated towards its gmaller end face. The smaller end face
is coated with a phosphor layer, which is exited by the
concentrated exiting light. The exiting light is wave-
length-converted by and transmitted through the phosphor

layer {(“transmissive mode” phosphor device).

Degcription of the Invention

It is an object of the present invention to provide a

method for manufacturing a phosphor device.

The object of the present invention is achieved by =a
method for manufacturing a phosphor device comprising the
steps: providing an optical transmitting wmember having a
first end face and a second end face, whereby the optical
transmitting member is designed for guiding exciting
light entering through the first end face onto a phosphor
layer arrvanged on the second end fave, whereby at least a
part of the exciting light is being wavelength-converted
by the phosphor layer, and whereby the optical transmit-

ting member ig further designed for at least partially
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collecting and guiding the light converted by the phos-
phor layer; attaching an coptically transparent electrode
on the sscond end face of the optical transmitting mem-
ber; providing a phosphor and a counter-electrodes de-
signed for electrophoretic deposition of the phosphor;
depositing a phosphor layer on the optically transparent
electrode by means of electrophoretic deposition (EPD),
thereby using the optically transparent electrode as a

coating electrode.

Additional features of preferrved embodiments are defined

in the dependent claims.

furthermore, protection is sought for a lighting appara-
tus comprising the phosphor device manufactured according

to the present invention.

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

ponents.

According Lo the present invention, the phosphor laver of
a phosphor device is deposited on the coating electrode
attached to its optical transmitting mewmber by virtue of
electrophoretic deposition ({EPD). The thicknesg of the
phosphor layerxr, which is relevant to the efficiency of
the phosphor device, can be controlled precisely by the
EPD process. The concept of ceoating the phosphor directly
onto a coating electrode of the optical transmitting mewm-
ber facilitates dissipation of the heat generated by the

exciting light when impinging on the phosphor laver, be-



WO 2012/139644 PCT/EP2011/055851

(551

10

i5

20

3G

cause there is ne alxr gap preventing the effective trans-
fer of heat to the optical transmitting wmember. For im-
proved heat dissipation the coptical transmitting member
way preferably comprise a thermally conductive though op-
tically transparent waterial, e.g. Al;0;, YV04;, YLF or

sapphire.

The coeoating electrode for depositing the phosphor layer
must be transparent for the exciting light in order to
enable the exciting light, guilded by and leaving the op-
tical transmitting member through its second end face, to
pass the coating electrode and impinge on the phosphor
layer. An appropriate coating electrode may be achieved
by coating a transparent, electrically conductive layer
cn the outer surface of the second end face of the opti-
cal transmitting member. The electrically conductive
layer may comprise tin oxide {7C}, indium tin oxide
(170}, aluminium =zinc oxide, a wetal mono laver oy
graphene. Since very small current densities, typically
several mA/mm” are sufficient for the deposition of the
phosphor layer, the thickness of the electrically conduc-
tive layer may tyvpically be in the range of several nm to
several tenth of nm. Alternatively, an appropriate opti-
cally transparent electrode may be achieved by placing a
wire mesh on the gecond end face of the optical transmit-
ting member. Because the coating slectrode has to support
only swmall currents during deposition of the phosphor,
the wire diameter can be sufficiently small to facilitate

appropriate mesh size and, hence, transparency.

The optically transparent cocating electrode may also be

separated into adjacent, sgeparately controllable coating

electrode zones, resulting in separated, adjacent phos-
"t o



WO 2012/139644 PCT/EP2011/055851

10

o5
i

20

36

phor zones. By virtue of this measure, different phosgphor
components, e.g. a red {(R), a green (G) and a blue (B}
light emitting phosphor may be subseqguently deposited on
respective electrode 2ones. When excited with ultraviolet
{UV} radiation, for example, the converted red, green and
blue light fractions way be collected and wmixed by the
optical transmitting wmenmber, resulting in wmixed white

light.

The phosphor wmay be deposited on the transparent coating
electrode by standard agueous EPD with the phosphor sus-
pended in water. This coating bath may be hold in a con-
tainer also serving as the counter-electrode. By applying
a DU volitage Dbetween the coating electrode and the
counter-electrode, a phosphor laver ig deposited on the
transparent coating electrode while being submerged into

the coating bath.

The optical transmitting wmember way be designed for
transmitting light and, as the case way be, for mixing
fractions of light of different colcur by way of total
internal reflection {TIR)} between 1lts first end face and
second end face. For this purpose, the optical transmit-
ting wember may be elongated and have a polygonal cross
section, particularly a triangular, rectangular or hex-

agonal cross section.

The method for manufacturing a phosphor device according
to the present invention may further comprise the step of
arranging a reflective means on the back side of the
phosphor layer, i.e. reverse to the side facing the opti-
cally transparent electrode and, likewise, reverse to the

side facing the impinging exciting light. Preferably, the
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reflective means comprises TiO0;, because its reflectivity
for light is approximately 928%, which is rewmarkably high
compared to 88-90% of a typical aluminium mirror. Due to
this measure the light converted by the phosphor layer is
effectively reflected towards the optically transparent
electrode and, hence, the second end face of the optical
transmitting mewber. The optical transmitting member col-
lects the comverted light through its gecond end face and

guides it to its first end face for further use.

To further improve heat dissipation a heat sink may be
attached to the back side of the phosphor layer by virtue
of a heat transfer paste. Preferably, the heat transfer
paste may contain Ti0;, as filler to add diffuse rveflec-

tive properties to the paste.

The phogphor device manufactured according to the present
invention may be part of a lighting apparatus, Ffurther
comprising at least one exciting light source, e.g. a la-
ser, preferably a laser diode or a laser diode array, for
emitting exciting light. The phosphor device and the ex-
citing light source are arranged such that the exciting
light is enabled to enter the phosphor device through the
first end face of the optical transmitting member. After
passing through the second end face of the optical trans-
mitting member and the optically transparent electrode,
the exciting light impinges on the phosphor layer where
it is at least partially being wavelength-converted by
the phosphor. The wavelength-converted light is collected
and mixed (spatially and, as the case may be, in terms of
colours) by the optical transmitting member after enter-
ing its second end face. Finally, the mixed light leaves

the optical transmitting wmewmber through the first end
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face. The mixed light may be guided and shaped by addi-
tional cptical devices for further use in various appli-
cationg. Further details will be explained in the de-

scription of the drawings.

Brief Description of the Drawings

Embodimgnts of the present invention will now be de-
scribed, by way of example, with reference to the accom-

panying drawings in which:

Fig. 1 i a side view of an ewbodiment of a phosphor de-
vice manufactured according to the present inven-

tion;

Fig. 2a is a side view of an optical transmitting mem-

ber comprising an optically transparent electrode;

Fig. 2b is a schematic view of the optical transmitting
member ghown in Fig. la and submerged into an EPD

bath;

Fig. 2c¢ shows the optical transmitting memwber after the

phosphor layer is applied by means of EPD;

-~

Pig. 3 shows a lighting apparatus comprising a phosphor

device as shown in Fig. 1.

Preferred Bmbodiments of the Invention

Fig. 1 schematically shows an embodiment of a phosphor
device 1 manufactured accoxding to the present invention.
The phosphor device comprises an elcngated optical trans-
mitting wmember 2 having a first end face 3 and a second

end face 4, a transparent coating electrode 5 attached on
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the outer surface of the second end face 4, a phosphor
layer ¢ deposited on the transparent electrode 5, a re-
flective means 7 attached on the back side of the phos-
phor layer 6 and a heat sink 8 coupled to the reflective

means 7.

The manufacturing of the phosphor device shown in Fig. 1
is explained with reference to the Figs. 2a-2¢, showing
different steps of the manufacturing. The same reference

numerals ayre used for the same oy similar features.

In Fig. 2a the optical transmitting member 2 is shown. It
is formed as a CPC with a hexagonal cross section and is
made of solid YVO;, because of its superior optical as
well as thermal properties. The thermal propertieg of
YVOsfacilitate heat transfer from the phosphor laver
while being excited by exciting light. 0Of course, other
material with similar optical and thermal properties
could be used. The second end face 4 of the optical
transmitting member 2 is being coated with a transparent
indium tin oxide {(ITO) layer 5 of less than 100 nm thick-

ness.

Next, the electrophoretic deposition (EPD) of the phos-
phor layer is explained. As schematically shown in Fig.
2b the second end face 4 of the optical transmitting mem-
ber 2 is submerged into a coating bath 2 held by a con-
tainer 10. The coating bath 9 comprises a suspension of a
phosphor, e.g. the yellow light emitting phosgphor
(Yo 9600 . pa) 2z Ala s Gazas Oiz. The ITO layer 5 is connected
to a DC veltage source U designed for generating an elec-
trical field of typically several V/mm to geveral hundred

V/mm, thereby serving as the transparent coating elec-
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trode of the EPD process. A counter-electrode 11 sub-
merged into the ccating bath ¢ and arranged opposite to
the coating electrode 5 is also connected to the DC volt-
age scurce U. The counter-electrode 11 has the same shape
as the coating electrode 5, but is of smaller size to re-
duce inhomeogeneity of the electyical field and, hence,
avoid increased phosphor deposition at the edge of the
coating electrode. After the EPD process is complete, the
phosphor layer 6 is deposited on the ITC layer 5 (Fig.
2¢}. The thickness of the phosphor layer 6 is approxi-

mately 40 wpn, but may differ for other phosphors.

Finally, the heat sink 8 is attached to the coated opti-
cal transmitting member 2 using a heat transfer paste 7
which results in the finished phosphor device 1 shown in
Fig. 1. The paste 7 contains Ti0, as filler to add dif-
fuse reflectivity to the thermal properties. For certain
applications the phosphor device 1 shown in Fig, 1 but
without heat sink or even without reflective means wmay be

appropriate.

Fig. 3 shows a schematic view of a lighting apparatus 20
comprising & phosphor device 1 as shown in Fig. 1. The
lighting apparatus 20 further comprises at least one la-
ser dicde 22, emitting exciting light 23 of a wavelength
of about 450 nm, and a dichroitic mirror 24 arranged on
the optical axis between the laser diodes 22 and the
phosphor device 1. For high power applications, the ex-~
citing light source way bhe a laser array with more than
1 W of laser beam power for each laser dicde. The excit-
ing light 23 passes through the dichroitic mirror 24, en-
ters the phosphor device 1 through the first end face 3

of the optical transmitting member 2 and is received by
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the phosphor layer (not shown) EPD-coated on its second
face. The light wavelength-converted by the excited phos-
phor layer is collected and mixed by the optical trans-
mitting member 2. The mixed light exits the first end
5 face 3 of the optical transmitting member 3 and is trans-
mitted to the dichroitic mirvor 24. The dichroitic wirror
24 1is tilted to reflect the mixed wavelength-converted
light off the optical axis defined by the beam of the di-
ode laser 22. Depending on the specific application, e.g.
10 entertainment lighting with coloured, further optical

elements may be involved.
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Claims

Method for manufacturing a phosghor device (1) com-
iz

prising the steps:

providing an optical transmitting member (2) having
a first end face (3) and a second end face (4),
whereby the optical transmitting member (2} is de-
signed for guiding exciting light entering through
the first end face (3) onto a phosphor layer (6)
arranged on the second end face (4}, whereby at
least a part of the exciting light is being wave-
length-converted by the phosphor layer (6}, and
whereby the optical transmitting member (2) is fur-
ther designed for at least partially collecting and
guiding the light converted by the phosphor layer
(6);

attaching an optically trangparent electrode (5) on
the second end face {4} of the optical transmitting

member (2);

providing a phosphor {8) and a counter-electrode
{10) designed for electrophoretic deposition of the
phosphor (9);

depositing a phosphor layer (6) on the optically
transparent electrode (5) by means of electropho-
retic deposition, thereby using the optically

trangparent electrode (5) as a coating electrode.

-

'he method according to claim 1, wherein the attach-
ing of the optically transparent coating electrode

(5) is performed by coating an optically transparent,
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electrically conductive layer on the second end face

{4} of the optical transmitting wmembexr (2).

The method according to claim 1, wherein the thick-
negs of the electrically conductive layer (5) is in

the range of several nm to several tenth of nm.

The method according to claim 2 or 3, wherein the
layer ({5} compriges tin oxide (70}, indium tin oxide
{ITO), aluminium zinc oxide, a metal mono layer or

graphene.

The method according to claim 1, wherein the attach-
ing of the optically transparent electrode is per-
formed by placing a wire nesh on the second end face

of the optical transmitting member.

The method according to any of the preceding claims,
further comprising the step of submerging the optical
transmitting member (2) with the coating electrode
{5) and additionally a counter-electrode (11) into a
coating bath (9), and the latter comwprising the phos-

phor for the phosphor layver (&).

The method according to any of the preceding claims,
wherein the optical transmitting member (2) comprises
an optically transparent and thermally conductive ma-

terial, particularly Al.0y, ¥YVO,, YLF or sapphire.

The method ac¢cording to any of the preceding claims,

wherein the optical transmitting member (2) is de-
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gigned to transmit light by way of total internal re-
flection {TIR} between its first end face {3) and

second end face {4).

The method according to any of the preceding claims,
wherein the optical transmitting member {2) ig elon-
gated and has a polygonal cross section, particularly
a triangular, a rectangular oy a hexagonal cross sec-

tion.

The method according to any of the preceding claims,
wherein the phosphor comprises a phosphor component

or & phosphor mixture.

The wmethod according to any of the preceding claims,
wherein the optically transparent coating electrode
is being separated into adjacent, separately control-
lable electrode zones, resulting in separated adja-

cent phosphor zones.

The wmethod according to any of the preceding claims,
further comprising the step of arranging a reflective
means (7} on the side of the phosphor layer (8) re-
verse to the side facing the optically transparent

electrode (5),

The method according to claim 11, wherein the reflec-

tive means (7) compriges TiO;.

The method according to any of the preceding claims
g '

further cowmprising the step of arranging a heat sink
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(8} on the side of the phosphor laver (&) reverse to
the side facing the optically transparent coating

electrode (5).

15. A Lighting apparatus (20) comprising:

5 a phosphor device (1) manufactured according to any

of the preceding claims;

an exciting light source (22) for emitting exciting

light (23);

whereby the phosphor device (1) and the exciting
106 light gource (22} are designed and arranged such
that the exciting light (23) ig enabled to enter
the phosphor device {1) through the first end face

(3} of the optical transmitting member {4).
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