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Description

FIELD

[0001] The present specification generally related to
light diffusing optical fibers for use in illumination appli-
cations, and, more specifically, to light diffusing optical
fibers which have a uniform color gradient that is angu-
larly independent. Methods for making such fibers are
also disclosed herein.

BACKGROUND

[0002] It has been found that optical fibers that allow
for propagation of light radially outwards along the length
of the fiber, thereby illuminating the fiber, are particularly
useful for a number of applications, such as special light-
ing, photochemistry, and for use in electronics and dis-
play devices. However, there are a number of issues with
the current design of light diffusing fibers ("LDF"). One
of the issues with the current design is that the angular
distribution of different light colors from the fiber may vary
depending on the viewing angle, especially for high lm/W
cases, such as white LED, when blue light from the light
source is mixed with a down converting phosphor. An-
other issue with light diffusing fibers is the difficulty with
using fibers in the ultraviolet wavelength region, where
the core of the fiber is transparent, but the coating (a
necessary requirement for glass-based fibers) has
strong absorptions. The trapping of UV light in the coating
means that light extraction from light diffusing fibers is
inefficient and moreover, the coating could degrade due
to higher UV light exposure. Accordingly, there is a need
for alternative light diffusing fiber designs that cure these
deficiencies.
[0003] Document US 2011/0188261 A1 discloses an
optical fiber which comprises one Surface Light Field Em-
ulation (s-LiFE) segment comprising a core, a cladding,
and multiple controlled nanoscale diffusion centers to
emit light through the side of the optical fibers. The na-
noscale diffusion centers are physical geometric patterns
or composition patterns in the cladding or a coating. The
s-LiFE optical fiber is a member of an illumination system
further comprising a light source.
[0004] Document US 2005/0074216 A1 discloses a
side light type optical fiber which includes a core and a
cladding disposed around the core. The cladding com-
prises a transparent first layer contacting the core and a
light diffusive second layer formed around the first layer,
the layers being integrally molded.
[0005] Document DE 10 2008 009 138 A1 discloses a
fiber which has a light guiding core made of glass pro-
vided with a refractive index and an external peripheral
surface. Diffusion particles are applied on the external
peripheral surface, such that the particles cause a site
emission effect of the fiber, where the particles include
a diameter between 100 nm and 5 mm, and glass ceramic
and/or polymer particle. The guiding core is surrounded

along a fiber axis by a cladding made of glass provided
with another refractive index, which is equal or smaller
than the former refractive index.

SUMMARY

[0006] A first embodiment comprises a light diffusing
fiber for emitting white light comprising: a core formed
from a silica-based glass; a cladding in direct contact with
the core; a scattering layer in direct contact with the clad-
ding; and a phosphor layer surrounding and in direct con-
tact with the scattering layer, wherein the color of the light
emitted, as measured by the CIE 1931 x, y chromaticity
space, comprises x from about 0.20 to about 0.30 and y
from about 0.25 to about 0.35. In some embodiments, x
is from about 0.23 to about 0.28 and y is from about 0.28
to about 0.33. In some embodiments, the color of the
light emitted falls within the claimed CIE 1931 x, y values
for all viewing angles from about 15° to about 170° rela-
tive to the direction of the light diffusing optical fiber. In
some embodiments, the light diffusing optical fiber emits
light having an intensity along the fiber that does not vary
by more than about 20%. In some embodiments, the scat-
tering induced attenuation loss comprises from about 0.1
dB/m to about 50 dB/m at a wavelength of 550 nm.
[0007] In some embodiments, the core of the light dif-
fusing fiber comprises a plurality of randomly distributed
voids. In some embodiments, the cladding comprises a
polymer. In some embodiments, the polymer comprises
CDC6. In some embodiments, the scattering layer com-
prises a polymer. In some embodiments, the polymer
comprises CDC6. In some embodiments, the scattering
layer comprises a plurality of randomly distributed voids
or microparticles or nanoparticles of a scattering material.
In some embodiments, the microparticles or nanoparti-
cles comprise TiO2 or SiO2. In some embodiments, the
phosphor layer comprises microparticles or nanoparti-
cles of an inorganic phosphorescent or fluorescent ma-
terial. In some embodiments, the inorganic phosphores-
cent or fluorescent material comprises CeYAG, NdYAG,
quantum dots, or nanoparticles.
[0008] In some embodiments, the light diffusing fiber
further comprises a light emitting device that emits light
with a wavelength from about 300 nm to about 450 nm
into the core of the light diffusing fiber. In some embod-
iments, the light diffusing fiber further comprises a sec-
ondary layer in between the cladding and scattering lay-
er.
[0009] In another embodiment, the light diffusing fiber
may be produced by a method comprising: forming an
optical fiber preform comprising a preform core; drawing
the optical fiber preform into an optical fiber; coating the
optical fiber with at least one cladding layer; coating the
optical fiber with at least one scattering layer; and coating
the optical fiber with at least one phosphor layer.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Figures 1A and 1B describe a LDF embodiment
(100) with a modified coating for uniform scattering
(130) along with a phosphor layer (140) for white
color generation in both cross-section (Figure 1A)
and parallel section (Figure 1B).

Figures 2A and 2B describe a LDF embodiment
(200) with a coating modified for uniform scattering
of UV light using a scattering layer (230) in combi-
nation with a core (210) and cladding (220) case
when coating is high absorbance at wavelength of
the source.

Figure 3A-D are spectra of different embodiments
as a function of angle. Figure 3A shows the output
from a 160 mm thick polymer coating comprising 35%
by weight CeYAG (no scattering layer); Figure 3B
shows the output from a 800 mm thick polymer coat-
ing comprising 35% by weight CeYAG with no scat-
tering layer; Figure 3C shows the output from a 160
mm thick polymer coating comprising 20% by weight
CeYAG with no scattering layer; and Figure 3D
shows the output from TiO2 scattering layer (5 mm
thick) and a 160 mm thick polymer coating compris-
ing 35% by weight CeYAG layer.

Figure 4 shows the angular dependence of color
coordinates (based on CIE 1931 x, y chromaticity
space) for a white LDF embodiment (shown in Fig-
ure 3D) as compared to data for a white LED and
CCFL.

Figure 5 describes the luminance per area compar-
ison for a white LED strip (backlight for LG display),
a CCFL for LG backlight illumination, and a white
LDF embodiment (as in Figure 3D and Figure 4)
with a 200 mW source, and the white LDF (as in
Figure 3D and Figure 4) embodiment output using
2x 1.5 W 445 laser diodes. The LDF was illuminated
from both sides using 50% MM coupler. Use of two
compact 445 nm laser sources places the current
approximately 1 m long white LDF on the same lu-
minance level as a standard CCFL.

Figure 6 is comparison of spectra of white LED,
CCFL and white LDF embodiment.

Figure 7 is a diagram of the CIE 1931 x, y chroma-
ticity space showing the chromacities of black-body
light sources of various temperatures and lines of
constant correlated color temperature.

Figure 8 shows the angular dependence of light
scattering for an UV diffusing LDF embodiment with

standard cladding of CPC6.

Figure 9 shows the angular dependence of light
scattering for UV diffusing LDF embodiment with a
cladding of CPC6 and a scattering layer of CPC6
(100 mm) doped with ∼ 2 microns spherical silica
particles.

Figure 10 is an image of white color LDF (Figure
3D) comprising a scattering layer and a CeYAG-
doped phosphor layer.

DETAILED DESCRIPTION

[0011] The present disclosure is provided as an ena-
bling teaching and can be understood more readily by
reference to the following description, drawings, exam-
ples, and claims. To this end, those skilled in the relevant
art will recognize and appreciate that many changes can
be made to the various aspects of the embodiments de-
scribed herein, while still obtaining the beneficial results.
It will also be apparent that some of the desired benefits
of the present embodiments can be obtained by selecting
some of the features without utilizing other features. Ac-
cordingly, those who work in the art will recognize that
many modifications and adaptations are possible and
can even be desirable in certain circumstances and are
a part of the present disclosure. Therefore, it is to be
understood that this disclosure is not limited to the spe-
cific compositions, articles, devices, and methods dis-
closed unless otherwise specified. It is also to be under-
stood that the terminology used herein is for the purpose
of describing particular aspects only and is not intended
to be limiting.
[0012] Disclosed are materials, compounds, composi-
tions, and components that can be used for, can be used
in conjunction with, can be used in preparation for, or are
embodiments of the disclosed method and compositions.
These and other materials are disclosed herein, and it is
understood that when combinations, subsets, interac-
tions, groups, etc. of these materials are disclosed that
while specific reference of each various individual and
collective combinations and permutation of these com-
pounds may not be explicitly disclosed, each is specifi-
cally contemplated and described herein. Thus, if a class
of substituents A, B, and/or C are disclosed as well as a
class of substituents D, E, and/or F, and an example of
a combination embodiment, A-D is disclosed, then each
is individually and collectively contemplated. Thus, in this
example, each of the combinations A-E, A-F, B-D, B-E,
B-F, C-D, C-E, and C-F are specifically contemplated
and should be considered disclosed from disclosure of
A, B, and/or C; D, E, and/or F; and the example combi-
nation A-D. Likewise, any subset or combination of these
is also specifically contemplated and disclosed. Thus, for
example, the sub-group of A-E, B-F, and C-E are specif-
ically contemplated and should be considered disclosed
from disclosure of A, B, and/or C; D, E, and/or F; and the
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example combination A-D. This concept applies to all
aspects of this disclosure including, but not limited to any
components of the compositions and steps in methods
of making and using the disclosed compositions. Thus,
if there are a variety of additional steps that can be per-
formed it is understood that each of these additional steps
can be performed with any specific embodiment or com-
bination of embodiments of the disclosed methods, and
that each such combination is specifically contemplated
and should be considered disclosed.
[0013] In this specification and in the claims which fol-
low, reference will be made to a number of terms which
shall be defined to have the following meanings:
[0014] "Include," "includes," or like terms means en-
compassing but not limited to, that is, inclusive and not
exclusive.
[0015] The term "about" references all terms in the
range unless otherwise stated. For example, about 1, 2,
or 3 is equivalent to about 1, about 2, or about 3, and
further comprises from about 1-3, from about 1-2, and
from about 2-3. Specific and preferred values disclosed
for compositions, components, ingredients, additives,
and like aspects, and ranges thereof, are for illustration
only; they do not exclude other defined values or other
values within defined ranges. The compositions and
methods of the disclosure include those having any value
or any combination of the values, specific values, more
specific values, and preferred values described herein.
[0016] The indefinite article "a" or "an" and its corre-
sponding definite article "the" as used herein means at
least one, or one or more, unless specified otherwise.

White Light Fibers

[0017] In light diffusing fibers, the dominant component
of scattering is at low angles, close to 5-10 degrees, (ref-
erencing angle 170 in Figure 1B or angle 270 in Figure
2B). Therefore, when yellow light from a phosphor (typ-
ically in a coating) is mixed with blue incident light, the
resulting color depends on viewing angle. That is be-
cause yellow light due to phosphor emission is almost
uniform in angular space (independent of angle 170)
while the blue light has a strong low angle component
(even after scattering). These two facts result in a color
asymmetry, with low viewing angles having a dominant
blue color and angles greater than 90 degrees have most-
ly yellow color. Embodiments solve these problems by
homogenizing the scattered light in light diffusing fibers
to provide light uniform in color as a function of viewing
angle.
[0018] A first aspect comprises a light diffusing fiber
comprising a layer of scattering particles to obtain uni-
form color output as a function of viewing angle. The de-
sire is to produce a uniform white color output from the
light diffusing fiber. Such fibers could be used as replace-
ment for CCFL used in LCD backlight units, but have the
additional advantage of being much thinner and therefore
could be used with thinner illuminating substrates.

[0019] Referring now to Figures 1A and 1B, one em-
bodiment of a light diffusing optical fiber 100 is schemat-
ically depicted. The light diffusing optical fiber 100 gen-
erally comprises a core 110, which further comprises a
scattering region. The scattering region may comprise
gas filled voids, such as shown in U.S. Appl. Ser. Nos.
12/950,045, 13/097,208, and 13/269,055, or may com-
prise the inclusion of particles, such as micro- or nano-
particles of ceramic materials, into the fiber core.
[0020] The gas filled voids may occur throughout the
core, may occur near the interface of the core and clad-
ding 120, or may occur as an annular ring within the core.
The gas filled voids may be arranged in a random or
organized pattern and may run parallel to the length of
the fiber or may be helical (i.e., rotating along the long
axis of the fiber). The scattering region may comprise a
large number of gas filled voids, for example more than
50, more than 100, or more than 200 voids in the cross
section of the fiber. The gas filled voids may contain, for
example, SO2, Kr, Ar, CO2, N2, O2, or mixtures thereof.
The cross-sectional size (e.g., diameter) of the voids may
be from about 10 nm to about 10 mm and the length may
vary from about 1 mm to about 50 m. In some embodi-
ments, the cross sectional size of the voids is about 10
nm, 20 nm, 30 nm, 40 nm, 50 nm, 60 nm, 70 nm, 80 nm,
90 nm, 100 nm, 120 nm, 140 nm, 160 nm, 180 nm, 200
nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm,
800 nm, 1 mm, 2 mm, 3 mm, 4 mm, 5 mm, 6 mm, 7 mm, 8
mm, 9 mm, or 10 mm. In some embodiments, the length
of the voids is about 1 mm, 2 mm, 3 mm, 4 mm, 5 mm, 6
mm, 7 mm, 8 mm, 9 mm, 10 mm, 20 mm, 30 mm, 40 mm,
50 mm, 60 mm, 70 mm, 80 mm, 90 mm, 100 mm, 200 mm,
300 mm, 400 mm, 500 mm, 600 mm, 700 mm, 800 mm,
900 mm, 1000 mm, 5 mm, 10 mm, 50 mm, 100 mm, 500
mm, 1 m, 5 m, 10 m, 20 m, or 50 m.
[0021] In the embodiment shown in Figures 1A and
1B, the core portion 110 comprises silica-based glass
and has an index of refraction, n. In some embodiments,
the index of refraction for the core is about 1.458. The
core portion 110 may have a radius of from about 10 mm
to about 600 mm. In some embodiment the radius of the
core is from about 30 mm to about 400 mm. In other em-
bodiments, the radius of the core is about 125 mm to
about 300 mm. In still other embodiments, the radius of
the core is about 50 mm, 60 mm, 70 mm, 80 mm, 90 mm,
100 mm, 120 mm, 140 mm, 160 mm, 180 mm, 200 mm,
220 mm, 240 mm, or 250 mm.
[0022] The voids in the core 110 are utilized to scatter
light propagating in the core of the light diffusing optical
fiber 100 such that the light is directed radially outward
from the core portion 110, thereby illuminating the light
diffusing optical fiber and the space surrounding the light
diffusing optical fiber. The scatter-induced attenuation
may be increased through increasing the concentration
of voids, positioning voids throughout the fiber, or in cas-
es where the voids are limited to an annular ring, increas-
ing the width of the annulus comprising the voids will also
increase the scattering-induced attenuation for the same
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density of voids. Additionally, in compositions where the
voids are helical, the scattering-induced attenuation may
also be increased by varying the pitch of the helical voids
over the length of the fiber. Specifically, it has been found
that helical voids with a smaller pitch scatter more light
than helical voids with a larger pitch. Accordingly, the
intensity of the illumination of the fiber along its axial
length can be controlled (i.e., predetermined) by varying
the pitch of the helical voids along the axial length. The
pitch of the helical voids, as used herein, refers to the
inverse of the number times the helical voids are wrapped
or rotated around the long axis of the fiber per unit length.
[0023] Still referring to Figures 1A and 1B, the light
diffusing optical fiber 100 may further comprise a clad-
ding 120 which surrounds and is in direct contact with
the core portion 110. The cladding 120 may be formed
from a material which has a low refractive index in order
to increase the numerical aperture (NA) of the light dif-
fusing optical fiber 100. In some embodiments, the clad-
ding has a refractive index contrast (as compared to the
core) of less than about 1.415. For example, the numer-
ical aperture of the fiber may be greater than about 0.3,
and in some embodiments greater than about 0.4. In one
embodiment, the cladding 120 comprises a low index
polymeric material such as UV or thermally curable fluor-
oacrylate, such as PC452 available from SSCP Co. Ltd
403-2, Moknae, Ansan, Kyunggi, Korea, or silicone. In
other embodiments, the cladding comprises a urethane
acrylate, such as CPC6, manufactured by DSM Deso-
tech, Elgin, Ill. In still other embodiments the cladding
120 comprises a silica glass which is down-doped with
a down-dopant, such as, for example, fluorine. In some
embodiments, the cladding comprises a high modulus
coating. The cladding 120 generally has an index of re-
fraction which is less than the index of refraction of the
core portion 110. In some embodiments, the cladding
120 is a low index polymer cladding with a relative re-
fractive index that is negative relative to silica glass. For
example, the relative refractive index of the cladding may
be less than about -0.5% and in some embodiments less
than -1%.
[0024] The cladding 120 generally extends from the
outer radius of the core portion 110. In some embodi-
ments described herein, the radial width of the cladding
is greater than about 10 mm, greater than about 20 mm,
greater than about 50 mm or greater than about 70 mm.
In some embodiments, the cladding has a thickness of
about 10 mm, 20 mm, 30 mm, 40 mm, 50 mm, 60 mm, 70
mm, 80 mm, 90 mm, or 100 mm.
[0025] The light diffusing fiber may also comprise a
clear layer of secondary coating typical for all optical fib-
ers for mechanical handling. The scattering layer will be
on top of the secondary coating. In some embodiments
the secondary coating layer and scattering layer may be
combined, depending on how fiber is manufactured. For
example, if the scattering layer is applied after initial draw
of the fiber, for handling issues it may be necessary to
apply a clear secondary coating with a second step being

directed to application of the scattering layer and phos-
phor. This process is similar to postdraw ink application
for optical fibers. However, it can be combined in one
step in the draw, and in this case secondary coating is
not needed and the scattering layer may be applied di-
rectly on top of the cladding.
[0026] Referring again to Figures 1A and 1B, the light
diffusing optical fiber 100 further comprises a scattering
layer 130 which surrounds and is in direct contact with
the cladding 120. The scattering layer may comprise a
polymer coating. The polymer coating may comprise be
any liquid polymer or prepolymer material into which the
scattering agent could be added and in which the blend
may be applied to the fiber as a liquid and then converted
to a solid after application to the fiber. In some embodi-
ments, the scattering layer 130 comprises a polymer
coating such as an acrylate-based, such as CPC6, man-
ufactured by DSM Desotech, Elgin, Ill, or silicone-based
polymer further comprising a scattering material. In an-
other embodiment, the cladding 120 comprises a low in-
dex polymeric material such as UV or thermally curable
fluoroacrylate, such as PC452 available from SSCP Co.
Ltd 403-2, Moknae, Ansan, Kyunggi, Korea. In some em-
bodiments, the cladding comprises a high modulus coat-
ing. In some embodiments, it was most efficient to blend
the scattering agents into standard UV curable acrylate
based optical fiber coatings, such as Coming’s standard
CPC6 secondary optical fiber coating. To make the scat-
tering blends, a concentrate was first made by mixing
30% by weight of the scattering agent into DSM 950-111
secondary CPC6 optical fiber coating and then passing
the mix over a 3 roll mill. These concentrates were then
either applied directly as coatings or were further diluted
with DSM 950-111 to give the desired scattering effect.
[0027] In some embodiments, the scattering layer 130
may be utilized to enhance the distribution and/or the
nature of the light emitted radially from the core portion
110 and passed through the cladding 120. The scattering
material may comprise nano- or microparticles with an
average diameter of from about 200 nm to about 10 mm.
In some embodiments, the average diameter of the par-
ticles is about 200 nm, 300 nm, 400 nm, 500 nm, 600
nm, 700 nm, 800 nm, 900 nm, 1 mm, 2 mm, 3 mm, 4 mm,
5 mm, 6 mm, 7 mm, 8 mm, 9 mm, or 10 mm. The concen-
tration of the scattering particles may vary along the
length of the fiber or may be constant and may be a weight
percent sufficient to provide even scattering of the light
while limiting overall attenuation. In some embodiments,
the weight percentage of the scattering particles in the
scattering layer comprises about 1%, 2%, 3%, 4%, 5%,
6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%,
17%, 18%, 19%, 20%, 25%, 30%, 35%, 40%, 45%, or
50%. In some embodiments, the scattering layer com-
prises small particles of a scattering material which com-
prise a metal oxides or other high refractive index mate-
rial, such as TiO2, ZnO, SiO2, or Zr. The scattering ma-
terial may also comprise micro- or nanosized particles or
voids of law refractive index, such as gas bubbles. The
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scattering layer generally extends from the outer radius
of the cladding 120. In some embodiments described
herein, the radial width of the scattering layer is greater
than about 1 mm, 2 mm, 3 mm, 4 mm, 5 mm, 6 mm, 7 mm,
8 mm, 9 mm, 10 mm, 20 mm, 30 mm, 40 mm, 50 mm, 60
mm, 70 mm, 80 mm, 90 mm, or 100 mm.
[0028] In some embodiments, the scattering material
may contain TiO2-based particles, such as a white ink,
which provides for an angle independent distribution of
light scattered from the core portion 110 of the light dif-
fusing optical fiber 100. In some embodiments, the scat-
tering particles comprise a sublayer within the scattering
layer. For example, in some embodiments, the particle
sublayer may have a thickness of about 1 mm to about
5 mm. In other embodiments, the thickness of the particle
layer and/or the concentration of the particles in the scat-
tering layer may be varied along the axial length of the
fiber so as to provide more uniform variation in the inten-
sity of light scattered from the light diffusing optical fiber
100 at large angles (i.e., angles greater than about 15
degrees).
[0029] Referring again to Figures 1A and 1B, the light
diffusing optical fiber 100 further comprises a phosphor
layer 140 which surrounds and is in direct contact with
the scattering layer 130. The fluorescent or phosphores-
cent material in the phosphor layer may comprise any
organic or inorganic fluorescent or phosphorescent ma-
terial, but in some embodiments may be an inorganic
material. For example, the phosphor layer may comprise
CeYAG, NdYAG, quantum dots, nanoparticles, metal-
enhanced fluorescence of organic fluorophores, etc.
[0030] The phosphor layer may comprise a polymer
coating. The polymer coating may comprise be any liquid
polymer or prepolymer material into which the fluorescent
or phosphorescent material could be added and in which
the blend may be applied to the fiber as a liquid and then
converted to a solid after application to the fiber. For ex-
ample, in one embodiment, the phosphor layer 140 com-
prises a polymer coating such as an acrylate-based or
silicone based polymer (e.g., CPC6 secondary coating)
further comprising a fluorescent or phosphorescent ma-
terial that converts light scattered from the core portion
110 to a longer wavelength of light. In some embodi-
ments, it was most efficient to blend the fluorescent or
phosphorescent material into standard UV curable acr-
ylate based optical fiber coatings, such as Coming’s
standard CPC6 secondary optical fiber coating. To make
the fluorescent or phosphorescent blend, a concentrate
was first made by mixing 30% by weight of the fluorescent
or phosphorescent agent into DSM 950-111 secondary
CPC6 optical fiber coating and then passing the mix over
a 3 roll mill. These concentrates were then either applied
directly as coatings or were further diluted with DSM
950-111 to give the desired fluorescent or phosphores-
cent effect.
[0031] In some embodiments, white light can be emit-
ted from the light diffusing optical fiber by coupling the
light diffusing optical fiber 100 with a fluorescent or phos-

phorescent material in the phosphor layer 140 to a higher
energy (lower wavelength) light source, such as a UV or
near UV light source emitting at 405 nm or 445 nm. In
such an embodiments, the diode laser. The UV light from
the light source that is scattered from the core portion
110 causes the material in the phosphor layer to fluoresce
or phosphoresce such that the combination of UV light
and emitted wavelengths produce a white light emission
from the light diffusing optical fiber 100. In some embod-
iments, the source light is from about 300-550 nm, or
about 300, 350, 400, 450, 500, or 550 nm.
[0032] Referring to Figure 1B, in the embodiment
shown, unscattered light propagates down the light dif-
fusing fiber 100 from the source in the direction shown
by arrow 150. Scattered light is shown exiting the light
diffusing fiber as arrow 160 at an angle 170, which de-
scribes angular difference between the direction of the
fiber and the direction of the scattered light when it leaves
light diffusing fiber 100. In some embodiments, the UV-
visible spectrum of the light diffusing fiber 100 is inde-
pendent of angle 170. In some embodiments, the inten-
sities of the spectra when angle 170 is 15° and 150° are
within 630% as measured at the peak wavelength. In
some embodiments, the intensities of the spectra when
angle 170 is 15° and 150° are within 620%, 615%,
610%, or 65% as measured at the peak wavelength.
[0033] In some embodiments, the output of the light
diffusing fiber comprises a combination of the scattered
incident UV light and the scattered fluorescent or phos-
phorescent light from the phosphor material to produce
a combined light that has the optical property of appear-
ing white. In some embodiments, the combined light has
an x coordinate from about 0.15 to about 0.25 and y co-
ordinate of from about 0.20 to about 0.30 when measured
on the x- and y-axes of the CIE 1931 x, y chromacity
space (T. Smith and J. Guild, The C.I.E. Colorimetric
Standards and Their Use, 33 TRANS. OP. Soc. 73-134
(1931)) (see Figure 7). In some embodiments, the com-
bined light has an x coordinate from about 0.18 to about
0.23, or about 0.15, 0.16, 0.17, 0.18, 0.19, 0.20, 0.21,
0.22, 0.23, 0.24, or 0.25 on the CIE 1931 x, y chromacity
space. In some embodiments, the combined light has a
y coordinate from about 0.23 to about 0.27, or about 0.20,
0.21, 0.22, 0.23, 0.24, 0.25, 0.26, 0.27, 0.28, 0.29, or
0.30 on the CIE 1931 x, y chromacity space.
[0034] In some embodiments, the values of the x and
y coordinates of the CIE 1931 x, y chromacity space do
not vary more than 630% with angle 170 when angle
170 is from about 10° to about 170°. In some embodi-
ments, the values of the x and y coordinates of the CIE
1931 x, y chromacity space at angles 170 of 15° and 150°
are within 630%, 625%, 620%, 615%, 610%, or 65%
of each other.
[0035] In some embodiments described herein the
light diffusing optical fibers will generally have a length
from about 100 m to about 0.15 m. In some embodiments,
the light diffusing optical fibers will generally have a length
of about 100 m, 75 m, 50 m, 40 m, 30 m, 20 m, 10 m, 9

9 10 



EP 2 795 379 B1

7

5

10

15

20

25

30

35

40

45

50

55

m, 8 m, 7 m, 6 m, 5 m, 4 m, 3 m, 2 m, 1 m, 0.75 m, 0.5
m, 0.25 m, 0.15 m, or 0.1 m.
[0036] Further, the light diffusing optical fibers de-
scribed herein have a scattering induced attenuation loss
of greater than about 0.2 dB/m at a wavelength of 550
nm. For example, in some embodiments, the scattering
induced attenuation loss may be greater than about 0.5
dB/m, 0.6 dB/m, 0.7 dB/m, 0.8 dB/m, 0.9 dB/m, 1 dB/m,
1.2 dB/m, 1.4 dB/m, 1.6 dB/m, 1.8 dB/m, 2.0 dB/m, 2.5
dB/m, 3.0 dB/m, 3.5 dB/m, or 4 dB/m, 5 dB/m, 6 dB/m,
7 dB/m, 8 dB/m, 9 dB/m, 10 dB/m, 20 dB/m, 30 dB/m, 40
dB/m, or 50 dB/m at 550 nm.
[0037] As described herein, the light diffusing fiber can
be constructed to produce uniform illumination along the
entire length of the fiber or uniform illumination along a
segment of the fiber which is less than the entire length
of the fiber. The phrase "uniform illumination," as used
herein, means that the intensity of light emitted from the
light diffusing fiber does not vary by more than 25% over
the specified length.
[0038] The fibers described herein may be formed uti-
lizing various techniques. For example, the core 110 can
be made by any number of methods which incorporate
voids or particles into the glass fiber. For example, meth-
ods for forming an optical fiber preform with voids are
described in, for example, U.S. Patent Appl. Ser. No.
11/583,098. Additional methods of forming voids may be
found in, for example, U.S. Appl. Ser. Nos. 12/950,045,
13/097,208, and 13/269,055. Generally, the optical fiber
is drawn from an optical fiber preform with a fiber take-
up system and exits the draw furnace along a substan-
tially vertical pathway. In some embodiments, the fiber
is rotated as it drawn to produce helical voids along the
long axis of the fiber. As the optical fiber exits the draw
furnace, a non-contact flaw detector may be used to ex-
amine the optical fiber for damage and/or flaws that may
have occurred during the manufacture of the optical fiber.
Thereafter, the diameter of the optical fiber may be meas-
ured with non-contact sensor. As the optical fiber is drawn
along the vertical pathway, the optical fiber may option-
ally be drawn through a cooling system which cools the
optical fiber prior to the coatings being applied to the op-
tical fiber.
[0039] After the optical fiber exits the draw furnace or
optional cooling system, the optical fiber enters at least
one coating system where one or more polymer layers
(i.e., the polymeric cladding material, the scattering layer,
and/or the phosphor layer) are applied to the optical fiber.
As the optical fiber exits the coating system, the diameter
of the optical fiber may be measured with non-contact
sensor. Thereafter, a non-contact flaw detector is used
to examine the optical fiber for damage and/or flaws in
the coating that may have occurred during the manufac-
ture of the optical fiber.

UV Fibers

[0040] Another aspect comprises a light diffusing fiber

with high efficiencies of light extraction at wavelengths
where the fiber cladding has high absorptions, such as
below 450 nm. Using LDF for UV wavelengths helps to
extend the range of applications for photoreactors, wa-
ter/air purification, acrylate polymerizations and related.
Popular desired wavelengths that are used for photore-
actions (i.e. less than about 400 nm) and typical UV cur-
able polymers have strong absorptions at this wave-
length due to the need for photo-initiators. Embodiments
herein improve the efficiency of the light extraction from
LDF, which is normally trapped in the high index second-
ary coating. One notable use of the LDF fiber at this wave-
length would be the ability to place light in remote, small,
and difficult to access locations for curing UV materials.
[0041] In a first aspect, scattering centers (transparent
at wavelengths less than about 400 nm), such as small
silica particles, are added to the fiber as a scattering layer
so that the light is scattered from the scattering coating
without significant propagation. This allows for an effi-
cient LDF even at wavelengths where the coating does
absorb light. In some embodiments, the low index glass
cladding may be replaced with low index F/B co-doped
glass cladding. This type of cladding doesn’t give as high
an NA as in the case of a low index polymer used as a
cladding, but is high enough for a wide range of applica-
tions.
[0042] Referring now to Figures 2A and 2B, one em-
bodiment of a light diffusing optical fiber 200 is schemat-
ically depicted. The light diffusing optical fiber 200 gen-
erally comprises a core 210, which further comprises a
scattering region. The scattering region may comprise
gas filled voids, such as shown in U.S. Appl. Ser. Nos.
12/950,045, 13/097,208, and 13/269,055, or may com-
prise the inclusion of particles, such as micro- or nano-
particles, into the fiber core.
[0043] The gas filled voids may occur throughout the
core, may occur near the interface of the core and clad-
ding 220, or may occur as an annular ring within the core.
The gas filled voids may be arranged in a random or
organized pattern and may run parallel to the length of
the fiber or may be helical (i.e., rotating along the long
axis of the fiber). The scattering region may comprise a
large number of gas filled voids, for example more than
50, more than 100, or more than 200 voids in the cross
section of the fiber. The gas filled voids may contain, for
example, SO2, Kr, Ar, CO2, N2, O2, or mixtures thereof.
The cross-sectional size (e.g., diameter) of the voids may
be from about 10 nm to about 10 mm and the length may
vary from about 1 mm to about 50 m. In some embodi-
ments, the cross sectional size of the voids is about 10
nm, 20 nm, 30 nm, 40 nm, 50 nm, 60 nm, 70 nm, 80 nm,
90 nm, 100 nm, 120 nm, 140 nm, 160 nm, 180 nm, 200
nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm,
800 nm, 1 mm, 2 mm, 3 mm, 4 mm, 5 mm, 6 mm, 7 mm, 8
mm, 9 mm, or 10 mm. In some embodiments, the length
of the voids is about 1 mm, 2 mm, 3 mm, 4 mm, 5 mm, 6
mm, 7 mm, 8 mm, 9 mm, 10 mm, 20 mm, 30 mm, 40 mm,
50 mm, 60 mm, 70 mm, 80 mm, 90 mm, 100 mm, 200 mm,
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300 mm, 400 mm, 500 mm, 600 mm, 700 mm, 800 mm,
900 mm, 1000 mm, 5 mm, 10 mm, 50 mm, 100 mm, 500
mm, 1 m, 5 m, 10 m, 20 m, or 50 m.
[0044] In the embodiment shown in Figures 2A and
2B, the core portion 210 comprises silica-based glass
and has an index of refraction, n. In some embodiments,
the index of refraction for the core is about 1.458. The
core portion 210 may have a radius of from about 10 mm
to about 600 mm. In some embodiment the radius of the
core is from about 30 mm to about 400 mm. In other em-
bodiments, the radius of the core is from about 125 mm
to about 300 mm. In still other embodiments, the radius
of the core is about 50 mm, 60 mm, 70 mm, 80 mm, 90
mm, 100 mm, 120 mm, 140 mm, 160 mm, 180 mm, 200
mm, 220 mm, 240 mm, or 250 mm.
[0045] The voids in the core 210 are utilized to scatter
light propagating in the core of the light diffusing optical
fiber 200 such that the light is directed radially outward
from the core portion 210, thereby illuminating the light
diffusing optical fiber and the space surrounding the light
diffusing optical fiber. The scatter-induced attenuation
may be increased through increasing the concentration
of voids, positioning voids through out the fiber, or in cas-
es where the voids are limited to an annular ring, increas-
ing the width of the annulus comprising the voids will also
increase the scattering-induced attenuation for the same
density of voids. Additionally, in compositions where the
voids are helical, the scattering-induced attenuation may
also be increased by varying the pitch of the helical voids
over the length of the fiber. Specifically, it has been found
that helical voids with a smaller pitch scatter more light
than helical voids with a larger pitch. Accordingly, the
intensity of the illumination of the fiber along its axial
length can be controlled (i.e., predetermined) by varying
the pitch of the helical voids along the axial length. The
pitch of the helical voids, as used herein, refers to the
inverse of the number times the helical voids are wrapped
or rotated around the long axis of the fiber per unit length.
[0046] Still referring to Figures 2A and 2B, the light
diffusing optical fiber 200 may further comprise a clad-
ding 220 which surrounds and is in direct contact with
the core portion 210. In some embodiments, the cladding
comprises a fluorine and boron co-doped glass. In some
embodiments, the cladding comprises a polymer. The
cladding 220 may be formed from a material which has
a low refractive index in order to increase the numerical
aperture (NA) of the light diffusing optical fiber 200. In
some embodiments, the cladding has a refractive index
contrast (as compared to the core) of less than about
1.415. For example, the numerical aperture of the fiber
may be greater than about 0.3, and in some embodi-
ments, greater than about 0.4. In one embodiment, the
cladding 220 comprises a low index polymeric material
such as UV or thermally curable fluoroacrylate, such as
PC452 available from SSCP Co. Ltd 403-2, Moknae,
Ansan, Kyunggi, Korea, or silicone. In other embodi-
ments, the cladding comprises a urethane acrylate, such
as CPC6, manufactured by DSM Desotech, Elgin, Ill. In

other embodiments the cladding 220 may be formed from
silica glass which is down-doped with a down-dopant,
such as, for example, fluorine and boron. The cladding
220 generally has an index of refraction which is less
than the index of refraction of the core portion 210. In
some embodiments, the cladding 220 is a low index pol-
ymer cladding with a relative refractive index that is neg-
ative relative to silica glass. For example, the relative
refractive index of the cladding may be less than about
-0.5% and in some embodiments less than -1%.
[0047] The cladding 220 generally extends from the
outer radius of the core portion 210. In some embodi-
ments described herein, the radial width of the cladding
is greater than about 10 mm, greater than about 20 mm,
greater than about 50 mm or greater than about 70 mm.
In some embodiments, the cladding has a thickness of
about 10 mm, 20 mm, 30 mm, 40 mm, 50 mm, 60 mm, 70
mm, 80 mm, 90 mm, or 100 mm.
[0048] The light diffusing fiber may also comprise a
clear layer of secondary coating typical for mechanical
handling. In the case of UV scattering fibers, it is possible
to minimize the thickness of any secondary coatings that
may absorb UV radiation. The scattering layer will be on
top of the secondary coating. In some embodiments the
secondary coating layer and scattering layer may be
combined, depending on how fiber is manufactured. For
example, if the scattering layer is applied after initial draw
of the fiber, for handling issues it may be necessary to
apply a clear secondary coating with a second step being
directed to application of the scattering layer and phos-
phor. This process is similar to postdraw ink application
for optical fibers. However, it can be combined in one
step in the draw, and in this case secondary coating is
not needed and the scattering layer may be applied di-
rectly on top of the cladding.
[0049] Referring again to Figures 2A and 2B, the light
diffusing optical fiber 200 further comprises a scattering
layer 230 which surrounds and is in direct contact with
the cladding 220. For example, in one embodiment, the
scattering layer 230 comprises a polymer coating such
as an acrylate-based or silicone based polymer further
comprising a scattering material. In at least some em-
bodiments, the coating layer 210 has a constant diameter
along the length of the light diffusing optical fiber.
[0050] In some embodiments, the scattering layer 230
may be utilized to enhance the distribution and/or the
nature of the light emitted radially from the core portion
210 and passed through the cladding 220. The scattering
layer may comprise a polymer coating. The polymer coat-
ing may comprise be any liquid polymer or prepolymer
material into which the scattering agent could be added
and in which the blend may be applied to the fiber as a
liquid and then converted to a solid after application to
the fiber. In some embodiments, the scattering layer 230
comprises a polymer coating such as an acrylate-based,
such as CPC6, manufactured by DSM Desotech, Elgin,
Ill, or silicone-based polymer further comprising a scat-
tering material. In another embodiment, the cladding 220
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comprises a low index polymeric material such as UV or
thermally curable fluoroacrylate, such as PC452 availa-
ble from SSCP Co. Ltd 403-2, Moknae, Ansan, Kyunggi,
Korea. In some embodiments, the cladding comprises a
high modulus coating. In some embodiments, it was most
efficient to blend the scattering agents into standard UV
curable acrylate based optical fiber coatings, such as
Coming’s standard CPC6 secondary optical fiber coat-
ing. To make the scattering blends, a concentrate was
first made by mixing 30% by weight of the scattering
agent into DSM 950-111 secondary CPC6 optical fiber
coating and then passing the mix over a 3 roll mill. These
concentrates were then either applied directly as coat-
ings or were further diluted with DSM 950-111 to give the
desired scattering effect.
[0051] In some embodiments, the scattering layer 230
may be utilized to enhance the distribution and/or the
nature of the light emitted radially from the core portion
210 and passed through the cladding 220. The scattering
material may comprise nano- or microparticles with an
average diameter of from about 200 nm to about 10 mm.
In some embodiments, the average diameter of the par-
ticles is about 200 nm, 300 nm, 400 nm, 500 nm, 600
nm, 700 nm, 800 nm, 900 nm, 1 mm, 2 mm, 3 mm, 4 mm,
5 mm, 6 mm, 7 mm, 8 mm, 9 mm, or 10 mm. The concen-
tration of the scattering particles may vary along the
length of the fiber or may be constant and may be a weight
percent sufficient to provide even scattering of the light
while limiting overall attenuation. In some embodiments,
the weight percentage of the scattering particles com-
prises about 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%,
10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%,
20%, 25%, 30%, 35%, 40%, 45%, or 50%. In some em-
bodiments, the scattering layer comprises a scattering
material that is not significantly absorbent in the UV re-
gion of incident beam. In some embodiments the scat-
tering material comprises metal oxides or other materials
with low absorbance in the region from about 350 nm to
about 420 nm, such as SiO2 or Zr, or may comprise nano-
to microscale voids comprising a gas, such as oxygen,
nitrogen, or a noble gas. The scattering layer generally
extends from the outer radius of the cladding 220. In
some embodiments described herein, the radial width of
the scattering layer is greater than about 10 mm, 20 mm,
30 mm, 40 mm, 50 mm, 60 mm, 70 mm, 80 mm, 90 mm, or
100 mm.
[0052] In some embodiments, the scattering material
may contain SiO2-based particles, which provides for an
angle independent distribution of light scattered from the
core portion 210 of the light diffusing optical fiber 200. In
some embodiments, the particles comprise a layer within
the scattering layer. For example, in some embodiments,
the particle layer may have a thickness of about 1 mm to
about 5 mm. In other embodiments, the thickness of the
scattering layer may be varied along the axial length of
the fiber so as to provide more uniform variation in the
intensity of light scattered from the light diffusing optical
fiber 200 at large angles (i.e., angles greater than about

15 degrees).
[0053] Referring to Figure 2B, in the embodiment
shown, unscattered light propagates down the light dif-
fusing fiber 200 from the source in the direction shown
by arrow 250. Scattered light is shown exiting the light
diffusing fiber as arrow 260 at an angle 270, which de-
scribes angular difference between the direction of the
fiber and the direction of the scattered light when it leaves
light diffusing fiber 200. In some embodiments, the UV-
visible spectrum of the light diffusing fiber 200 is inde-
pendent of angle 270. In some embodiments, the inten-
sities of the spectra when angle 270 is 15° and 150° are
within 630% as measured at the peak wavelength. In
some embodiments, the intensities of the spectra when
angle 270 is 15° and 150° are within 620%, 615%,
610%, or 65% as measured at the peak wavelength.
[0054] In some embodiments described herein the
light diffusing optical fibers will generally have a length
from about 100 m to about 0.15 m. In some embodiments,
the light diffusing optical fibers will generally have a length
of about 100 m, 75 m, 50 m, 40 m, 30 m, 20 m, 10 m, 9
m, 8 m, 7 m, 6 m, 5 m, 4 m, 3 m, 2 m, 1 m, 0.75 m, 0.5
m, 0.25 m, 0.15 m, or 0.1 m.
[0055] Further, the light diffusing optical fibers de-
scribed herein have a scattering induced attenuation loss
of greater than about 0.2 dB/m at a wavelength of 300
nm, 325 nm, 350 nm, 375 nm, 400 nm, 425 nm, or 450
nm. For example, in some embodiments, the scattering
induced attenuation loss may be greater than about 0.5
dB/m, 0.6 dB/m, 0.7 dB/m, 0.8 dB/m, 0.9 dB/m, 1 dB/m,
1.2 dB/m, 1.4 dB/m, 1.6 dB/m, 1.8 dB/m, 2.0 dB/m, 2.5
dB/m, 3.0 dB/m, 3.5 dB/m, 4 dB/m, 5 dB/m, 6 dB/m, 7
dB/m, 8 dB/m, 9 dB/m, 10 dB/m, 20 dB/m, 30 dB/m, 40
dB/m, or 50 dB/m at 300 nm, 325 nm, 350 nm, 375 nm,
400 nm, 425 nm, or 450 nm.
[0056] As described herein, the light diffusing fiber may
be constructed to produce uniform illumination along the
entire length of the fiber or uniform illumination along a
segment of the fiber which is less than the entire length
of the fiber. The phrase "uniform illumination," as used
herein, means that the intensity of light emitted from the
light diffusing fiber does not vary by more than 25% over
the specified length.
[0057] The fibers described herein may be formed uti-
lizing various techniques. For example, the core 210 can
be made by any number of methods which incorporate
voids are particles into the glass fiber. For example, meth-
ods for forming an optical fiber preform with voids are
described in, for example, U.S. Patent Appl. Ser. No.
11/583,098. Additional methods of forming voids may be
found in, for example, U.S. Appl. Ser. Nos. 12/950,045,
13/097,208, and 13/269,055. Generally, the optical fiber
is drawn from an optical fiber preform with a fiber take-
up system and exits the draw furnace along a substan-
tially vertical pathway. In some embodiments, the fiber
is rotated as it drawn to produce helical voids along the
long axis of the fiber. As the optical fiber exits the draw
furnace, a non-contact flaw detector may be used to ex-
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amine the optical fiber for damage and/or flaws that may
have occurred during the manufacture of the optical fiber.
Thereafter, the diameter of the optical fiber may be meas-
ured with non-contact sensor. As the optical fiber is drawn
along the vertical pathway, the optical fiber may option-
ally be drawn through a cooling system which cools the
optical fiber prior to the coatings being applied to the op-
tical fiber.
[0058] After the optical fiber exits the draw furnace or
optional cooling system, the optical fiber enters at least
one coating system where one or more polymer layers
(i.e., the polymeric cladding material and/or the scattering
layer) are applied to the optical fiber. As the optical fiber
exits the coating system, the diameter of the optical fiber
may be measured with non-contact sensor. Thereafter,
a non-contact flaw detector is used to examine the optical
fiber for damage and/or flaws in the coating that may
have occurred during the manufacture of the optical fiber.

EXAMPLES

[0059] In order to efficiently make samples a mini-re-
coat tower was assembled. This small tower has the ad-
vantage that any existing fiber can be over-coated offline
with a layer of UV curable coating. The cure was accom-
plished by the use of a 200 W Hg-lamp and draw speed
of ∼ 0.1 m/s. Three options were tested to provide uniform
angular distribution of the scattering light from the fiber:
[0060] Option 1 - A fiber comprising a silica core, a
polymer cladding, a scattering layer, and a phosphor lay-
er. The scattering layer comprised silica particles in a
polymer and the phosphor layer comprised CeYAG in a
polymer. The refractive index of the polymer cladding
was 1.55, and silica was ∼ 1.46, so with the significant
index mismatch and small size of silica particles (∼ 1 mm),
it was posited that it may be possible to achieve uniform
scattering diagram as a function of angle relative to inci-
dent angle.
[0061] Option 2 - A fiber comprising a silica core, a
polymer cladding, and a single layer comprising both the
phosphor layer and the scattering medium. CeYAG par-
ticles have a refractive index of about 1.8, and as such
have a significant mismatch with polymer cladding (∼
1.55). But since CeYAG the particles used were large
(∼3-4 mm), it was assumed that they would not produce
significant scattering.
[0062] Option 3 - A fiber comprising a silica core, a
polymer cladding, a scattering layer, and a phosphor lay-
er. The scattering layer uses high efficient scatterers,
such as white ink (TiO2 based filled polymer). TiO2 has
high refractive index (∼ 2.5), so it may be a more efficient
scatterer than SiO2 particles. However, TiO2 absorbs
light at wavelength < 400 nm and is less suitable for UV
light applications.
[0063] In each case the thickness of each layer and
concentration of the dopant was modified to obtain opti-
mum spectrum and angular dependence. In Figures 1A
and 1B are shown a scattering layer and layer doped

with phosphor particles. This design was used for white
color fibers. In Figures 2A and 2B are shown a fiber
design for UV emission with a secondary coating doped
with scattering particles for uniform angular dependence.
[0064] The scattering emission spectra of various fib-
ers are shown in Figures 3A-3D. The incident light had
a wavelength of 445 nm and the silica fiber used was a
random airline fiber. As can be seen in Figures 3A-3C,
a 160 um-thick single layer of 35 wt. % CeYAG with no
scattering material (Figure 3A), a 800 um-thick single
layer of 35 wt. % CeYAG with no scattering material (Fig-
ure 3B), and a 160 um-thick single layer of 20 wt. %
CeYAG with no scattering material (Figure 3C) all failed
to provide sufficient scattering to over come the angular
dependence of light color, i.e., the color of the emitted
light appeared more blue as angle 170 of Figure 1 ap-
proached 0°. Additionally, it was found that changing the
diameter and amount of CeYAG in the phosphor layer
showed that spectrum of scattered light changes very
strongly as function of viewing angle and the amount of
CeYAG present.
[0065] Figure 3D shows a number of spectra arising
from a fiber comprising a scattering layer comprising TiO2
particles (4 mm-thick layer) plus a 160 mm-thick layer of
35 wt. % CeYAG as a function of angle. As can be seen
from the spectra, the combination of a scattering layer
and phosphor layer provides light emission from the fiber
that is independent of viewing angle.
[0066] Figure 4 shows a color coordinated comparison
using CIE 1931 x, y chromaticity space values for an
embodiment (comprising a silica core, polymer cladding,
scattering layer (4 mm-thick layer of TiO2) and phosphor
layer (160 mm-thick layer of 35 wt. % CeYAG)) is com-
pared to a white LED (which also uses CeYAG in com-
bination with a 460 nm blue LED to obtain white light)
and CCFL. The color coordinates of the light diffusing
fiber place the color output well within the region of what
is considered white light (see Figure 7). Further, as can
be seen from the chart, the color is independent of view-
ing angle.
[0067] Theoretical projections of the fiber brightness
(Figure 5) show that it would be possible to reach the
same brightness as CCFL for liquid crystal displays using
two laser diodes with 1.5 W power, which are commer-
cially available for very low costs.
[0068] Different amounts of scattering particles and
CeYAG particles were used in order to provide the right
combination of scattering and absorption of 445 nm light,
while still allowing sufficient non-absorbed 445 nm light
provides the necessary blue color to make white light.
The best results were obtained using about 35% by
weight CeYAG and thicknesses of about 160 mm. Addi-
tionally, this amount gave reasonable viscosity to the sec-
ondary coating so it can be applied in a regular way to
fiber in draw tower. It was also found that by bringing light
in from two sides of the LDF, it was possible to obtain
more even uniform illumination both angularly and along
the length of the fiber (Figure 11).
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[0069] For UV applications, silica micro-spheres were
placed in the secondary coating. The results show that
the angular distribution can change significantly (Figures
8 and 9). Figure 8 shows a light diffusing fiber comprising
a random airline core and a standard polymer cladding.
As can be seen from the spectrum, the majority of the
light is being emitted from the end of the fiber and very
little UV light is being scattered. Figure 9 shows the spec-
trum of an embodiment of the light diffusing fiber. The
fiber in Figure 9 comprises a random airline silica core,
a polymer cladding and a scattering layer comprising
SiO2 particles with a scattering loss of ∼ 3 dB/m. As can
be seen in Figure 9, the light is broadly scattered and
almost no light is being transmitted out of the end of the
fiber. The large angle distribution shown in Figure 9 is
important for maximum distance coverage from surface
of the fiber in application where photochemical reactions
take place. Measurements for both Figures 8 and 9 were
done in media that matched the refraction index of the
fiber core. This means that in media with smaller refrac-
tive index, e.g. air, a lot of light from Figure 8 would be
trapped in the high index secondary coating. However,
if the scattering layer is present, even in air most of the
light would escape from the secondary coating very effi-
ciently. Therefore, doping of the secondary coating with
silica particles both 1) scatters the light from the second-
ary coating and 2) also helps to reduce the refractive
index of the secondary coating thereby making trapping
less efficient.

Claims

1. A light diffusing fiber (100) for emitting white light
comprising:

a. a core (110) formed from a silica-based glass;
b. a cladding (120) in direct contact with the core
(110);
c. a scattering layer (130) in direct contact with
the cladding (120); characterized in that the
light diffusing fiber (100) further comprises
d. a phosphor layer (140) surrounding and in
direct contact with the scattering layer (130),

wherein the color of the light emitted, as measured
by the CIE 1931 x, y chromaticity space, comprises
x from about 0.20 to about 0.30 and y from about
0.25 to about 0.35 when said light diffusing fiber is
used in combination with a 300nm-550nm light
source.

2. The light diffusing fiber (100) of claim 1, wherein x
is from about 0.23 to about 0.28 and y is from about
0.28 to about 0.33.

3. The light diffusing fiber (100) of claim 1 or claim 2,
wherein the color of the light emitted falls within the

claimed CIE 1931 x, y values for all viewing angles
from about 15° to about 170° relative to the direction
of the light diffusing optical fiber (100).

4. The light diffusing fiber (100) according to any of the
preceding claims, wherein the light diffusing optical
fiber (100) emits light having an intensity along the
fiber (100) that does not vary by more than about
20%.

5. The light diffusing fiber (100) according to any of the
preceding claims, wherein the scattering induced at-
tenuation loss comprises from about 0.1 dB/m to
about 50 dB/m at a wavelength of 550 nm.

6. The light diffusing fiber (100) according to any of the
preceding claims, wherein the core (110) comprises
a plurality of randomly distributed voids.

7. The light diffusing fiber (100) according to any of the
preceding claims, wherein the cladding (120) com-
prises a polymer.

8. The light diffusing fiber (100) according to any of the
preceding claims, wherein the scattering layer (130)
comprises a polymer.

9. The light diffusing fiber (100) according to any of the
preceding claims, wherein the scattering layer (130)
comprises a plurality of randomly distributed voids
or microparticles or nanoparticles of a scattering ma-
terial.

10. The light diffusing fiber (100) of claim 9, wherein the
microparticles or nanoparticles comprise TiO2 or
SiO2.

11. The light diffusing fiber (100) according to any of the
preceding claims, further comprising a light emitting
device that emits light with a wavelength from about
300 nm to about 450 nm into the core (110) of the
light diffusing fiber (100).

12. The light diffusing fiber (100) according to any of the
preceding claims, wherein the phosphor layer (140)
comprises microparticles or nanoparticles of an in-
organic phosphorescent or fluorescent material.

13. The light diffusing fiber (100) of claim 12, wherein
the inorganic phosphorescent or fluorescent mate-
rial comprises CeYAG, NdYAG, quantum dots, or
nanoparticles.

14. The light diffusing fiber (100) according to any of the
preceding claims, further comprising a secondary
layer in between the cladding (120) and scattering
layer (130).
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15. A method of producing the light diffusing fiber (100)
according to any of the preceding claims comprising:

a. forming an optical fiber preform comprising a
preform core (110);
b. drawing the optical fiber preform into an opti-
cal fiber;
c. coating the optical fiber with at least one clad-
ding layer (120);
d. coating the optical fiber with at least one scat-
tering layer (130); characterized in that the
method of producing the light diffusing fiber
(100) further comprises
e. coating the optical fiber with at least one phos-
phor layer (140).

Patentansprüche

1. Lichtdiffundierende Faser (100) zum Abgeben wei-
ßen Lichts, umfassend:

a. einen Kern (110), der aus einem Glas auf Si-
liziumoxidbasis gebildet ist;
b. eine Umhüllung (120), die in direktem Kontakt
mit dem Kern (110) ist;
c. eine Streuschicht (130), die in direktem Kon-
takt mit der Umhüllung (120) ist, dadurch ge-
kennzeichnet, dass die lichtdiffundierende Fa-
ser (100) darüber hinaus umfasst
d. eine Phosphorschicht (140), welche die
Streuschicht (130) umgibt und in direktem Kon-
takt mit dieser ist,

wobei die Farbe des abgegebenen Lichts, gemes-
sen durch den x-, y-Farbraum CIE 1931, x ca. 0,20
bis ca. 0,30 und y ca. 0,25 bis ca. 0,35 umfasst, wenn
die lichtdiffundiere Faser in Kombination mit einer
Lichtquelle von 300 nm - 550 nm verwendet wird.

2. Lichtdiffundierende Faser (100) nach Anspruch 1,
wobei x ca. 0,23 bis ca. 0,28 beträgt, und y ca. 0,28
bis ca. 0,33 beträgt.

3. Lichtdiffundierende Faser (100) nach Anspruch 1
oder Anspruch 2, wobei die Farbe des abgegebenen
Lichts in die beanspruchten Werte x, y des Far-
braums CIE 1931 für alle Sichtwinkel von ca. 15° bis
ca. 170° in Bezug auf die Richtung der lichtdiffun-
dierenden optischen Faser (100) fällt.

4. Lichtdiffundierende Faser (100) nach einem der vor-
hergehenden Ansprüche, wobei die lichtdiffundie-
rende optische Faser (100) Licht mit einer Stärke
entlang der Faser (100) abgibt, die um nicht mehr
als ca. 20 % variiert.

5. Lichtdiffundierende Faser (100) nach einem der vor-

hergehenden Ansprüche, wobei der streuungsindu-
zierte Dämpfungsverlust von ca. 0,1 dB/m bis ca. 50
dB/m bei einer Wellenlänge von 550 nm umfasst.

6. Lichtdiffundierende Faser (100) nach einem der vor-
hergehenden Ansprüche, wobei der Kern (110)
mehrere zufällig verteilte Hohlräume umfasst.

7. Lichtdiffundierende Faser (100) nach einem der vor-
hergehenden Ansprüche, wobei die Umhüllung
(120) ein Polymer umfasst.

8. Lichtdiffundierende Faser (100) nach einem der vor-
hergehenden Ansprüche, wobei die Streuschicht
(130) ein Polymer umfasst.

9. Lichtdiffundierende Faser (100) nach einem der vor-
hergehenden Ansprüche, wobei die Streuschicht
(130) mehrere zufällig verteilte Hohlräume oder Mi-
kropartikel oder Nanopartikel aus einem streuenden
Material umfasst.

10. Lichtdiffundierende Faser (100) nach Anspruch 9,
wobei die Mikropartikel oder Nanopartikel TiO2 oder
SiO2 umfassen.

11. Lichtdiffundierende Faser (100) nach einem der vor-
hergehenden Ansprüche, darüber hinaus eine lich-
temittierende Vorrichtung umfassend, die Licht mit
einer Wellenlänge von ca. 300 nm bis ca. 450 nm in
den Kern (110) der lichtdiffundierenden Faser (100)
abgibt.

12. Lichtdiffundierende Faser (100) nach einem der vor-
hergehenden Ansprüche, wobei die Phosphor-
schicht (140) Mikropartikel oder Nanopartikel aus ei-
nem anorganischen phosphoreszierenden oder flu-
oreszierenden Material umfasst.

13. Lichtdiffundierende Faser (100) nach Anspruch 12,
wobei das anorganische phosphoreszierende oder
fluoreszierende Material CeYAG, NdYAG, Quanten-
punkte oder Nanopartikel umfasst.

14. Lichtdiffundierende Faser (100) nach einem der vor-
hergehenden Ansprüche, darüber hinaus eine se-
kundäre Schicht zwischen der Umhüllung (120) und
der Streuschicht (130) umfassend.

15. Verfahren zum Herstellen der lichtdiffundierenden
Faser (100) nach einem der vorhergehenden An-
sprüche, umfassend:

a.Ausbilden einer optischen Faservorform, die
einen Vorformkern (110) umfasst;
b. Ziehen der optischen Faservorform zu einer
optischen Faser;
c. Beschichten der optischen Faser mit mindes-
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tens einer Umhüllungsschicht (120),
d. Beschichten der optischen Faser mit mindes-
tens einer Streuschicht (130); dadurch ge-
kennzeichnet, dass das Verfahren zum Her-
stellen der lichtdiffundierenden Faser (100) dar-
über hinaus umfasst
e. Beschichten der optischen Faser mit mindes-
tens einer Phosphorschicht (140).

Revendications

1. Fibre de diffusion de lumière (100) destinée à émet-
tre de la lumière blanche comprenant :

a. une âme (110) formée à partir d’un verre à
base de silice ;
b. un gainage (120) en contact direct avec l’âme
(110) ;
c. une couche de diffraction (130) en contact
direct avec le gainage (120) ; caractérisée en
ce que la fibre de diffusion de lumière (100) com-
prend en outre
d. une couche de phosphore (140) entourant et
en contact direct avec la couche de diffraction
(130),

sachant que la couleur de la lumière émise, telle que
mesurée par l’espace de chromaticité de CIE 1931
x, y, comprend x d’environ 0,20 à environ 0,30 et y
d’environ 0,25 à environ 0,35, lorsque ladite fibre de
diffusion de lumière est utilisée en combinaison avec
une source de lumière de 300 nm à 550 nm.

2. La fibre de diffusion de lumière (100) de la revendi-
cation 1, sachant que x est d’environ 0,23 à environ
0,28 et y est d’environ 0,28 à environ 0,33.

3. La fibre de diffusion de lumière (100) de la revendi-
cation 1 ou de la revendication 2, sachant que la
couleur de la lumière émise est conforme aux va-
leurs x, y de l’espace de chromaticité CIE 1931 re-
vendiquées pour tous les angles de vue d’environ
15° à environ 170° par rapport à la direction de la
fibre optique de diffusion de lumière (100).

4. La fibre de diffusion de lumière (100) selon l’une
quelconque des revendications précédentes, sa-
chant que la fibre optique de diffusion de lumière
(100) émet de la lumière ayant une intensité le long
de la fibre (100) qui ne varie pas de plus d’environ
20 %.

5. La fibre de diffusion de lumière (100) selon l’une
quelconque des revendications précédentes, sa-
chant que la perte d’atténuation induite par diffrac-
tion comprend d’environ 0,1 dB/m à environ 50 dB/m
à une longueur d’onde de 550 nm.

6. La fibre de diffusion de lumière (100) selon l’une
quelconque des revendications précédentes, sa-
chant que l’âme (110) comprend une pluralité de vi-
des distribués aléatoirement.

7. La fibre de diffusion de lumière (100) selon l’une
quelconque des revendications précédentes, sa-
chant que le gainage (120) comprend un polymère.

8. La fibre de diffusion de lumière (100) selon l’une
quelconque des revendications précédentes, sa-
chant que la couche de diffraction (130) comprend
un polymère.

9. La fibre de diffusion de lumière (100) selon l’une
quelconque des revendications précédentes, sa-
chant que la couche de diffraction (130) comprend
une pluralité de vides distribués aléatoirement ou de
microparticules ou nanoparticules d’un matériau de
diffraction.

10. La fibre de diffusion de lumière (100) de la revendi-
cation 9, sachant que les microparticules ou nano-
particules comprennent TiO2 ou SiO2.

11. La fibre de diffusion de lumière (100) selon l’une
quelconque des revendications précédentes, com-
prenant en outre un dispositif d’émission de lumière
qui émet de la lumière d’une longueur d’onde d’en-
viron 300 nm à environ 450 nm dans l’âme (110) de
la fibre de diffusion de lumière (100) .

12. La fibre de diffusion de lumière (100) selon l’une
quelconque des revendications précédentes, sa-
chant que la couche de phosphore (140) comprend
des microparticules ou nanoparticules d’un matériau
phosphorescent ou fluorescent inorganique.

13. La fibre de diffusion de lumière (100) de la revendi-
cation 12, sachant que le matériau phosphorescent
ou fluorescent inorganique comprend CeYAG,
NdYAG, des boîtes quantiques, ou des nanoparti-
cules.

14. La fibre de diffusion de lumière (100) selon l’une
quelconque des revendications précédentes, com-
prenant en outre une couche secondaire intercalée
entre le gainage (120) et la couche de diffraction
(130).

15. Procédé de production de la fibre de diffusion de
lumière (100) selon l’une quelconque des revendi-
cations précédentes comprenant :

a. la formation d’une ébauche de fibre optique
comprenant une âme d’ébauche (110) ;
b. le tirage de l’ébauche de fibre optique en une
fibre optique ;
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c. le revêtement de la fibre optique avec au
moins une couche de gainage (120) ;
d. la revêtement de la fibre optique avec au
moins une couche de diffraction (130) ; carac-
térisé en ce que le procédé de production de
la fibre de diffusion de lumière (100) comprend
en outre
e. le revêtement de la fibre optique avec au
moins une couche de phosphore (140).
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