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[57] ABSTRACT

A light source which is capable of improving lightening
efficiency is disclosed. The light source includes a phos-

. phor layer provided at a part of a filter arranged adja-

cent to a light emitting lamp or arranged so as to serve
as a reflection layer so that it may transmit light of the
lamp required and be excited by a part of light of the
lamp to emit light of a visible region to increase the
intensity of light discharged from the light source.

9 Claims, 3 Drawing Sheets
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1
LIGHT SOURCE

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates to a light source for emitting
light of a long wavelength for use in stage lighting, an

auxiliary lamp of a vehicle or the like, and more particu-

larly to a light source which is improved in luminous
efficacy or lightening efficiency.

2. Description of the Prior Art

A fog lamp is provided as one of auxiliary lamps for
an automobile. The fog lamp is lightened to emit light
far in the distance at the occurrence of fog which ab-
sorbs and disturbs headlights so as to ensure safety driv-
ing.

The fog lamp emits light of a long wavelength exhib-
iting a luminous color of yellowish green or yellow in
order to prevent light from being absorbed in fog or the
like. For this purpose, the fog lamp generally employs a
combination of a tungsten lamp and a filter to cut light
of a short wavelength emitted from the lamp and obtain
light of, for example, yellow luminous color.

In FIG. 9, the curve (a) shows a spectral distribution
of a tungsten halogen lamp which is generally called a
halogen lamp. When the halogen lamp is combined with
a filter having spectral transmittance characteristics as
indicated at the curve (b) in FIG. 9 light of yellow to
red luminous color is obtained. This concept has been
utilized in various kinds of lamps, such as, for example,
a road lamp, a directional indication lamp, a stop lamp
and a tail lamp for an automobile, a stage lighting lamp,
and the like.

When a filter is used to obtain light of desired lumi-
nous color, light of 2 wavelength deviated from the
transmission region of the filter is cut as exemplified by
the halogen lamp shown in FIG. 9. In FIG. 9, the curve
(b) indicates transmission characteristics of a filter com-
bined with a halogen lamp light in a zone A indicated at
oblique lines in FIG. 9 is absorbed in the filter and con-
verted into useless heat within the filter, and energy in
the zone (A) is wasted in vain.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
foregoing disadvantage of the prior art.

It is an object of the present invention to provide a
light source which is capable of efficiently utilizing
energy of light which has been conventionally absorbed
in a filter and disused, to thereby totally increase the
intensity of light outwardly discharged therefrom.

Due to the recent development of a luminescent ma-
terial, photoluminescence phosphors exhibiting lumi-
nescence by light excitation, for example, phosphors
emitting light of a wavelength within a visible region
under excitation of visible light have been put into prac-
tice. These phosphors includes fluorescent dyestuff
used for the dyeing of fiber, fluorescent pigment used as
paint exhibiting luminous color under daylight circum-
stances, and the like.

The present invention is based on the utilization of
such a phosphor. In accordance with the present inven-
tion, there is provided a light source which comprises a
light emitting lamp and a filter. The filter is arranged
adjacent to the lamp and is formed of phosphor which
emits light of a visible region under excitation of visible
light so that a portion of light emitted from the lamp
which has conventionally no use may be utilized as
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stimulus light, to thereby improve the intensity of light-
ening of the light source.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and many of the attendant
advantages of the present invention will be readily ap-
preciated as the same becomes better understood by
reference to the following detailed description when
considered in connection with the accompanying draw-
ings in which like reference characters designate like or
corresponding parts throughout; wherein:

FIGS. 1 to 5 are schematic views showing embodi-
ments of a light source according to the present inven-
tion, respectively;

FIGS. 6 and 7 each are a graphical representation
showing the operational characteristics of a light source
according to the present invention;

FIG. 8 is a graphical representation showing trans-
mission characteristics of phosphor used in an embodi-
ment of a light source according to the present inven-
tion; and

FIG. 9 is a graphical representation indicating a dis-
advantage encountered with a conventional light
source equipped with a filter.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Now, a light source according to the present inven-
tion will be described hereinafter with reference to the
accompanying drawings. .

First, phosphor used in a light source of the present
invention will be described.

FIG. 6 shows the operational characteristics of a light
source increasing in lightening intensity according to
the present invention. In FIG. 6, the axis of abscissas
indicates a wavelength of light (nm) and the axis of
ordinates the intensity of light.

In FIG. 6, the curve (a) indicates a spectral distribu-
tion of a halogen lamp, and the curve (b) indicates a
spectral distribution of transmission light obtained by
passing light of the halogen lamp through a filter which
is capable of transmitting light of a wavelength above
about 600 nm with transmittance of about 90% for use
in a fog lamp. The fog lamp is required to outwardly
discharge light of a relatively long wavelength which is
not absorbed in fog, rain or the like. Accordingly, light
emitted from the halogen lamp is treated by the filter so
that orange-colored light having a spectral distribution
indicated at the curve (b) may be discharged through
the filter.

The curve (c) in FIG. 6 indicates an excitation spec-
trum of phosphor arranged adjacent to the halogen
lamp. The phosphor used is organic phosphor manufac-
tured and sold by Shinroihi Kabushiki Kaisha under the
designation FM-16 Orange Yellow, which is excited
with light having a wavelength of 400-600 nm. The
excitation of the phosphor emits visible light having a
peak at 600 nm as indicated at the curve (d) of dashed
lines in FIG. 6. This indicates that the organic phosphor
converts light of a wavelength below 580 nm which is
cut by a filter into light of 550-700 nm. As a result, light
outwardly discharged through the filter may be corre-
spondingly increased in intensity. In other words, light
outwardly discharged through the filter corresponds to
the sum of transmission light which has passed through
the filter or a transmission component and light con-
verted by the phosphor or a phosphor depending com-
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ponent, as indicated at the curve (e) of two-dot chain
lines in FIG. 6.

FIG. 7 shows a variation in brightness of light which

is actually sensed by an observer when the phosphor
depending component is superposed on the transmission
component.
+ The curve (a) of dotted lines in FIG. 7 indicates that
spectral luminous efficiency obtained at a bright place
(alamp is lightened at a bright environment). Brightness
of light sensed by human eyes is proportional to the
product of spectral emission intensity (spectral intensity
of light which is actually incident on human eyes as
indicated by the curves (b) and (e) in FIG. 6) and spec-
tral luminous efficiency curve (2). The correction of the
phosphor depending component indicated at the curve
(b) of dashed lines in FIG. 7 (corresponding to light
emitted from the excited organic phosphor and indi-
cated at the curve (d) in FIG. 6) to the intensity of light
actually sensed by human eyes based on the spectral
luminous efficiency curve (a) forms the curve (¢) indi-
cated at a solid line in FIG. 7.

In general, the measurement of light is carried out by
either radiometry or photometry. Radiometry is to
measure incident light of a measuring object by means
of a sensor having flat spectral sensitivity characteris-
tics, and a value measured is represented by a unit W,
Photometry is to measure visible light or light having a
wavelength of 380-750 nm and is carried out by means
of a sensor having spectral characteristics approaching
to average spectral luminous efficacy of human eyes.
Accordingly, the estimation of intensity of light mea-
sured by radiometry as brightness actually observed by
human eyes requires to take spectral sensitivity charac-
teristics of human eyes into consideration. For example,
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this is carried out by multiplying a measured value of 35

light of each wavelength due to radiometry by spectral
luminous efficacy of human eyes. The characteristics
thus obtained are indicated at the curve (c) in FIG. 7
which corresponds to bright actually sensed by human
eyes. This is equivalent to the curve (e) in FIG. 6. The
sum of transmission light passing through the filter to
which phosphorescence is added as indicated at the
curve (e) in FIG. 6 is sensed by human eyes far more
brighter than the light solely passing through the short
wavelength cut filter.

Light excited phosphor absorbs light of a short wave-
length and transfers the absorbed light into light of a
long wavelength to be emitted. In this instance, a wave-
length region of incident light which causes the light to
be efficiently transferred into light of a long wavelength
is varied depending upon phosphor. Accordingly, it is
required to select desired phosphor in view of the pur-
pose for use or depending upon light of a wavelength
required.

Organic phosphor which may be used for such a light
source as a fog lamp includes a rhodamine 6G known as
fluorescent dye which emits yellow to orange-colored
light due to light excitation, rhodamine B which emits
orange-colored to red light and the like other than that
described above.

Inorganic phosphor suitable for use includes
(Zn;_xCdx)S:Ag,Al1 which emits light of yellowish
green to red luminous color due to light excitation
when a mixed crystal ratio x is determined to be within
arange of 0.3-1, (Zn; _xCd,x)S:Au,A1 which emits light
of yellowish green to red luminous color due to light
emission when the mixed crystal ratio x is determined to
be within a range of 0-0.6, SnOz:Eu which emits
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4
orange-colored light, ZnS:Mn which emits yellowish
orange-colored light, and the like.

Now, embodiments of a light source according to the
present invention which are respectively shown in
FIGS. 1 to 5 will be described hereinafter.

In an embodiment illustrated in FIG. 1, a light source
includes a lamp 1 such as, for example, a halogen lamp,
a lamp holder 2 which receives the lamp 1 therein and
acts also as a reflection plate, and a cover glass 3. Refer-
ence numeral 4 indicates a fluorescent filter which con-
stitutes one of features of the present invention.

The fluorescent filter 4 may be formed, for example,
by dissolving, in acetone, phosphor such as organic
phosphor manufactured and sold by Shinroihi Kabu-
shiki Kaisha under the designation FM-16 Orange Yel-
low, coating the dissolved phosphor on a light-permea-
ble substrate such as a glass plate, and drying on the
phosphor-coated substrate to vaporize acetone. The
filter thus formed has transmission characteristics as
indicated at the curve (1) in FIG. 8. For comparison,
the transmission characteristics of a commercially avail-
able filter which is manufactured and sold by Kabushiki
Kaisha Toshiba under the designation 0-57 and is
adapted to pass yellowish orange-colored light there-
through are indicated at the curve (2) in FIG. 8. FIG. 8
indicates that the fluorescent filter 4 used in the illus-
trated embodiment is somewhat inferior in transmit-
tance to the conventional filter. This is to be understood
that the transmittance is substantially affected by the
thickness of the filter substrate or glass plate, the thick-
ness of the phosphor layer and the like. The fluorescent
filter having transmission characteristics equal to the
conventional filter can be formed by suitably determin-
ing such factors. The fluorescent filter 4, as clearly
noted from FIG. 8, transmits light of a long wavelength
above about 550 nm and is excited by light of a short
wavelength so as to emit light of a long wavelength
above 550 nm, as in the curve (c) in FIG. 6 described
above.

Accordingly, light of the halogen lamp 1 observed
through the fluorescent filter 4 comprises the sum of
transmission light passing through the filter and phos-
phor depending light emitted by the filter.

The halogen lamp 1, as shown in FIG. 6, has a wide
spectral distribution extending from about 400 nm to an
infrared region. Accordingly, light observed through
the fluorescent filter 4 is increased in intensity by light
emitted from the filter due to the filter treatment, as in
the curve (e) in FIG. 6 described above.

Also, in the embodiment shown in FIG. 1, a layer 5 of
the same phosphor as used for the fluorescent filter 4 is
formed on an inner peripheral surface of the lamp
holder 2 or a nontransparent substrate to convert light
scattered from the halogen lamp 1 into light of a desired
long wavelength so that light outwardly discharged
from the light source may be further increased in inten-
sity.

Thus, when light of the lamp 1 indicated at the solid
line (a) in FIG. 1 is treated through the fluorescent filter
4, a component of light having a long wavelength ex-
ceeding 550 nm is caused to pass through the filter 4 as
indicated at the dotted lines (b) in FIG. 1 and the re-
maining light component of a wavelength below 550
nm excites the filter to cause it to emit light indicated at
the wave line (c) in FIG. 1, which is superposed on the
transmitted light (b) and then outwardly discharged
through the cover glass 3. Also, light of the lamp im-
pinged on the phosphor layer 5 is outwardly discharged
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as the sum of a portion (d) of the light of a wavelength
above about 550nm reflected on the phosphor layer and
light (e) emitted from the phosphor layer 5 excited by a
portion of the light of a short wavelength below 550
nm.

Thus, it will be noted that the embodiment shown in
FIG. 1 causes a portion of light from the lamp 1 which
is interrupted by a conventional filter to be effectively
utilized so as to substantially increase the intensity of
lightening of the light source.

In an embodiment shown in FIG, 2, a fluorescent
filter 4 is formed by depositing a phosphor layer on a
transparent cover arranged on an outer periphery of a
lamp 1. In an embodiment shown in FIG. 3, a fluores-
cent filter 4 is formed by.depositing a phosphor layer on
a cover glass 3 of a lamp holder 2. The phosphor layer
may be applied to an inner surface of the cover 3. Alter-
natively, when the cover 3 is formed of a plastic mate-
rial, phosphor may be included in the plastic material so
that the flourescent filter 3 may comprise the cover 3
formed of such phosphor including plastic material. In
an embodiment of FIG. 4, a fluorescent filter 4 is
formed by depositing a phosphor layer directly on an
outer surface of a lamp 1.

An embodiment of a light source shown in FIG. §
includes a combination of a fluorescent filter and a con-
ventional filter 6. The fluorescent filter is formed by
applying a phosphor layer 5 to an inner surface of a
lamp holder 2 and the conventional filter 6 comprises a
cover glass. In this embodiment, light (f) of a lamp 1
passing through the filter 6 is outwardly discharged
together with light (g) of the lamp 1 reflected on the
phosphor layer 5 and light (h) emitted from the phos-
phor layer 5 due to impingement of a part of light of the
lamp on the phosphor layer 5.

As can be seen from the foregoing, in the light source
of the present invention, the phosphor layer is provided
at a part of the filter arranged adjacent to the light
emitting lamp or arranged so as to serve as the reflec-
tion layer so that it may be excited by a part of light of
the lamp to emit light of a visible region. The phosphor
layer transmits light of a wavelength essentially re-
quired for lighting and emits light due to the excitation
by light of a wavelength which is not required for light-
ing so that light outwardly discharged from the light
source may be increased in intensity.

Thus, the present invention allows light which has
been conventionally removed as an unnecessary light
component to be effectively utilized for exciting the
phosphor layer, to thereby provide a light source highly
improved in lightening efficiency. Also, the present
invention accomplishes energy saving and can be effec-
tively applied to various kinds of light sources, such as,
for example, a fog lamp various auxiliary lamps for an
automobile, stage lighting and the like.

While preferred embodiments of the invention have
been described with a certain degree of particularity
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with reference to the drawings, obvious modifications
and variations are possible in light of the above teach-
ings. It is therefore to be understood that within the
scope of the appended claims, the invention may be
practiced otherwise than as specifically described.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

1. A light source comprising:

a lamp;

a lamp holder means for receiving said lamp therein

and reflecting light produced from said lamp;

a cover glass for said lamp; and

a filter containing phosphor layer for emitting light of
visible region to be excited by said lamp, said filter
being arranged to adjacent to said lamp,

wherein said filter allows light to pass in the range of
500-700 nm.

2. The light source as defined in claim 1, wherein said
filter containing phosphor is deposited on a light perme-
able material.

3. The light source as defined in claim 2, wherein said
filter containing phosphor is arranged on an outer pe-
riphery of said lamp.

4. The light source as defined in claim 2, wherein said
filter contain phosphor is arranged between said lamp
and said cover glass.

5. The light source as defined in claim 1 further com-
prising:

a second phosphor layer for emitting light of visible
region to be excited by said lamp, said phosphor
layer being deposited on an inner peripheral sur-
face of said lamp holder.

6. The light source as defined in claim 1 wherein said
filter containing phosphor is deposited on an inner sur-
face of said cover glass.
7. The light source as defined in claim 1 wherein said
phosphor filter containing is deposited on an outer sur-
face of said lamp.
8. A light source comprising:
a lamp;
a lamp holder means for receiving said lamp therein
and reflecting light produced from said lamp; and

afilter cover glass for said lamp, said filter cover glass
containing a phosphor emitting light in the range of
500-700 nm.

9. A light source comprising:

a lamp;

a lamp holder means for receiving said lamp therein
and reflecting light produced from said lamp;

a filter cover glass for said lamp having predeter-
mined spectral transmittance characteristics; and

a phosphor layer in direct contact with said filter
cover for emitting light in the range of 500-700 nm,
said phosphor layer being deposited on an inner

peripheral surface of said lamp holder.
* * * * %*



