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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinvention relatestoan optical scan-
ning device including a MEMS (Micro Electro Mechanical
Systems) light deflector.

Description of the Related Art

[0002] A vehicle headlightincludingan MEMS light de-
flector and a phosphor panel is known (e.g., Japanese
Patent No. 5577138). In the vehicle headlight, emitted
light from the light deflector scans a light incident surface
of the phosphor panel in which phosphors are housed,
and is emitted from a light emitting surface on the side
opposite to the light incident surface. When passing
through the phosphor panel, the light is changed to a
desired frequency (color) by the phosphors inside the
phosphor panel.

[0003] The fluorescence lifetime of the phosphors will
be schematically described. When light such as laser
light is irradiated onto the phosphors, the electrons of
fluorescent molecules are excited, and the vibration level
of electrons is moved immediately from the ground state
to the excited state. After that, excess energy of electrons
is dissipated and hence the vibration level of electrons
drops to a vibration level as the lowest order of a first
excited state Then, fluorescence is emitted from the
phosphors in a process where the electrons return from
the lowest-order vibration level to the level of the ground
state.

[0004] The fluorescence lifetime is defined as a time
period from the time of starting the excitation of the phos-
phors by the excitation light until the intensity of the flu-
orescence emitted by the phosphors becomes 1/e
(where 1 is the fluorescence intensity at a peak, and e is
the base of natural logarithm) after exceeding the peak.
The fluorescence lifetime can also be figured out as a
time period from the time of starting the excitation of the
phosphors, composed of sufficiently many, N fluorescent
molecules, by the excitation light until the number of flu-
orescent molecules remaining in the excited state among
the N fluorescent molecules becomes N/e.

[0005] During a period in which the phosphors are in
the excited state, the phosphors are not excited even
when the excitation light is irradiated. In other words, in
order to excite the phosphors, it is necessary to wait until
the phosphors returns to the ground state. Therefore, the
irradiation of excitation light to the phosphors in the ex-
cited state leads to the waste of energy of the excitation
light.

[0006] In the conventional optical scanning device,
since the excitation light that enters the light incident sur-
face of the phosphor panel from the light deflector is not
managed and controlled in relationship to the fluores-
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cence lifetime, the irradiation time ofthe phosphors inside
the phosphor panel reaches several times the fluores-
cence lifetime or more. As a result, a considerable
amount of light energy of the light source is wasted.

SUMMARY OF THE INVENTION

[0007] Itis an object of the presentinvention to provide
an optical scanning device configured to make phos-
phors emit light efficiently.

(First Aspect of Present Invention)

[0008] An optical scanning device of a first aspect in-
cludes:

a light source device having a light emitting unit to
emit light from the light emitting unit;

a phosphor panel having a light transmission part
that houses phosphors between a light incident sur-
face and a light emitting surface;

a projector unit configured to adjust light emitted from
the light emitting surface of the phosphor panel and
project the light to an irradiation area;

a light deflector having a mirror unit capable of turn-
ing reciprocally about first and second rotation axial
lines orthogonal to each other, and actuators to turn
the mirror unit reciprocally about the first and second
rotation axial lines, the light deflector configured to
reflect, by the mirror unit, incident light from the light
emitting unit of the light source device, and cause
the reflected lightto scan on the light incident surface
of the phosphor panel in first and second scanning
directions corresponding to reciprocal turning direc-
tions of the mirror unit about the first and second
rotation axial lines; and

a drive voltage generating unit configured to gener-
ate drive voltages of the actuators so that reciprocal
turning of the mirror unit about the first rotation axial
line will be done at a resonant frequency as natural
vibration of the mirror unit, and reciprocal turning of
the mirror unit about the second rotation axial line is
done at a non-resonant frequency different from the
resonant frequency,

wherein longer and shorter ones of two radial direc-
tions of an excitation light spot are defined as a major
axis direction and a minor axis direction, respective-
ly, where the two radial directions are perpendicular
to each other, and the excitation light spot is gener-
ated on the light incident surface of the phosphor
panel by the reflected light from the light deflector to
excite the phosphors in the light transmission part,
and a rotational position of the light emitting unit of
the light source device about an optical axis of the
emitted light from the light emitting unit is so set that
the minor axis direction of the excitation light spot
will be a direction along the first scanning direction
of the excitation light spot on the light incident sur-
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face.

[0009] According to the optical scanning device of the
first aspect, the rotational position of the light emitting
unit of the light source device about the optical axis is so
set that the minor axis direction of the excitation light spot
will be a direction along the first scanning direction of the
excitation light spot on the light incident surface. Thus,
since the time of the excitation light spot to pass through
each phosphor is reduced while irradiating many phos-
phors in the major axis direction on the light incident sur-
face of the phosphor panel, the phosphors can be made
to emit light efficiently.

[0010] It is preferred that the optical scanning device
of the first aspect should further include:

first and second irradiation systems each having the
light source device and the light deflector separately
and both sharing the phosphor panel and the pro-
jector unit, where the first and second irradiation sys-
tems are so set that a first scanning area of first and
second scanning areas respectively generated on
the light incident surface as scanning areas of exci-
tation light spots will be on aninner side of the second
scanning area; and

diameter-reducing lens elements to make the diam-
eter of the excitation light spot of the first irradiation
system smaller than that of the excitation light spot
of the second irradiation system.

[0011] According to this structure, the optical scanning
device further includes the first and second irradiation
systems in such a manner that the excitation light spot
of the first irradiation system in the first scanning area
smaller on the common light incident surface has a small-
er diameter than that of the excitation light spot of the
second irradiation system in the second scanning area
larger than the first scanning area. Thus, since the total
continuous irradiation time of the excitation light spot of
the firstirradiation system is reduced, the phosphors can
be made to emit light efficiently without increasing the
scanning speed of the excitation light spot of the first
irradiation system much more than the scanning speed
of the excitation light spot of the second irradiation sys-
tem.

(Second Aspect of Present Invention)

[0012] An optical scanning device of a second aspect
includes:

a light source device;

a phosphor panel having a light transmission part
that houses phosphors between a light incident sur-
face and a light emitting surface;

aprojector unit configured to adjust light emitted from
the light emitting surface of the phosphor panel and
project the light to an irradiation area;
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a light deflector having a mirror unit capable of turn-
ing reciprocally about a rotation axial line, and actu-
ators to turn the mirror unit reciprocally about the
rotation axial line, the light deflector configured to
reflect, by the mirror unit, incident light from the light
source device, and cause the reflected light to scan
on the light incident surface of the phosphor panel;
and

a light source control unit configured to control ON
and OFF of the light source device,

wherein when an excitation light spot generated on
the light incident surface by the reflected light from
the light deflector and used as an excitation source
of the phosphors in the light transmission part scans
in a scanning direction, the placing position and di-
mensions of the excitation light spot are so set that
the scanning speed of the excitation light spot over
the entire light incident surface will be higher than a
reference scanning speed at which the total contin-
uous irradiation time as a time of continuously irra-
diating all phosphors having an average patrticle di-
ameter becomes equal to a fluorescence lifetime of
the phosphors.

[0013] According to the optical scanning device of the
second aspect, the placing position and dimensions of
the excitation light spot are so setthat the scanning speed
of the excitation light spot over the entire light incident
surface will be higher than the reference scanning speed.
In other words, the scanning surface scanned by the ex-
citation light spot at a speed equal to or lower than the
reference scanning speed is located outside of the light
incident surface. As a result, the phosphors inside the
phosphor panel can be made to emit light efficiently.
[0014] It is preferred that the optical scanning device
of the second aspect should be such that longer and
shorter ones of two radial directions of the excitation light
spot on the light incident surface are defined as a major
axis direction and a minor axis direction, respectively,
where the two radial directions are perpendicular to each
other, and the rotational position of a light emitting unit
of the light source device about an optical axis of the
emitted light from the light emitting unit is so set that the
minor axis direction of the excitation light spot will be a
direction along the scanning direction of the excitation
light spot on the light incident surface.

[0015] According to this structure, the rotational posi-
tion of the light emitting unit of the light source device
aboutthe optical axis is so set that the minor axis direction
of the excitation light spot will be a direction along the
scanning direction of the excitation light spot on the light
incident surface. Thus, since the time of the excitation
light spot to pass through each phosphoris reduced while
irradiating many phosphors in the major axis direction on
the lightincident surface ofthe phosphor panel, the phos-
phors can be made to emit light efficiently.

[0016] It is preferred that the optical scanning device
of the second aspect should further include a diameter-
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reducing lens element arranged between the light source
device and the light deflector to reduce the diameter of
the excitation light spot to make the total continuous ir-
radiation time shorter than the fluorescence lifetime.
[0017] According to this structure, since the diameter
of the excitation light spot is reduced by the diameter-
reducing lens element, the total continuous irradiation
time is made shorter. This can suppress a rise in the
temperature of the optical spot, and hence prevent the
phosphors from decreasing the rate of absorption of the
excitation light (temperature quenching).

[0018] It is preferred that the optical scanning device
of the second aspect should further include:

first and second irradiation systems each having the
light source device and the light deflector separately
and both sharing the phosphor panel and the pro-
jector unit, where the first and second irradiation sys-
tems are so set that a first scanning area of first and
second scanning areas respectively generated on
the light incident surface as scanning areas of exci-
tation light spots will be on the inner side of the sec-
ond scanning area; and

diameter-reducing lens elements configured to
make the diameter of the excitation light spot of the
first irradiation system smaller than that of the exci-
tation light spot of the second irradiation system.

[0019] According to this structure, the optical scanning
device further includes first and second irradiation sys-
tem in such a manner that the excitation light spot of the
first irradiation system in the first scanning area smaller
on the common light incident surface has a smaller di-
ameter than that of the excitation light spot of the second
irradiation system in the second scanning area larger
than the first scanning area. Thus, since the total contin-
uous irradiation time of the excitation light spot of the first
irradiation system is reduced, the phosphors can be
made to emit light efficiently without increasing the scan-
ning speed of the excitation light spot of the firstirradiation
system much more than the scanning speed of the exci-
tation light spot of the second irradiation system.
[0020] It is preferred that the optical scanning device
of the second aspect should further include:

first and second irradiation systems each having the
light source device and the light deflector separately
and both sharing the phosphor panel and the pro-
jector unit, where the first and second irradiation sys-
tems are so set that each of first and second scan-
ning areas respectively generated on the light inci-
dent surface as scanning areas of optical spots will
be formed into a rectangle to make a side scanned
by the excitation light spot at a high speed longer
than a side scanned at a low speed; and

mirror control units each configured to control a mir-
ror unit of the light deflector through the actuators of
the light deflector of each of the first and the second
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irradiation systems so that long sides of the first and
the second scanning areas will be equal to each oth-
er, and a short side of the first scanning area will be
shorter than that of the second scanning area.

[0021] According to this structure, the optical scanning
device includes the first and second irradiation systems,
the long-side direction scanning speeds of the excitation
light spots in the first and second scanning areas area
equal to each other, and the short-side direction scanning
speed of the excitation light spot in the first scanning area
is made slower than the short-side direction scanning
speed of the excitation light spot in the second scanning
area. This can increase the density of short-side direction
scanning lines in the first scanning area to increase the
fluorescence intensity of the first scanning area on the
inner side more smoothly than the fluorescence intensity
of the second scanning area on the outer side.

(Third Aspect of Present Invention)

[0022]
cludes:

An optical scanning device of a third aspect in-

a light source device;

a phosphor panel having a light transmission part
that houses phosphors between a light incident sur-
face and a light emitting surface;

a projector unit configured to adjust light emitted from
the light emitting surface of the phosphor panel and
project the light to an irradiation area;

a light deflector having a mirror unit capable of turn-
ing reciprocally about a rotation axial line, and actu-
ators to turn the mirror unit reciprocally about the
rotation axial line, the light deflector configured to
reflect, by the mirror unit, incident light from the light
source device, and cause the reflected light to scan
on the light incident surface of the phosphor panel;
and

a light source control unit configured to control ON
and OFF of the light source device,

wherein the optical scanning device further includes:

firstand second irradiation systems each having
the light source device and the light deflector
separately and both sharing the phosphor panel
and the projector unit, where the firstand second
irradiation systems are so set that each of first
and second scanning areas respectively gener-
ated on the light incident surface as scanning
areas of excitation light spot will be formed into
a rectangle to make a side scanned by the ex-
citation light spot at a high speed longer than a
side scanned at a low speed; and

mirror control units each configured to control a
mirror unit of the light deflector through the ac-
tuators of the light deflector of each of the first
and the second irradiation systems so that long
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sides of the first and the second scanning areas
will be equal to each other, and a short side of
the first scanning area will be shorter than that
of the second scanning area.

[0023] According to the optical scanning device of the
third aspect, the optical scanning device includes the first
and second irradiation systems, the long-side direction
scanning speeds of the excitation light spots in the first
and second scanning areas area equal to each other,
and the short-side direction scanning speed of the exci-
tation light spot in the first scanning area is made slower
than the short-side direction scanning speed of the exci-
tation light spot in the second scanning area. This can
increase the density of short-side direction scanning lines
in the first scanning area to increase the fluorescence
intensity of the first scanning area on the inner side more
smoothly than the fluorescence intensity of the second
scanning area on the outer side.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]

FIG. 1 is a perspective view of one half part when a
headlight unit 1 is divided into two parts by a plane
of symmetry.

FIG. 2 is a sectional view when the headlight unit 1
is cut along the plane of symmetry.

FIG. 3 is a perspective view when a light deflector is
viewed diagonally from the front.

FIG. 4A is an explanatory chart related to the rela-
tionship between a change in the vibration level of
electrons of phosphors, and absorption and emis-
sion of vibrational energy.

FIG. 4B and FIG. 4C are explanatory charts illustrat-
ing changes in fluorescence intensity after respec-
tive phosphors are excited, where the changes are
indicated using relative values with a peak value set
to 1, and the natural logarithmic values.

FIG. 5A is a diagram when a light incident surface
of a phosphor panel is viewed from the side of an
rear assembly.

FIG. 5B is a waveform chart of first drive voltage as
voltage supplied to an inner actuator of the light de-
flector.

FIG. 5C is a waveform chart of second drive voltage
as voltage supplied to an outer actuator of the light
deflector.

FIG. 6A is an explanatory diagram of a total contin-
uous irradiation time.

FIG. 6B is a graph illustrating changes in fluores-
cence intensity when the total continuous irradiation
time is long.

FIG. 6C is a graph illustrating continuous irradiation
times related to two reciprocal turning frequencies
of a mirror unit about a first rotation axial line at hor-
izontal axis coordinates on a light incident surface.
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FIG. 7Ais an explanatory diagram when an elongat-
ed optical spot is generated.

FIG. 7B and FIG. 7C are diagrams illustrating optical
spots generated on the light incident surface at each
rotating angle of a light emitting unit of a laser-light
emission device about the optical axis.

FIG. 8A and FIG. 8B are explanatory diagrams of
the total continuous irradiation time when the major
axis direction and minor axis direction of each optical
spot is aligned with the scanning direction.

FIG. 8C is an explanatory diagram when an optical
spot Sp is scanned by aligning the minor axis direc-
tion of the optical spot with the scanning direction.
FIG. 9 is a diagram when a light incident surface
used in another embodiment to reduce the total con-
tinuous irradiation time is viewed from the side of the
rear assembly.

FIG. 10A is a graph illustrating the effect of using
longitudinal scanning and a light incident surface
narrow in width to reduce the total continuous irra-
diation time.

FIG. 10B is a graph illustrating that total continuous
irradiation time < fluorescence lifetime is achieved
in scanning of the optical spot on the light incident
surface.

FIG. 11 isadiagramillustrating optical spot scanning
areas generated by two headlight units on a light
incident surface of the phosphor panel.

FIG.12Ais adiagramiillustrating a case where SPOT
is in a standard position.

FIG. 12Bis a diagramiillustrating a case where SPOT
is in a position displaced to one side.

FIG. 13 is a structural diagram of another headlight
unit.

FIG. 14 isadiagramillustrating optical spot scanning
areas generated on a light incident surface of the
phosphor panel by two headlight units inside one
vehicle headlight.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0025] FIG. 1 is a perspective view of one half part
when a headlight unit 1 is divided into two parts by a
plane of symmetry, and FIG. 2 is a sectional view when
the headlight unit 1 is cut along the plane of symmetry.
[0026] Two headlight units 1 are equipped for each of
right and left vehicle headlights. Thus, the vehicle has
four headlight units 1 in total. Each headlight unit 1 is
equipped with two irradiation systems 13a, 13b to be de-
scribed later. Thus, a total of eight irradiation systems
are equipped in the vehicle. Each irradiation system can
set an irradiation area individually. It is assumed that the
relationship among irradiation areas of the total of eight
irradiation systems can be a case where a predetermined
number of irradiation areas partially overlap with one an-
other, a case where one irradiation area is included in
another irradiation area, or a case where another prede-
termined number of irradiation areas match one another.
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[0027] In FIG. 1 and FIG. 2, the headlight unit 1 in-
cludes a front assembly 2 mounted in a front-end portion
of aunitmounting hole formed in a depressed area adapt-
ed to mounting the vehicle headlight and provided at the
frontof an unillustrated vehicle body, and arear assembly
3 mounted at the back of the unit mounting hole. The
frontassembly 2 and the rear assembly 3 are so arranged
that the center lines of the assemblies will be aligned with
the center line of the unit mounting hole.

[0028] The front assembly 2 includes a lens holder 7,
an annular cap 8, and a laser holder 9. The annular cap
8 is assembled to the lens holder 7 in such a manner that
the inner peripheral portion of the annular cap 8 is
screwed onto the outer peripheral portion of the front end
of the lens holder 7. The laser holder 9 is assembled to
the lens holder 7 in such a manner that the inner periph-
eral portion of the front end of the laser holder 9 is
screwed onto the outer peripheral portion of the rear end
of the lens holder 7.

[0029] The headlight unit 1 has irradiation systems
13a, 13b, which can set irradiation areas independently,
in a positional relationship of the upper side and down
side, respectively. The irradiation system 13a includes a
laser-light emission device 14a fixed to an upper portion
on the inner periphery of the rear end of the laser holder
9, a condenser lens 16a mounted in an emitting unit of
the laser-light emission device 14a, and a light deflector
15a fixed to an upper inclined face in a central portion of
the front of the rear assembly 3. The irradiation system
13b includes a laser-light emission device 14b fixed to a
lower portion on the inner periphery of the rear end of
the laser holder 9, a condenser lens 16b mounted in an
emitting unit of the laser-light emission device 14b, and
a light deflector 15b fixed to a lower inclined face in a
central portion of the front of the rear assembly 3.
[0030] Projectorlenses 19ato 19d are arranged on the
inner periphery of the lens holder 7 to align the center
lines with one another in the front-rear direction in order
from front to rear. The rim of the projector lens 19a is
fixed to the front end of the lens holder 7 by the annular
cap 8. The other projector lenses 19b to 19d are posi-
tioned in the direction of the center line of the lens holder
7 by step parts or fitting rings on the inner peripheral side
of the lens holder 7, and fixed to the inner peripheral side
of the lens holder 7.

[0031] A phosphor panel 20 is formed into the shape
ofarectangularflat plate, the center line thereof is aligned
with the center line of the front assembly 2, and the pe-
riphery thereof is mounted in a rectangular opening por-
tion at the center of the laser’ holder 9. The phosphor
panel 20 includes a pair of transparent plates on both
sides in the thickness direction, and a light transmission
part formed between the pair of transparent plates to
house granular phosphors. The light incident surface 41
(FIG. 5A) of the phosphor panel 20 is formed on one
transparent plate on the rear side to face the rear assem-
bly 3. The light emitting surface of the phosphor panel
20 is formed on the other transparent plate on the front
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side to face the rear surface of the projector lens 19d.
[0032] In the irradiation system 13a, light (e.g., blue
light) emitted from the laser-light emission device 14a
enters the light deflector 15a along an optical path 22a.
The light deflector 15a reflects the incident light, and the
reflected light enters the light incident surface 41 (FIG.
5A and FIG. 5B) of the phosphor panel 20 along an optical
path 23a. In the irradiation system 13b, light emitted from
the laser-light emission device 14b (the same color as
that of emitted light from the laser-light emission device
14a) enters the light deflector 15b along an optical path
22b. The light deflector 15b reflects the incident light, and
the reflected light enters the light incident surface 41 of
the phosphor panel 20 along an optical path 23b.
[0033] The projector lenses 19a to 19d and the phos-
phor panel 20 constitute a device common to the irradi-
ation systems 13a, 13b. Light emitted from the light emit-
ting surface as the front surface of the phosphor panel
20 passes through an array of the projector lenses 19a
to 19d in order from rear to front, and is emitted from the
front surface of the projector lens 19a toward a predeter-
mined irradiation area ahead of the vehicle.

[0034] Inthefollowing, theirradiation systems 13a, 13b
are collectively called the "irradiation system 13" unless
otherwise the irradiation systems 13a, 13b are particu-
larly distinguished. Likewise, when the laser-light emis-
sion devices 14a, 14b are not particularly distinguished,
the laser-light emission devices 14a, 14b are collectively
called the "laser-light emission device 14." When the light
deflectors 15a, 15b are not particularly distinguished, the
light deflectors 15a, 15b are collectively called the "light
deflector 15." When the condenser lenses 16a, 16b are
not particularly distinguished, the condenser lenses 16a,
16b are collectively called the "condenserlens 16." When
the optical paths 22a, 22b are not particularly distin-
guished, the optical paths 22a, 22b are collectively called
the "optical path 22." When the optical paths 23a, 23b
are not particularly distinguished, the optical paths 23a,
23b are collectively called the "optical path 23."

[0035] Forexample, the laser-light emission device 14
has a laser diode as a light source. The center line of the
optical path 22 is an optical axis of emitted light from the
laser-light emission device 14. The center line of the op-
tical path 23 is an optical axis of emitted light from the
light deflector 15 or an optical axis of incident light onto
the phosphor panel 20.

[0036] Note that the emitted light and the incident light
are such that the same light becomes the emitted light
when the emitting side device is used as the reference
device, or becomes the incident light when the incident
side device is used as reference. For example, light on
the optical path 22 is emitted light based on the laser-
light emission device 14, or incident light based on the
light deflector 15.

[0037] FIG. 3 is a perspective view when the light de-
flector 15 is viewed diagonally from the front. The light
deflector 15 as an MEMS device includes a mirror unit
32 arranged pivotably on the center, an inner rectangular



11 EP 3 205 929 A2 12

frame 33 that surrounds the mirror unit 32 externally, and
an outer rectangular frame 34 that surrounds the inner
rectangular frame 33 externally. The light deflector 15
reflects, on a mirror surface 32a of the mirror unit 32, light
entering from the laser-light emission device 14 along
the optical path 22, and emits the reflected light from the
mirror surface 32a toward the phosphor panel 20 along
the optical path 23.

[0038] Here, for the sake of describing the structure of
the light deflector 15, a long-side direction X, a short-side
direction Y, and a thickness direction Z mutually orthog-
onal to one another are defined for the light deflector 15.
The long-side direction X and the short-side direction Y
are directions parallel to the long side and short side of
the outer rectangular frame 34, respectively. The thick-
ness direction Z is the thickness direction of the outer
rectangular frame 34. Since the light deflector 15 is made
using MEMS technology, the light deflector 15 has a lam-
inated structure. The thickness direction Z of the light
deflector 15 corresponds to the laminated direction of the
laminated structure of the light deflector 15.

[0039] Itis assumed that the front side of the light de-
flector 15 is a side on which the incident light from the
laser-light emission device 14 enters the light deflector
15 (= a side on which the reflected light to the phosphor
panel 20 is emitted) in the thickness direction Z, and the
back side of the light deflector 15 is a side opposite to
the front side in the thickness direction Z. The positive
sides of the long-side direction X and the short-side di-
rection Y are the right side and upper side of the light
deflector 15 as viewed from the front, respectively. The
positive side of the thickness direction Z is a direction
fromthe back side to the front side of the light deflector 15.
[0040] A pair of torsion bars (elastic beams) 35a, 35b
are arranged on one side in the short-side direction Y
(the upper side of the light deflector 15 in the front view)
of the mirror unit 32 and on the other side (the lower side
of the light deflector 15 in the front view) to couple the
mirror unit 32 and the inner rectangular frame 33.
[0041] The inner actuators 36a, 36b are arranged to-
gether on one side for the mirror unit 32 in the short-side
direction Y, and on one side (left side of the light deflector
15 in the front view) and the other side (right side of the
light deflector 15 in the front view) for the torsion bar 35a
in the long-side direction X, respectively. The inner ac-
tuators 36¢, 36d are arranged together on the other side
for the mirror unit 32 in the short-side direction Y, and on
one side and the other side for the torsion bar 35b in the
long-side direction X, respectively.

[0042] In the following, when the torsion bars 35a, 35b
are not particularly distinguished, the torsion bars 35a,
35b are collectively called the "torsion bar 35." When the
inner actuators 36a to 36d are not particularly distin-
guished, the inner actuators 36a to 36d are collectively
called the "inner actuator 36." The inner actuator 36 ex-
tends in the long-side direction X to couple the torsion
bar 35 and the inner rectangular frame 33. The inner
actuator 36 is a piezoelectric actuator made up as a un-
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imorph cantilever.

[0043] The outer actuators 37a, 37b are arranged on
one side and the otherside forthe inner rectangular frame
33 in the long-side direction X, respectively, and reside
between the inner rectangular frame 33 and the outer
rectangular frame 34 to couple the inner rectangular
frame 33 and the outer rectangular frame 34. When the
outer actuators 37a, 37b are not particularly distin-
guished, the outer actuators 37a, 37b are collectively
called the "outer actuator 37." The outer actuator 37 is
made up of plural unimorph piezoelectric cantilevers cou-
pled in series along a meander line (concertina line).
[0044] Plural electrode pads 38a, 38b are formed on
one-side and the other short-side surfaces in the long-
side direction X of the outer rectangular frame 34, re-
spectively, and connected to the electrodes of an electric
structure in the inner actuator 36 or the like through wiring
(not illustrated) formed along the surface of the light de-
flector 15 and a wiring layer (not illustrated, which is typ-
ically ground wiring) embedded in the light deflector 15.
The electrode pads 38a, 38b are also connected outside
of the light deflector 15 to a drive voltage generating unit
(not illustrated) that generates drive voltage to the inner
actuator 36 and the outer actuator 37 (applied voltage to
piezoelectric membranes included in the actuators). In
the following, when the electrode pads 38a, 38b are not
particularly distinguished, the electrode pads 38a, 38b
are collectively called the "electrode pads 38."

[0045] The incident light from the laser-light emission
device 14 onto the mirror surface 32a of the mirror unit
32 of the light deflector 15 enters the mirror unit 32 along
the fixed optical path 22 regardless of the turning angle
of the mirror unit 32. The mirror unit 32 can reciprocally
turn about a first rotation axial line 50 (FIG. 8C) as an
axial line of the torsion bar 35 by the actuation of the inner
actuator 36. Further, the mirror unit 32 can reciprocally
turn about a second rotation axial line 51 (FIG. 8C), per-
pendicular to the first rotation axial line 50 and parallel
to the mirror surface 32a of the mirror unit 32, by the
actuation of the outer actuator 37. When the mirror unit
32 faces directly forward, the first and second rotation
axial lines 50, 51 are approximately parallel to the short-
side direction Y and the long-side direction X, respec-
tively, and the normal line of the mirror surface 32a is
parallel to the thickness direction Z.

[0046] For example, the reciprocal turning frequency
of the mirror unit 32 about the first rotation axial line 50
is 16 kHz, and the reciprocal turning frequency of the
mirror unit 32 about the second rotation axial line 51 is
60 Hz. The reciprocal turning of the mirror unit 32 about
the first rotation axial line 50 as reciprocal turning at a
high frequency becomes resonant driving to drive at a
resonant frequency as the natural resonance frequency
of the mirror unit 32. The frequency of first drive voltage
(FIG. 5B) as supply voltage to the inner actuator 36 by
resonantdriving is setto the natural resonance frequency
(resonant frequency) of the mirror unit 32 having a sinu-
soidal waveform. Thus, the mirror unit 32 is driven by the
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inner actuator 36 to turn reciprocally about the first rota-
tion axial line stably at the resonant frequency.

[0047] On the other hand, the reciprocal turning of the
mirror unit 32 about the second rotation axial line 51 as
reciprocal turning at a low frequency becomes non-res-
onant driving without using the natural vibration of the
mirror unit 32. The frequency of second drive voltage
(FIG. 5C) as supply voltage to the inner actuator 36 by
non-resonantdriving becomes a non-resonant frequency
different from the natural resonance frequency (resonant
frequency) of the mirror unit 32, which has, for example,
a sawtooth waveform. The waveform of the second drive
voltage as the supply voltage to the inner actuator 36
may be any waveform, such as a sinusoidal waveform
or a triangular waveform, as long as the second drive
voltage contains a monotonically increasing range and
a monotonically decreasing range in one cycle. Note that
the resonant frequency of the reciprocal turning of the
mirror unit 32 about the first rotation axial line is decided
by the dimensions, weights, materials, and the like of the
mirror unit 32 and the torsion bar 35.

[0048] The light incident on the light incident surface
41 (FIG. 5A) of the phosphor panel 20 from the light de-
flector 15 scans on the light incident surface 41 in a hor-
izontal axis H direction and a vertical axis V direction.
The light deflector 15 is mounted on the rear assembly
3 to associate the long-side direction X, the short-side
direction Y, and the thickness direction Z (FIG. 3) of the
light deflector 15 with the horizontal axis H and the vertical
axis V of the light incident surface 41 so that scanning
over the light incident surface 41 with the incident light
in the horizontal axis H direction will correspond to recip-
rocal turning of the mirror unit 32 about the first rotation
axial line 50 (FIG. 8C) by the inner actuator 36 in the light
deflector 15, and scanning in the vertical axis V direction
will correspond to reciprocal turning of the mirror unit 32
about the second rotation axial line 51 (FIG. 8C) by the
outer actuator 37 in the light deflector 15.

[0049] The light incident on the light incident surface
41 of the phosphor panel 20 is emitted from the light
emitting surface of the phosphor panel 20 via the light
transmission part that houses the phosphors of the phos-
phor panel 20. Then, the light moves through the array
of the projector lenses 19a to 19d from rear to front, and
a trajectory of light on the light incident surface 41 is pro-
jected from the projector lens 19a to a predetermined
irradiation area ahead of the headlight unit 1.

[0050] FIG. 4A to FIG. 4C are explanatory charts re-
lated to the fluorescence lifetime.

FIG. 4Ais an explanatory chart related to the relationship
between a change in vibration level of electrons of the
phosphors, and the absorption and emission of vibration-
al energy. In regard to the vibration level s of electrons
of the phosphors, SO denotes a ground state, S1 denotes
a first excited state, and S2 denotes a second excited
state. The electrons of the phosphors have three orders
of vibration levels in the ground state, the first excited
state, and the second excited state, respectively. In FIG.
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4A, "absorption" and "emission (fluorescence)" indicate
that the respective electrons of the phosphors absorb
and emit vibrational energy. The phosphors emit fluores-
cence when vibrational energy is emitted.

[0051] When excitation light is irradiated, the vibration
level of the electrons of the phosphors increases from
S0 to S1 or S2. At this time, the excitation energy of the
excitation light is converted to the vibrational energy of
the phosphors. The time required for the phosphors to
absorb the excitation energy of the excitation light and
for the vibration level of the electrons to move from the
ground state to the excited state is just in the order of
femtoseconds.

[0052] After that, the fluorescent molecules in the low-
est-order vibration level of the first excited state S1 dis-
sipate excess energy todrop to the lowest-order vibration
level of the first excited state S1. This state is most stable
in the process of excitation, and the staying time in the
lowest-order vibration level is in a range from several
tens of nanoseconds to a few nanoseconds. Then, in the
process in which the electrons of the phosphors return
from the lowest-order vibration level of S1 to the vibration
level of the ground state, the phosphors emit energy. The
emitted energy at the time is converted to fluorescence.
In general, the fluorescence is light (e.g., white light) low-
er in wavelength than the emitted light (e.g., blue light)
from the laser-light emission device 14.

[0053] FIG. 4B and FIG. 4C illustrate changes in fluo-
rescence intensity after the phosphors are excited. In
both of FIG. 4B and FIG. 4C, the abscissa indicates time
t. The ordinate in FIG. 4B indicates the fluorescence in-
tensity as a relative value with a peak value set to 1, and
the ordinate in FIG. 4C indicates a value after the relative
value in FIG. 4B is converted to a natural logarithmic
value, where "e" is the base of the natural logarithm.
[0054] According to FIG. 4B and FIG. 4C, when the
excitation light is irradiated to the phosphors at t = 0, the
fluorescence intensity increases rapidly to the peak val-
ue, and after that, decreases slowly. The fluorescence
intensity reaches the peak value from t = 0, and further
becomes 1/e at t = ta. The fluorescence lifetime t is de-
fined as the time fromt=0tot = ta.

[0055] When a sufficiently large number of N phos-
phors start being excited at t= 0, the fluorescence lifetime
T means that about 37% (1/e) of fluorescent molecules
in the total number N of fluorescent molecules of all the
phosphors are in the excited state at t = ta after the flu-
orescence lifetime 1t has passed from t = 0, and about
63% (1-1/e) of remaining fluorescent molecules return to
the ground state.

[0056] FIG.5A and FIG. 5B are explanatory diagrams
related to scanning of an optical spot Sp on the light in-
cident surface 41. Note that FIG. 5A, FIG. 5B, and FIG.
6A to FIG. 6C are to point out the problems with the light
deflector 15 when scanning of the optical spot Sp is done
regardless of the fluorescence lifetime, and to be exclud-
ed from embodiments of the presentinvention. However,
the first drive voltage in FIG. 5B and the second drive
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voltage in FIG. 5C are applied to the embodiments of the
present invention.

[0057] FIG.5A s adiagram of the lightincident surface
41 of the phosphor panel 20 as viewed from the side of
the rear assembly 3. The light incident surface 41 is set
to be arectangle. H and V denote the horizontal axis and
vertical axis as the coordinate axes. The long side and
short side of the light incident surface 41 are set to be
parallel to the horizontal axis H and vertical axis V, re-
spectively. The long side and short side of the light inci-
dent surface 41 correspond to the sides to be scanned
with the optical spot Sp at high speed and low speed.
[0058] An origin O is set to the center of the light inci-
dentsurface 41 (anintersecting point of the diagonal lines
of the rectangular light incident surface 41). The horizon-
tal axis H and the vertical axis V are orthogonal to each
other at the origin O. The origin O becomes a reference
position (0, 0) as the origin of the coordinate system of
the horizontal axis H and the vertical axis V. Forexample,
the lengths of the long side and short side of the light
incident surface 41 are 19 mm and 2.4 mm, respectively.
[0059] InFIG. 5A, Kr denotes a track (trajectory) of the
optical spot Sp on the light incident surface 41, where Sp
denotes an optical spot generated on the light incident
surface 41 by the incident light entering the light incident
surface 41 from the light deflector 15.

[0060] The track Kr moves from one end to the other
end of the light incident surface 41 in the vertical axis V
direction while coming and going between both ends of
the light incident surface 41 in the horizontal axis H di-
rection. The optical spot Sp moves on the light incident
surface 41 along the track Kr in conjunction with the re-
ciprocal turning of the mirror unit 32 of the light deflector
15 about the first and second rotation axial lines 50,51.
[0061] When the incident light from the light deflector
15 is irradiated to the light incident surface 41, an irradi-
ation area is generated on the light incident surface 41,
where the intensity of light is the maximum at the irradi-
ation center, and as the incident light moves away from
the irradiation center, the intensity of light is gradually
decreases and finally becomes zero.

[0062] The optical spot Sp is defined as a portion ob-
tained by extracting, from the entire irradiation area, a
portion of the irradiation area, not the whole of the irra-
diation area, to act as light (excitation light) capable of
exciting the phosphors of the phosphor panel 20 in the
irradiation area. In addition, when the incident light from
the light deflector 15 is irradiated to the light incident sur-
face 41, the irradiation area shines brightly. The optical
spot Sp means a portion acting as the excitation light of
the phosphors in the irradiation area, and a portion out-
side of the optical spot Sp in the irradiation area cannot
excite the phosphors though the portion has predeter-
mined illuminance (> 0).

[0063] Thedrive voltages that cause reciprocal turning
of the mirror unit 32 of the light deflector 15 about the
first and second rotation axial lines 50, 51 will be de-
scribed with reference to FIG. 5B and FIG. 5C. FIG. 5B
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illustrates the waveform of first drive voltage output by a
mirror control unit (which also serves as the drive voltage
generating unit) outside of the light deflector 15 to the
inner actuator 36 of the light deflector 15. The first drive
voltage has a sinusoidal waveform. When receiving the
first drive voltage, the inner actuator 36 reciprocally turns
the mirror unit 32 about the first rotation axial line 50. The
first drive voltage is, for example, 16 kHz. The frequency
of the first drive voltage is set to be a resonant frequency
as the natural resonance frequency of the mirror unit 32
about the first rotation axial line 50. Along with the recip-
rocal turning of the mirror unit 32 about the first rotation
axial line, the optical spot Sp reciprocally turns on the
light incident surface 41 in the horizontal axis H direction
to form reciprocating paths of the track Krin the horizontal
axis H direction.

[0064] FIG.5Cillustratesthe waveform of second drive
voltage as voltage to be supplied to the outer actuator
37 of the light deflector 15. The second drive voltage has
a sawtooth waveform. In other words, the second drive
voltage gradually increases with time, and when reaching
the peak, the second drive voltage falls instantly, repeat-
ing this, for example, at 60 Hz.

[0065] Thefirstdrive voltage and the second drive volt-
age are supplied to the inner actuator 36 and the outer
actuator 37 from an unillustrated mirror control unit. The
mirror control unit includes a power supply and is gener-
ally incorporated in the headlight unit 1. However, the
mirror control unit may be provided as an external mirror
control unit of the headlight unit 1 in such a manner that
the output terminals of the first drive voltage and second
drive voltage of the mirror control unit are connected by
wiring to the input terminals of the first drive voltage and
second drive voltage of the headlight unit 1.

[0066] When receiving the second drive voltage, the
outer actuator 37 reciprocally turns the mirror unit 32
about the second rotation axial line 51. Along with the
reciprocal turning of the mirror unit 32 about the second
rotation axial line 51, the optical spot Sp gradually de-
creases on the light incident surface 41 in the vertical
axis V direction, and when reaching the lower side of the
light incident surface 41, the optical spot Sp goes up to
the upper side instantly.

[0067] FIG. 6A to FIG. 6C are explanatory diagrams
related to the relationship between the optical spot Sp
and a phosphor 43. FIG. 6A is an explanatory diagram
of a total continuous irradiation time T, where Hc denotes
the scanning direction of the optical spot Sp. Among the
courses of the optical spot Sp in two plus and minus di-
rections of the horizontal axis H direction along the track
Kr in FIG. 5A, the scanning direction Hc indicates the
plus direction of the horizontal axis H direction (FIG. 5A
and FIG. 5B).

[0068] Although the optical spot Sp also scans in the
vertical axis V direction (second scanning direction) on
the light incident surface 41, the scanning frequency =
16 kHz in the horizontal axis H direction (first scanning
direction) is sufficiently high, compared with the scanning
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frequency = 60 Hz in the vertical axis V direction on the
light incident surface 41. Therefore, the scanning direc-
tion Hc can be considered to be approximately parallel
to the horizontal axis H through slightly having a compo-
nent in the vertical axis V direction.

[0069] Da denotes the diameter of the optical spot Sp
in the scanning direction Hc.

Db denotes a mean particle diameter of the phosphor 43
in the scanning direction Hc. Here, spot diameter Da >
particle diameter Db. As will be described later with ref-
erence to FIG. 8A to FIG. 8C, the optical spot Sp specif-
ically has an elongated shape. Therefore, if the mounting
position of the laser-light emission device 14 into the laser
holder 9 is not set to a predetermined position, Da may
become a maximum of 400 mm. On the other hand, the
phosphor 43 is, for example, ce (ceramic) in YAG (yt-
trium, aluminium, garnet).

The YAG phosphor 43 is such that the particle diameter
Db is 20 wm and the fluorescence lifetime 1 is 60 ns.
[0070] Since spot diameter Da > particle diameter Db,
an interval of time in which the entire phosphor 43 is
included inside the optical spot Sp and continuously ir-
radiated (hereinafter called the "total continuous irradia-
tion time") T exists as the optical spot Sp scans in the
scanning direction Hc on the light incident surface 41.
[0071] The optical spot Sp indicated by the broken line
is illustrated at a position on the light incident surface 41
att=0when the frontend thereof in the traveling direction
is aligned with the front end of the phosphor 43. The
optical spot Sp indicated by the solid line is illustrated at
a position on the light incident surface 41 att = t1 when
the rear end thereof in the traveling direction is aligned
with the rear end of the phosphor 43. Therefore, the total
continuous irradiation time T = T1 (= t1-0).

[0072] FIG. 6B illustrates changes in fluorescence in-
tensity when the total continuous irradiation time T =T1.
It is assumed that 2t < T1 < 3t. As mentioned above,
when the optical spot Sp as the excitation light is irradi-
ated, the phosphor immediately reaches a peak value of
the fluorescence intensity (in the order of femtoseconds).
On the other hand, once the phosphor 43 goes into the
excited state, the phosphor 43 cannot absorb energy
from excitation light until the phosphor 43 returns to the
ground state even if the excitation light continues to be
irradiated. In other words, the excitation light cannot be
converted to fluorescence.

[0073] In the example of FIG. 6B, the number of fluo-
rescence emissions from the phosphor 43 is three. In
FIG. 6B, the phosphor 43 absorbs energy from the exci-
tation light only at three times indicated with "EXCITA-
TION." Thus, most of the irradiation energy of the optical
spot Sp in the total continuous irradiation time T1 during
which the phosphor 43 is irradiated by the optical spot
Sp is wasted. This waste is called luminance quenching.
Further, when being irradiated by the optical spot Sp con-
tinuously in a long time, the phosphor 43 increases in
temperature to reduce the conversion efficiency of fluo-
rescence emission. This reduction of conversion efficien-
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cy is called temperature quenching. Thus, T1 > tis not
desired from the standpoint of the occurrence of lumi-
nance quenching and temperature quenching.

[0074] FIG. 6C illustrates the total continuous irradia-
tion time T at each position on the light incident surface
41 when the spot diameter Da is 400 um, the particle
diameter Db is 20 um, and the reciprocal turning frequen-
cies of the mirror unit 32 about the first rotation axial line
are 16 kHz and 33 kHz. The coordinate positions in the
horizontal axis direction on the abscissa indicate arange
of -0.5 mm to 9.5 mm. The coordinate position = 0 in the
horizontal axis direction corresponds to the position of
the origin O in FIG. 5A. FIG. 6C illustrates the total con-
tinuous irradiation time T of almost the right half of the
light incident surface 41 in FIG. 5A. Since the light inci-
dent surface 41 is symmetric about the vertical axis V,
the total continuous irradiation time T of the left half of
the light incident surface 41 in FIG. 5A is plotted by rep-
licating each characteristic curve in FIG. 6C with refer-
ence to the straight line of the coordinate position = 0 in
the horizontal axis direction. Note that the characteristic
curves indicated with A 1 and A2 in FIG. 6C are charac-
teristic curves when the optical spot Sp is scanned on
the light incident surface 41 by transverse scanning de-
fined in FIG. 7A.

[0075] The scanning speed of the optical spot Sp is
peaked at the center of the light incident surface 41 as
the origin in the horizontal axis H direction (see FIG. 5A),
i.e., atthe horizontal-axis H coordinate = 0, and becomes
a minimum of 0 at both ends of the light incident surface
41 inthe horizontal axis H direction because the scanning
direction is reversed. Thus, the total continuous irradia-
tion time T becomes the shortest at the center of the light
incident surface 41 in the horizontal axis H direction, and
the longest at both ends of the light incident surface 41
in the horizontal axis H direction.

[0076] In FIG. 6C, the straight line of the total contin-
uous irradiation time T = 60 ns (the fluorescence lifetime
of YAG) is illustrated as reference. From FIG. 6C, it is
found that the total continuous irradiation time T < 60 ns
(the fluorescence lifetime of YAG) cannot be achieved in
this structure of the headlight unit 1 even if the reciprocal
turning frequency of the mirror unit 32 about the first ro-
tation axial line on the light deflector 15 is changed from
16 kHz to 33 kHz about the twice the frequency at all
positions on the light incident surface 41. Because of the
structure of the light deflector 15, it is unreasonable to
setreciprocalturning frequency ofthe mirror unit 32 about
the first rotation axial line three times or more of 16 kHz
in order to set the total continuous irradiation time T < 60
ns.

[0077] FIG. 7A to FIG. 7C are explanatory diagrams
related to the relationship between a light emitting unit
45 of the laser-light emission device 14 and the optical
spot Sp. FIG. 7TAto FIG. 7C, and FIG. 8A to FIG. 8C are
to describe the meaning of the transverse scanning of
the optical spot Sp in the embodiment of the present in-
vention.
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[0078] FIG. 7A is an explanatory diagram when an
elongated optical spot Sp is generated. Since the laser-
lightemission device 14 is semiconductor laser, the cross
section of emitted light from the semiconductor laser
(cross section cut in a direction perpendicular to the op-
tical axis direction) becomes an ellipse, nota circle. Thus,
the light emitting unit 45 of the laser-light emission device
14 is formed into a horizontally long shape to fit the elon-
gated cross section of the emitted light.

[0079] The light emitting unit 45 of the laser-light emis-
sion device 14 has a specific shape different from the
circle. Further, the condenser lens 16 is provided on the
optical path 22 between the laser-light emission device
14 and the light deflector 15. Thus, the optical spot Sp
on the light incident surface 41 is not a circle, which is
an elongated shape of 400 wm in the major axis direction
and 50 pm in the minor axis direction as illustrated in
FIG. 7B and FIG. 7C.

[0080] InFIG. 7A, emitted lightis widened largely from
the optical axis (which agrees with the center line of the
light emitting unit 45) as the emitted light travels from the
light emitting unit 45 of the laser-light emission device 14
toward the condenser lens 16, but this is more exagger-
ated than the actual situation. The light emitting unit 45,
i.e., the laser-light emission device 14 is rotated about
the optical axis to change the rotational position of the
optical spot Sp about the optical axis. In FIG. 7A, the light
widths indicated by the solid line and broken line corre-
spond to the minor axis direction and major axis direction
among the radial directions perpendicular to the optical
spot Sp, respectively.

[0081] FIG. 7B illustrates an optical spot Sp generated
on the light incident surface 41 when the rotating angle
of the light emitting unit 45 of the laser-light emission
device 14 about the optical axis is set to a predetermined
value a. In this case, the horizontal scanning direction
Hc, i.e., the scanning direction by resonant driving using
natural vibration (resonance vibration) is aligned with the
major axis direction of the optical spot Sp having an elon-
gated shape. The laser-light emission device 14 is
mounted on the laser holder 9 by rotating the lightemitting
unit 45 of the laser-light emission device 14 about the
optical axis by 90 degrees from a predetermined value
o.in Fig.7B to change the rotating angle to o. + 90 degrees.
As a result, as illustrated in FIG. 7C, the minor axis di-
rection of the elongated optical spot Sp can be aligned
with the scanning direction by resonant driving using the
horizontal scanning direction Hc, i.e., the natural vibration
(resonance vibration).

[0082] FIG. 8A to FIG. 8C are explanatory diagrams
of the total continuous irradiation time T of the optical
spot Sp. FIG. 8A and FIG. 8B are explanatory diagrams
of the total continuous irradiation time T when the major
axis direction and minor axis direction of the optical spot
Sp are aligned with the scanning direction Hc, respec-
tively. Like in the description with reference to FIG. 7A
to FIG. 7C, the major axis and minor axis of the optical
spot Sp are assumed to be 400 um and 50 pm, respec-
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tively. Further, the particle diameter of the phosphor 43
is assumed to be 20 um. In the following, the scanning
systems when scanning is performed by aligning the ma-
jor axis direction and minor axis direction of the optical
spot Sp with the scanning direction Hc on the light inci-
dent surface of the phosphor panel 20 such as the light
incident surface 41 are respectively called "transverse
scanning" and "longitudinal scanning" accordingly.
[0083] In FIG. 8A and FIG. 8B, each of optical spots
Sp1, Sp3 is illustrated at a position when the front end
thereof is aligned with the front end of the phosphor 43
in the scanning direction Hc. Each of optical spots Sp2,
Sp4 is illustrated at a position when the rear end thereof
is aligned with the rear end of the phosphor 43 in the
scanning direction Hc. In FIG. 8A, Co1 and Co2 indicate
the centers of the optical spots Sp1, Sp2 in the scanning
direction Hc, respectively.

[0084] The total continuous irradiation time T at the
time of transverse scanning of the optical spot Sp is cal-
culated as a time required for the center of the optical
spot Sp to move 380 um as distance between Co1 and
Co2 in the scanning direction Hc. On the other hand, the
total continuous irradiation time T when the minor axis
direction of the optical spot Sp is aligned with the scan-
ning direction Hc is calculated as a time required for the
center of the optical spot Sp moves 30 pm as distance
between the center position of the optical spot Sp3 and
the center position of the optical spot Sp4 in the scanning
direction Hc. As a result, as described with reference to
FIG. 7C, the rotational position of the light emitting unit
45 is set to o + 90 degrees. It can be understood that the
total continuous irradiation time T is reduced at the time
of longitudinal scanning of the optical spot Sp on the light
incident surface 41 to achieve total continuous irradiation
time T < fluorescence lifetime .

[0085] FIG. 8C is an explanatory diagram when the
optical spot Sp is scanned by aligning the minor axis di-
rection of the optical spot Sp on the light incident surface
41 with the scanning direction Hc, i.e., the scanning di-
rection by resonant driving using natural vibration (reso-
nance vibration) based on the discussions on FIG. 8A
and FIG. 8B. On the light deflector 15, the mirror unit 32
reciprocally turns about the first rotation axial line 50 and
the second rotation axial line 51.

[0086] The optical spot Sp reciprocally scans in the
horizontal axis H direction on the light incident surface
41 in conjunction with the reciprocal turning of the mirror
unit 32 about the first rotation axial line 50, and recipro-
cally scans in the vertical axis V direction on the light
incident surface 41 in conjunction with the reciprocal turn-
ing of the mirror unit 32 about the second rotation axial
line 51. The optical spot Sp scans in the scanning direc-
tion Hc as the sum of reciprocal scanning in the horizontal
axis H direction and the vertical axis V direction. Thus,
scanning of the optical spot Sp in the scanning direction
Hc contains a scanning component in the horizontal axis
H direction and a scanning component in the vertical axis
V direction. However, since the reciprocal turning fre-
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quency of the mirror unit 32 about the second rotation
axial line 51 is sufficiently lower than the reciprocal turn-
ing frequency of the mirror unit 32 about the first rotation
axial line 50, the scanning direction Hc is nearly the hor-
izontal axis H direction as the scanning direction by res-
onant driving.

[0087] Thus, when longitudinal scanning is performed
on the optical spot Sp, scanning of total continuous irra-
diation time T < fluorescence lifetime t using the optical
spot Sp is realized in at least a portion of the scanning
area on the light incident surface 41 to enable phosphors
to emit light efficiently. Further, when longitudinal scan-
ning is performed on the optical spot Sp, more phosphors
can be excited in the vertical axis V direction than those
when transverse scanning is performed.

[0088] FIG. 9 is a diagram of a light incident surface
411 as viewed from the side of the rear assembly 3, which
is used in another embodiment to reduce the total con-
tinuous irradiation time T. The light incident surface 411
in FIG. 9 is formed by reducing both end ranges in the
horizontal axis H by about 15 percent, respectively, com-
pared with the light incident surface 41 in FIG. 5A. Note
that the dimensions of the light incident surface 411 are
equal to the dimensions of the light incident surface 41
in the vertical axis V direction. The distance from the or-
igin O to both ends of the light incident surface 411 in the
horizontal axis H direction is reduced to 8.0 mm from 9.5
mm as the distance from the origin O to both ends of the
light incident surface 41 in the horizontal axis H direction.
[0089] However, the first drive voltage of the inner ac-
tuator 36 in the light deflector 15 is controlled by an un-
illustrated mirror control unit inside the vehicle headlight
equipped with the headlight unit 1 to make the reciprocal
turning of the mirror unit 32 about the first rotation axial
line 50 on the light deflector 15 identical to that when the
optical spot Sp is scanned on the light incident surface
41 regardless of using the light incident surface 411 in-
stead of the light incident surface 41. On the other hand,
in a period during which the optical spot Sp is generated
outside of the light incident surface 411 in the horizontal
axis H direction, i.e., in a period during which the optical
spot Sp is generated on parts cut off from the lightincident
surface 41, the laser-light emission device 14 is turned
off by the light source control unit. Thus, the lightincident
surface 411 is such that the optical spot Sp is scanned
at a scanning speed higher than a reference scanning
speed (a scanning speed corresponding to a boundary
L in FIG. 10A to be described later) on the front surface
thereof.

[0090] FIG. 10A and FIG. 10B are charts for describing
the effects when longitudinal scanning and the light inci-
dent surface 411 narrow in width are used. FIG. 10A is
a graph illustrating the effect of reducing the total contin-
uous irradiation time T when longitudinal scanning and
the light incident surface 411 narrow in width are used.
Like the abscissa in FIG. 6C, the abscissa in FIG. 10A
indicates coordinate positions in the horizontal axis H
direction with respect to the origin O (FIG. 9). Since the
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light incident surface 411 is a range included in the light
incident surface 41, the total continuous irradiation time
T of longitudinal scanning of the optical spot Sp on the
light incident surface 411 is indicated as a total continu-
ous irradiation time T in an area of the graph to the left
of the boundary L drawn at a coordinate position of 8.0
mm in the horizontal axis H direction among the total
continuous irradiation times T of longitudinal scanning of
the optical spot Sp on the light incident surface 41.
[0091] In FIG. 10A, the terms "transverse" and "longi-
tudinal" at B1 to B5 (except B3) mean transverse scan-
ning of the optical spot Sp in FIG. 8A and longitudinal
scanning of the optical spot Sp in FIG. 8B, respectively.
16 kHz and 33 kHz mean the frequencies of reciprocal
turning of the mirror unit 32 about the first rotation axial
line 50 on the light deflector 15. Like A3 in FIG. 6C, B3
is the total continuous irradiation time T corresponding
to t of ce (ceramic) in YAG (yttrium, aluminium, garnet).
Note that the characteristic curves B4 and B5 in FIG. 10A
are obtained when the optical spot Sp is scanned on the
light incident surface 41 by transverse scanning, which
match the characteristic curves A1 and A2 in FIG. 6C.
[0092] As described with reference to FIG. 6C, since
the scanning direction is reversed in both end portions
of the horizontal axis H direction in the scanning range
of the optical spot Sp in the horizontal axis H direction,
the scanning speed drops sharply, and this causes an
increase in total continuous irradiation time T.

[0093] Therefore, like the light incident surface 411 in
FIG. 9, the light incident surface is so made that both end
ranges of the light incident surface 41, where the scan-
ning speed of the optical spot Sp in the horizontal axis H
direction is reduced (a range of horizontal-axis H coor-
dinates to the right of the boundary L in FIG. 10A on the
light incident surface 41) are cut off.

[0094] InFIG. 10A, the total continuous irradiation time
T at each coordinate position of the horizontal axis H
direction in each of the characteristic curves B1 to B5
corresponds to the scanning speed of the optical spot
Sp. Itis found from FIG. 10A that the characteristics of
total continuous irradiation time T at longitudinal 16 kHz
(B1) and longitudinal 33 kHz (B2) are such that the total
continuous irradiation time T (corresponding to the scan-
ning speed) in each area range inside the boundary L
(ends of the light incident surface 411 in the horizontal
axis H direction) is less than the fluorescence lifetime t
(60 ns). As a result, it is found that, if the optical spot Sp
is scanned on the light incident surface 411 in the char-
acteristic curves B4 and B5 at a scanning speed higher
than the scanning speed corresponding to the boundary
L, the scanning of the optical spot Sp on the light incident
surface 411 can achieve total continuous irradiation time
T < fluorescence lifetime t as illustrated in FIG. 10B.
[0095] FIG. 11 illustrates optical spot scanning areas
55a to 55c generated on a light incident surface 53 by
two headlight units 1. The light incident surface 53 is as-
sumed to be a light incident surface obtained by synthe-
sizing lightincident surfaces 411 (FIG. 9) in the two head-
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light units 1. On the other hand, a light incident surface
52 is assumed to be a light incident surface obtained by
synthesizing light incident surfaces 41 (FIG. 9) in the two
headlight units 1. As mentioned above, a vehicle
equipped with headlight units 1 includes one headlight
device on each of the right and left sides, and each head-
light device includes two headlight units 1, respectively.
[0096] The optical spot scanning areas 55a to 55c in
FIG. 11 correspond to an optical spot scanning area gen-
erated by the two headlight units 1 on either of the right
and left sides altogether. When the two headlight units 1
on either of the right and left sides are called first and
second headlight units 1, respectively, two irradiation
systems 13 in the firstheadlight unit 1 generate the optical
spot scanning areas 55a and 55b, respectively, and two
irradiation systems 13 in the second headlight unit 1 gen-
erate the optical spot scanning areas 55b and 55c, re-
spectively.

[0097] In FIG. 11, although the optical spot scanning
areas 55a to 55c are illustrated on one light incident sur-
face 53, FIG. 11 illustrates the optical spot scanning ar-
eas 55a to 55c¢ together on the light incident surface 53
by integrating the light incident surface of the first head-
light unit 1 and the light incident surface of the second
headlight unit 1 into one light incident surface 53. The
dimensions of the light incident surface 53 in the horizon-
tal axis H direction and the vertical axis V direction are
the same as those of the light incident surface 411.
[0098] Optical spots Spa to Spc in corresponding irra-
diation systems 13 are scanned in the optical spot scan-
ning areas 55a to 55c, respectively. The optical spot
scanning areas 55a to 55c¢ are so set that the dimensions
thereof in the horizontal axis H direction will be equal to
the dimensions of the light incident surface 53 in the hor-
izontal axis H direction. Further, the dimensions of the
optical spotscanning areas 55ato 55c are setto increase
in the vertical axis V direction in this order. Scanning light
beams corresponding to the optical spot scanning areas
55a to 55c are emitted from the vehicle headlights
equipped with the headlight units 1. These scanning light
beams correspond to the optical spot scanning areas 55a
to 55c to scanirradiation areas overlapped like the optical
spot scanning areas 55a to 55cillustrated in FIG. 11. The
irradiation areas generated ahead of the vehicle head-
lights based on the optical spot scanning areas 55a to
55c correspond to a spot irradiation area (SPOT), an in-
termediate irradiation area (MID), and a widespread ir-
radiation area (WIDE), respectively.

[0099] In order to generate the optical spot scanning
areas 55a to 55c on the light incident surface 53, the
turning frequencies and turning angle ranges of the mirror
unit 32 about the first rotation axial line 50 on the light
deflector 15 of each irradiation system 13 are set equal
to one another regardless of the irradiation system 13.
On the other hand, the turning frequencies of the mirror
unit 32 about the second rotation axial line 51 on the light
deflector 15 of each irradiation system 13 are set equal,
but the turning angle ranges are set to increase in order
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of the optical spot scanning areas 55ato 55c. The turning
angle ranges of the mirror unit 32 about the second ro-
tation axial line 51 on the light deflector 15 in each irra-
diation system 13 are adjusted by the second drive volt-
age (FIG. 5C). As the turning angle range becomes larg-
er, the peak value of the second drive voltage increases.
[0100] In the vehicle headlight, such an illuminance
distribution that the illuminance is high at the center and
decreases toward the periphery in each irradiation area
ahead of the vehicle is desired. In other words, the inten-
sity of the optical spot Sp as excitation light irradiated to
the light incident surface 41 of the phosphor panel 20 is
enhanced when passing through the vicinity of the center
of the phosphor panel 20. Therefore, it is required to keep
high conversion efficiency of the phosphors in the vicinity
ofthe center of the phosphor panel 20in orderto generate
irradiated light with small chromaticity differences. In or-
der to keep the conversion efficiency of the phosphors
partially at a high level, it is only necessary to increase
the speed of the optical spot Sp to pass through an area,
in which the conversion efficiency of the phosphors is
desired to be enhanced on the light incident surface 41,
i.e., to increase the scanning speed.

[0101] On the other hand, the resonant frequency as
the natural resonance frequency of the mirror unit 32
about the first rotation axial line is constant, i.e., the scan-
ning speed needs to be increased when the scanning
width is wide with the same scanning frequency. There-
fore, in the scanning of the optical spot Sp on the light
incident surface 41 in the horizontal axis H direction, i.e.,
scanning using the resonant frequency, the scanning
speed of one optical spot wider in scanning width in the
horizontal axis H direction is increased near horizontal-
axis H coordinate = 0. On the other hand, the optical spot
scanning areas 55a and 55b are narrower in scanning
width than that of the optical spot scanning area 55c¢ in
the vertical axis V direction, but are set to the same scan-
ning width as each other in the horizontal axis H direction.
Thus, the optical spots Spa and Spb are scanned at high
scanning speed equal to that for the optical spot Spc near
horizontal-axis H coordinate = 0 to keep high conversion
efficiency of the phosphors in the vicinity of the center of
the light incident surface 41.

[0102] Inboth end portions of the optical spot scanning
areas 55a and 55b in the horizontal axis H direction, the
laser-light emission devices 14 may be turned off (lights-
out state) to stop the emission of light from the laser-light
emission device 14. This is because the illuminance in
the both end portions is not required to be high compared
with the illuminance at the center. As a variation, if the
intensity of emitted light from the laser-light emission de-
vice 14 is controlled, control to change the positions and
virtual widths of the optical spot scanning areas 55a and
55b in the horizontal axis H direction can be performed.
This control will be described in detail later with reference
to FIG. 12A and FIG 12B.

[0103] Returning to FIG. 11, since the dimensions of
the optical spot scanning areas 55a to 55c are equal in
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the horizontal axis H direction, and the dimensions of the
optical spot scanning areas 55a to 55c in the vertical axis
V direction are increased in this order, the illuminance
decreases in order of the optical spot scanning areas 55a
to 55c¢. Since the optical spot scanning area 55a overlaps
with the optical spot scanning areas 55b and 55c, the
illuminance particularly increases in the range of the op-
tical spot scanning area 55a.

[0104] In the following, the optical spot scanning areas
55a to 55c are collectively called the "optical spot scan-
ning area 55" unless otherwise the optical spot scanning
areas 55a to 55c are particularly distinguished. As de-
scribed in connection with the light incident surface 411,
the optical spot Sp of each optical spot scanning area 55
is scanned longitudinally even on the light incident sur-
face 53. Further, it is preferred that both ends of the light
incident surface 53 in the horizontal axis H direction
should be located inside the scanning range (i.e., on the
side of the origin O from the boundary L in FIG. 10A and
FIG. 10B (the left boundary L is omitted in FIG. 10A) in
the horizontal axis H direction), where the total continu-
ous irradiation time T corresponding to the scanning
speed of each optical spot Sp in the scanning direction
Hc becomes total continuous irradiation time T < fluores-
cence lifetime 1. This can prevent the waste of excitation
light energy of the optical spot Sp to the phosphor 43
inside the phosphor panel 20.

[0105] FIG. 12A and FIG. 12B are explanatory dia-
grams of the control to change the virtual positions and
virtual widths of the optical spot scanning areas 55a and
55b in the horizontal axis H direction by adding intensity
control of laser light (emitted light) emitted from the laser-
light emission device 14 to the optical spot scanning ar-
eas 55a to 55c in FIG. 11. The optical spot scanning
areas 55a to 55c in FIG. 11 are indicated by SPOT, MID,
and WIDE in FIG. 12A and FIG. 12B, respectively. The
optical spot scanning areas 55aand 55b (SPOT and MID)
have the same width as the optical spot scanning area
55c (WIDE) in the horizontal axis H direction in FIG. 11,
while MID is more reduced than WIDE and SPOT is fur-
ther more reduced than MID in terms of the widths in the
horizontal axis H direction in FIG. 12A and FIG. 12B.
[0106] In FIG. 12A and FIG. 12B, the boundary be-
tween SPOT and MID is indicated by a solid-line rectan-
gular frame. In FIG. 11, the boundary between both ends
of the optical spot scanning area 55a (SPOT) and the
optical spot scanning area 55b (MID) in the horizontal
axis H direction matches with the boundary of the optical
spot scanning area 55¢ (WIDE). On the other hand, in
FIG. 12A and FIG. 12B, when the optical spots Spa and
Spb (FIG. 11) scan outside of the frames in FIG. 12A and
FIG. 12B in the horizontal axis H direction, corresponding
laser-light emission devices 14 are turned off (lights-out
state) not to irradiate scanning light to corresponding ir-
radiation areas. During the period when the optical spots
Spa and Spb scan outside of the frames in FIG. 12A and
FIG. 12B in the horizontal axis H direction, the intensity
of emitted light from the laser-light emission devices 14
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can also be made weaker than that during the period of
scanning inside of the frames while keeping the corre-
sponding laser-light emission devices 14 turned on (light-
ing state) without being turned off (lights-out state). To
the contrary, the intensity of emitted light from the laser-
light emission devices 14 can be made stronger during
the period of scanning inside of the frames in FIG. 12A
and FIG. 12B in the horizontal axis H direction during the
period of scanning outside of the frames to generate vir-
tual SPOT and MID.

[0107] InFIG. 12A and FIG. 12B, entities in the irradi-
ation areas by the headlight units 1 are also illustrated
to make the displacement of SPOT understandable,
where 78 indicates a preceding vehicle ahead of an own
vehicle equipped with the headlight units 1 on a vehicle
lane 82 of a curved road 81 on which the own vehicle is
running.

[0108] SPOT in FIG. 12A is illustrated in a standard
position the center of which exists on the center line of
the own vehicle in the horizontal direction. When the own
vehicle is running on a straightroad, SPOT is in the stand-
ard position.

[0109] The center of SPOT in FIG. 12B is displaced by
a predetermined amount Ko on the inner side of the
curved road 81 from the center line in the horizontal di-
rection of the own vehicle. The own vehicle is equipped
with a camera, a steering control-angle sensor, and the
like. The relative position of the preceding vehicle 78 to
the own vehicle is detected by performing known analyt-
ical processing on images captured with the camera. Fur-
ther, the fact that the own vehicle is running on the curved
road 81 can be detected from a detection signal and the
like from the steering control-angle sensor that detects
the steering control angle of the steering wheel operated
by a driver of the own vehicle.

[0110] Thus, during the period when the own vehicle
is running on the curved road 81, the center of SPOT is
displaced, by an amount of displacement corresponding
to the curvature of the curved road 81, from the center
in the horizontal direction of the own vehicle to the inner
side (turning side) of the curved road 81 in the horizontal
axis H direction. As a result, as illustrated in FIG. 12B,
the driver can have visual contact with the preceding ve-
hicle 78 clearly even on the curved road 81 while keeping
the preceding vehicle 78 inside SPOT.

[0111] InFIG. 12A and FIG. 12B, displacement control
based on the situation related to vehicle driving is not
performed on MID, and the relative position of MID to the
center line in the horizontal direction of the own vehicle
is fixed like in the case of WIDE.

[0112] FIG. 13is a structural diagram of another head-
light unit. A different point of the headlight unit from the
headlight unit 1 is that the headlight unit has spot diam-
eter-changinglenses 62a, 62b as diameter-reducing lens
elements added to the headlight unit 1 on the optical
paths 22a, 22b, respectively. In the following, the spot
diameter-changing lenses 62a, 62b are collectively
called the "spot diameter-changing lens 62" unless oth-
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erwise the spot diameter-changing lenses 62a, 62b are
particularly distinguished.

[0113] FIG. 14 illustrates optical spot scanning areas
65a to 65¢ generated on the light incident surface 53 by
two headlight units inside the same vehicle headlight.
Like the light incident surface 53 in FIG. 11, the light in-
cident surface 53 means that two light incident surfaces
411 (FIG. 9) are synthesized.

[0114] The optical spot scanning areas 65a to 65c in
FIG. 14 correspond to an optical spot scanning area gen-
erated by the two headlight units on either of the right
and left sides altogether. When the two headlight units
on either of the right and left sides are called first and
second headlight units, respectively, two irradiation sys-
tems 13 in the first headlight unit generate the optical
spot scanning areas 65a and 65b, and two irradiation
systems 13 in the second headlight unit generate the
optical spot scanning areas 65b and 65c, respectively.
[0115] In FIG. 14, although the optical spot scanning
areas 65a to 65c are illustrated on one light incident sur-
face 53, FIG. 14 illustrates the optical spot scanning ar-
eas 65a to 65c¢ together on the light incident surface 53
by integrating the light incident surface 41 (FIG. 5A) of
the first headlight unit and the light incident surface 41
(FIG. 5A) of the second headlight unit into one light inci-
dent surface 53. The dimensions of the light incident sur-
face 53 in the horizontal axis H direction and the vertical
axis V direction are the same as those of the lightincident
surface 411 (FIG. 9). Like in FIG. 11, a light incident sur-
face 52 obtained by integrating the lightincident surfaces
41 in FIG. 9 is illustrated as reference.

[0116] Optical spots Spa to Spc in corresponding irra-
diation systems 13 are scanned in the optical spot scan-
ning areas 65a to 65c. Further, the dimensions of the
optical spot scanning areas 65a to 65c¢ are increased in
the horizontal axis H direction and the vertical axis V di-
rection in this order. The optical spots Spa to Spc are all
longitudinal optical spots. The dimensions of the largest
optical spot scanning area 65c in the horizontal axis H
direction and the vertical axis V direction is set equal to
the dimensions of the light incident surface 53 in the hor-
izontal axis H direction and the vertical axis V direction.
[0117] In order to generate the optical spot scanning
areas 65a to 65c on the light incident surface 53, the
turning frequencies of the mirror unit 32 about the first
rotation axial line 50 on the light deflector 15 of each
irradiation system 13 are set equal to one another re-
gardless of the irradiation system 13. On the other hand,
the turning angle ranges are increased in order of the
optical spot scanning areas 65a to 65c. Further, the turn-
ing frequencies of the mirror unit 32 about the second
rotation axial line 51 on the light deflector 15 of each
irradiation system 13 are set to be equal to one another
regardless of the irradiation system 13, but the turning
angle ranges are set to increase in order of the optical
spot scanning areas 65a to 65c. The turning angle ranges
of the mirror unit 32 about the first rotation axial line 50
and the second rotation axial line 51 on the light deflector
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15 of each irradiation system 13 are adjusted by the first
drive voltage (FIG. 5B) and the second drive voltage (FIG.
5C). As the turning angle range becomes larger, the
peak-to-peak value of the first and second drive voltages
increases.

[0118] Scanning light beams corresponding to the op-
tical spot scanning areas 65a to 65c¢ are emitted from the
vehicle headlights equipped with the headlight units.
these scanning light beams correspond to the optical spot
scanning areas 65a to 65c to scan irradiation areas over-
lapped like the optical spot scanning areas 65a to 65c
illustrated in FIG. 14. The irradiation areas generated
ahead of the vehicle headlights based on the optical spot
scanning areas 65a to 65¢ correspond a spot irradiation
area, an intermediate irradiation area, and a widespread
irradiation area, respectively.

[0119] InFIG. 14, the optical spots Spa to Spc are op-
tical spots Sp to scan the optical spot scanning areas
65ato 65c, respectively. In the following, the optical spots
Spa to Spc are collectively called the "optical spot Sp"
unless otherwise the optical spots Spa to Spc are partic-
ularly distinguished. Further, the optical spot scanning
areas 65a to 65c are collectively called the "optical spot
scanning area 65" unless otherwise the optical spot scan-
ning areas 65a to 65c¢ are particularly distinguished.
[0120] The spot diameter-changing lens 62 (FIG. 13)
adjusts the amount of light from an aperture of the laser-
lightemission device 14 so that the optical spot Sp having
a size (diameter) set in the irradiation system with the
spot diameter-changing lens 62 provided therein will be
formed in a corresponding optical spot scanning area 65
(in FIG. 14, as the optical spot scanning area 65 is larger,
a larger optical spot Sp is formed).

[0121] As the optical spot Sp has a smaller diameter,
the total continuous irradiation time T decreases. There-
fore, the optical spot Sp can be made smaller for the
smaller optical spot scanning area 65 to keep the con-
version efficiency of the phosphors without increasing
the scanning speed so much even when the optical spot
scanning area has a shortlengthin the scanning direction
Hc. Thus, the size of each of the optical spots Spa to Spc
is increased in this order according to the size of each of
the optical spot scanning areas 65a to 65c.

[0122] A relationship between the dimensions of the
optical spot scanning areas 65a, 65b and the scanning
speeds of the optical spots Spa, Spb in the horizontal
axis H direction will be described. Since the relationship
between the dimensions of the optical spot scanning area
65a in the horizontal axis H direction and the scanning
speed of the optical spot Spa is the same as the relation-
ship between the dimensions of the optical spot scanning
area 65b in the horizontal axis H direction and the scan-
ning speed of the optical spot Spb, only the former rela-
tionship will be described.

[0123] Like the optical spot Sp in the case of the light
incident surface 411, itis preferred that both ends of the
optical spot scanning area 65a in the horizontal axis H
direction should be included in a scanning range of the
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optical spot Spa for the optical spot scanning area 65a,
where the total continuous irradiation time T correspond-
ing to the scanning speed in the scanning direction Hc
becomes total continuous irradiation time T < fluores-
cence lifetime 1. In regard to the optical spot Spa, the
waste of excitation light energy of the optical spot Sp to
the phosphor 43 inside the phosphor panel 20 can be
prevented. The same applies to the relationship between
the optical spot scanning area 65b and the optical spot
Spb, and the relationship between the optical spot scan-
ning area 65c and the optical spot Spc.

[0124] While the presentinvention has been described
in connection with the embodiments, the present inven-
tionis not limited to the illustrated embodiments, and var-
ious modification forms are included within the gist of the
present invention.

[0125] In the embodiments, the headlight unit 1 is de-
scribed as an example of the optical scanning device.
However, the optical scanning device of the present in-
vention is not limited to the headlight unit 1, and can also
be applied to an illuminating device that illuminates the
exterior or the interior, a projector that generates an im-
age in an area such as an image projection screen, and
the like.

[0126] As a light source device having a light emitting
unit, a blur laser-light emission device 14 having the light
emitting unit 45 is included in the embodiments. Any light
source device other than the blur laser-light emission de-
vice 14, such as any color laser-light emission device
other than blur laser, an RGB laser, or an LED (Light
Emitting Diode) can be adopted as the light source device
of the present invention.

[0127] Inthe embodiments, projectorlenses 19ato 19d
that irradiate light to irradiation areas are provided as
projector units that adjust light emitted from the light emit-
ting surface of the phosphor panel to project the light to
the irradiation areas. The projector units of the present
invention may be collimator lenses. The number and ar-
rangement of projector lenses as the projector units can
also be changed depending on the situation.

[0128] In the embodiments, the optical spot Sp as an
excitation light spot that is the excitation source of phos-
phors has a line-symmetric shape. However, the excita-
tion light spot of the present invention may not have the
line-symmetric shape as long as the excitation light spot
has the major axis direction and the minor axis direction.
[0129] Inthe embodiments, the light source control unit
that controls the ON and OFF of the light source device
is provided in the headlight unit 1, 61. However, the light
source control unit of the present invention may be an
external light source control unit provided outside the
headlight unit 1, 61 and connected by wiring to the laser-
light emission device 14 of the headlight unit 1, 61.
[0130] In the embodiments, the scanning speed cor-
responding to the boundary L in FIG. 10A is described
as the reference scanning speed at which the total con-
tinuous irradiation time as the time of continuously irra-
diating all the phosphors having an average particle di-
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ameter becomes equal to the fluorescence lifetime of the
phosphors. The scanning speed corresponding to the
boundary L in FIG. 10A is not fixed and is changed di-
versely depending on the types of phosphors, the placing
position of the laser-light emission device 14, the type of
emitted light, and the like under the environment in which
the optical scanning device is provided.

[0131] Inthe embodiments, the scanning direction Hc
as the direction along the scanning direction of the optical
spot Sp approximately matches the horizontal axis H di-
rection. The present invention includes a case where the
scanning direction Hc is a direction with a predetermined
inclined angle with respect to the horizontal axis H, and
a case where the scanning direction Hc is the vertical
axis V direction.

[0132] In the embodiments, the spot diameter-chang-
inglens 62 (FIG. 13)is provided as the diameter-reducing
lens element thatreduces the diameter of each excitation
light spot. However, the diameter-reducing lens element
of the present invention can be mounted on the laser-
light emission device 14, rather than provided in the mid-
dle of the optical path 22.

[0133] Inthe embodiments, the headlight unit 1, 61 in-
cludes the irradiation systems 13a, 13b as the first and
second irradiation systems. However, the optical scan-
ning device of the presentinvention can also include only
one irradiation system, or three or more irradiation sys-
tems.

[0134] In the embodiments, the light incident surface
41 of the phosphor panel 20, and the like are formed in
a rectangular shape. However, the light incident surface
of the phosphor panel of the present invention can also
be applied to any shape other than the rectangle (such
as the parallelogram, the square, and a diamond shape).
[0135] Inthe embodiments, the inner actuator 36 and
the outer actuator 37 of the light deflector 15 as actuators,
and the light source control unit that controls the ON and
OFF of the laser-light emission device 14 are described
to be separate entities. However, a control unit of the
present invention may serve as both the mirror control
unit of the light deflector and the light source control unit.
[0136] In the embodiments, the inner actuator 36 and
the outer actuator 37 for the light deflector 15 are both
piezoelectric actuators that deform piezoelectric mem-
branes under the control of applied voltage to the piezo-
electric membrane to relatively displace both ends of the
cantilever bodies in the long-side direction on which the
piezoelectric membranes are fixed in order to displace a
target to be acted upon by this relative displacement. The
actuators of the present invention may be of any drive
type other than the piezoelectric type as long as the ac-
tuators can reciprocally turn the mirror unit about the first
and second rotation axial lines orthogonal to each other.
For example, electromagnetic or electrostatic actuators
can be adopted.
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1. An optical scanning device comprising:

a light source device having a light emitting unit
to emit light from the light emitting unit;

a phosphor panel having a light transmission
part that houses phosphors between a light in-
cident surface and a light emitting surface;

a projector unit configured to adjust light emitted
from the light emitting surface of the phosphor
panel and project the light to an irradiation area;
a light deflector having a mirror unit capable of
turning reciprocally about first and second rota-
tion axial lines orthogonal to each other, and ac-
tuators to turn the mirror unit reciprocally about
the first and second rotation axial lines, the light
deflector configured to reflect, by the mirror unit,
incident light from the light emitting unit of the
light source device, and cause the reflected light
to scan on the light incident surface of the phos-
phor panel in first and second scanning direc-
tions corresponding to reciprocal turning direc-
tions of the mirror unit about the first and second
rotation axial lines; and

a drive voltage generating unit configured to
generate drive voltages of the actuators so that
reciprocal turning of the mirror unit about the first
rotation axial line will be done at a resonant fre-
quency as natural vibration of the mirror unit,
and reciprocal turning of the mirror unit about
the second rotation axial line is done at a non-
resonant frequency different from the resonant
frequency,

wherein longer and shorter ones of two radial
directions of an excitation light spot are defined
as a major axis direction and a minor axis direc-
tion, respectively, where the two radial direc-
tions are perpendicular to each other, and the
excitation light spot is generated on the light in-
cident surface of the phosphor panel by the re-
flected light from the light deflector to excite the
phosphors in the light transmission part, and a
rotational position of the light emitting unit of the
light source device about an optical axis of the
emitted light from the light emitting unit is so set
that the minor axis direction of the excitation light
spot will be a direction along the first scanning
direction of the excitation light spot on the light
incident surface.

2. The optical scanning device according to claim 1,
further comprising:

firstand second irradiation systems each having
the light source device and the light deflector
separately and both sharing the phosphor panel
and the projector unit, where the firstand second
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irradiation systems are so set that a first scan-
ning area of first and second scanning areas re-
spectively generated on the light incident sur-
face as scanning areas of excitation light spots
will be on an inner side of the second scanning
area; and

diameter-reducing lens elements to make a di-
ameter of the excitation light spot of the first ir-
radiation system smaller than that of the excita-
tion light spot of the second irradiation system.

3. An optical scanning device comprising:

a light source device;

a phosphor panel having a light transmission
part that houses phosphors between a light in-
cident surface and a light emitting surface;

a projector unit configured to adjust light emitted
from the light emitting surface of the phosphor
panel and project the light to an irradiation area;
a light deflector having a mirror unit capable of
turning reciprocally about a rotation axial line,
and actuators to turn the mirror unit reciprocally
about the rotation axial line, the light deflector
configured to reflect, by the mirror unit, incident
light from the light source device, and cause the
reflected light to scan on the light incident sur-
face of the phosphor panel; and

a light source control unit configured to control
ON and OFF of the light source device,
wherein, in the case where an excitation light
spot generated on the light incident surface by
the reflected light from the light deflector and
used as an excitation source of the phosphors
inthe light transmission part scans in a scanning
direction, a placing position and dimensions of
the excitation light spot are so setthat a scanning
speed of the excitation light spot over the entire
light incident surface will be higher than a refer-
ence scanning speed atwhich a total continuous
irradiation time as a time of continuously irradi-
ating all phosphors having an average particle
diameter becomes equal to a fluorescence life-
time of the phosphors.

4. The optical scanning device according to claim 3,
wherein longer and shorter ones of two radial direc-
tions of the excitation light spot on the light incident
surface are defined as a major axis direction and a
minor axis direction, respectively, where the two ra-
dial directions are perpendicular to each other, and
a rotational position of a light emitting unit of the light
source device about an optical axis of the emitted
lightfrom the light emitting unitis so setthat the minor
axis direction of the excitation light spot will be a di-
rection along a scanning direction of the excitation
light spot on the light incident surface.
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5. The optical scanning device according to claim 3 or
4, further comprising
adiameter-reducing lens elementarranged between
the light source device and the light deflector to re-
duce a diameter of the excitation light spot to make
the total continuous irradiation time shorter than the
fluorescence lifetime.

6. The optical scanning device according to any one of
claims 3 to 5, further comprising:

firstand second irradiation systems each having
the light source device and the light deflector
separately and both sharing the phosphor panel
and the projector unit, where the firstand second
irradiation systems are so set that a first scan-
ning area of first and second scanning areas re-
spectively generated on the light incident sur-
face as scanning areas of excitation light spots
will be on an inner side of the second scanning
area; and

diameter-reducing lens elements configured to
make a diameter of the excitation light spot of
the first irradiation system smaller than that of
the excitation light spot of the second irradiation
system.

7. The optical scanning device according to any one of
claims 3 to 5, further comprising:

firstand second irradiation systems each having
the light source device and the light deflector
separately and both sharing the phosphor panel
and the projector unit, where the firstand second
irradiation systems are so set that each of first
and second scanning areas respectively gener-
ated on the light incident surface as scanning
areas of optical spots will be formed into a rec-
tangle to make a side scanned by the excitation
light spot at a high speed longer than a side
scanned at a low speed; and

mirror control units each configured to control a
mirror unit of the light deflector through the ac-
tuators of the light deflector of each of the first
and the second irradiation systems so that long
sides of the first and the second scanning areas
will be equal to each other, and a short side of
the first scanning area will be shorter than that
of the second scanning area.

8. An optical scanning device comprising:

a light source device;

a phosphor panel having a light transmission
part that houses phosphors between a light in-
cident surface and a light emitting surface;

a projector unit configured to adjust light emitted
from the light emitting surface of the phosphor

10

15

20

25

30

35

40

45

50

55

18

34

panel and project the light to an irradiation area;
a light deflector having a mirror unit capable of
turning reciprocally about a rotation axial line,
and actuators to turn the mirror unit reciprocally
about the rotation axial line, the light deflector
configured to reflect, by the mirror unit, incident
light from the light source device, and cause the
reflected light to scan on the light incident sur-
face of the phosphor panel; and

a light source control unit configured to control
ON and OFF of the light source device,
wherein the optical scanning device further com-
prises:

first and second irradiation systems each
having the light source device and the light
deflector separately and both sharing the
phosphor panel and the projector unit,
where the first and second irradiation sys-
tems are so set that each of first and second
scanning areas respectively generated on
the light incident surface as scanning areas
of excitation light spot will be formed into a
rectangle to make a side scanned by the
excitation light spot at a high speed longer
than a side scanned at a low speed; and
mirror control units each configured to con-
trol a mirror unit of the light deflector through
the actuators of the light deflector of each
of the first and the second irradiation sys-
tems so that long sides of the first and the
second scanning areas will be equal to each
other, and a short side of the first scanning
area will be shorter than that of the second
scanning area.
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