
OPTICAL SCAN UNIT, IMAGE PROJECTOR INCLUDING THE SAME, VEHICLE HEAD-UP
DISPLAY DEVICE, AND MOBILE PHONE Technical Field [0001] The present
invention relates to an optical scan unit and an image projector including
the same. In particular, it relates to an image projector which creates
two-dimensional images on a projection plane by two-dimensionally scanning
with a light beam by use of an optical deflector and which is suitable to
be mounted in a small-size electronic device such as a mobile phone or a
vehicle head-up display. Background Art [0002] Heretofore, an image
projector has been widespread, which comprises an illumination system
including a light source, a spatial light modulator modulating intensity of
light from the illumination system, and a projection lens imaging the light
modulated with the spatial light modulator. There has been an increasing
demand for downsizing of the image projector. [0003] Also, as a light
source, an LED and an LD (laser diode) have been popular, and a small-size
electronic device such as a mobile phone incorporating an image projector
has been developed. [0004] Another kind of image projector using an optical
scan unit has been proposed. In this optical scan unit, an optical
deflector two-dimensionally deflects a light beam from a light source to
two-dimensionally scan a projection 



plane with spots and form a two-dimensional image using afterimage
effects.Such an optical scan unit adopts a polygon mirror, a galvano
mirror, MEMS devices manufactured by MEMS (Micro Electro Mechanical System)
technology, or the like for an optical deflector deflecting a light beam
from the light source. [0005] Such an optical scan unit has a problem that
projected images may have various kinds of deformations due to the
two-dimensional scanning. In view of solving this problem, various attempts
have been made. [0006] One example is an optical scan system as an
f-arcsine q lens in a rotationally asymmetric shape to achieve constant
speed scanning and correct image deformation, as disclosed in Japanese
Unexamined Patent Application Publication No. 2006- 178346 (Reference 1)
for example. [0007] Another example is an optical scan system having a
rotationally asymmetric reflective face to correct trapezoidal deformations
or TV distortions, as disclosed in Japanese Unexamined Patent Application
Publication No. 2005-234 157 (Reference 2) for example. [0008] Still
another example is an optical correction system as a columnar lens with a
concave face which corrects unevenness in brightness of an image caused by
scan angles, as disclosed in International Patent Application Publication
No. WO 2005/083493 (Reference 3) for example. [0009] There is an increasing
demand for an image projector mounted in a 



small-size electronic device as a mobile phone to perform a close range
projection in which larger two-dimensional images are formed in a very
close range from the device to a projection plane. The close range
projection includes not onlyvertical projection (onto a plane orthogonal to
a traveling direction of a scanning light beam) in a close range but also
projecting a two-dimensional image 62 on a plane 61 on which a mobile phone
60 is placed, as shown in FIG. 29, for example. The mobile phone 60
incorporates an image projector as an ultracompact projection engine. The
image projector is required to be able to project good two-dimensional
images on the plane 6 1 and to be an optical system with relatively simple
structure unlike ones in the prior art with a complex structure in view of
miniaturization. [001 0] However, there is a limitation to the deflection
angle q of the optical deflector included in a MEMS device or the like. For
example, at the maximum deflection angle q of the optical deflector being 8
degrees, a scan angle of a light beam will be  16 degrees so that
obtainable images are limited to ones with total angle of field of 32
degrees. To form an A4 size projected image using the optical deflector,
the small-size electronic device will need a long distance over 50 cm. [001
1] Therefore, it is necessary to deflect a light beam at an increased angle
with the optical deflector in order to achieve the close range projection
in the optical scan unit which two-dimensionally scans. [0012] However, the
optical scan systems disclosed in References 1 and 2 are so 



complex and large structures that they are not suitable for small-size
electronic devices as a mobile phone. They are not suitable for achieving
size reduction and close range image projection at the same time. [0013]
Further, the optical scan system disclosed in Reference 3 corrects
adeflection angle of light to make spot scan speed constant on an image
plane (projection plane) for the purpose of achieving uniform brightness
distribution. However, it fails to disclose or teach a compact scan system
which is able to project a large image on a plane in a very close range.
Disclosure of the Invention [0014] An object of the present invention is to
provide an optical scan unit which realizes a large scan angle using an
optical deflector with a small deflection angle, an image projector which
can project large two-dimensional images in a very close range, and a
vehicle head-up display and a mobile phone incorporating the image
projector. [001 5] According to one aspect of the present invention, an
optical scan unit comprises a light source; a divergent light conversion
element having such positive power as to convert divergent light from the
light source into convergent light to form a spot on a projection plane; an
optical deflector deflecting light from the divergent light conversion
element to a first scan direction and a second scan direction which is
orthogonal to the first scan direction; and a deflection angle conversion
element having such negative power as to convert a deflection angle of the
light deflected by the optical deflector. The positive power refers to 



such lens power as to convert parallel light into convergent light while
the negative power refers to such lens power as to convert parallel light
into divergent light. [0016] In one features of the above aspect, the
deflection angle conversion element is made of a single lens.[0017] In the
other features of the above aspect, the deflection angle conversion element
is made of a plurality of lenses formed of different glass materials. [001
8] In the other features of the above aspect, the optical deflector is
comprised of a first deflector portion which deflects light from the
divergent light conversion element in the first scan direction, and a
second deflector portion which deflects light from the divergent light
conversion element in the second scan direction; and the first and second
deflectors are integrally formed. [001 9] In the other features of the
above aspect, the optical deflector includes a mirror portion which is
rotatable by the first and second deflector portions, and an incidence
angle between a normal direction of the mirror portion and a traveling
direction of light emitted from the light source and transmitting through
the divergent light conversion element is set to be 45 degrees or less in
the first and second scan directions. [0020] In the other features of the
above aspect, the optical scan unit further comprises a beam splitter
between the optical deflector and the deflection angle 



conversion element to make a traveling direction of light emitted from the
light source and transmitting through the divergent light conversion
element coincide with a normal direction of the mirror portion in a
reference position in the first and second scan directions and the optical
deflector includes a mirror portion which is rotatable by the first and
second deflector portions. [002 1] In the other features of the above
aspect, the optical deflector is comprised of an optical vibration element
which reciprocatively moves around a supportshaft in the first and second
scan directions. Further, where a referential optical axis is a traveling
direction of light deflected by the optical vibration element when the
optical vibration element is in a reference position, a deflection angle q
is an angle of traveling light deflected by the optical deflector relative
to the referential optical axis, and a scan angle a is an angle of
traveling light converted by the deflection angle conversion element
relative to the referential optical axis, the deflection angle conversion
element converts a deflection angle of incident light having passed on a
referential optical axis so as to satisfy q = a, and converts a deflection
angle of incident light not having passed on the referential optical axis
so as to satisfy q < a. [0022] In the other features of the above aspect,
the divergent light conversion element and the deflection angle conversion
element are rotationally symmetric lenses. [0023] In the other features of
the above aspect, the deflection angle conversion element is a rotationally
asymmetric lens. 



[0024] In the other features of the above aspect, at least one face of the
deflection angle conversion element is formed in aspherical shape. [0025]
In the other features of the above aspect, an optical axis direction from
the optical deflector to the deflection angle conversion element is
inclined relative to a projection plane which is two-dimensionally scanned
with light deflected in the first and second scan directions by the optical
deflector and emitted via the deflection angle conversion element.
[0026]According to another aspect of the present invention, an image
projector comprises the above-identified optical scan unit and a control
unit controlling the optical scan unit, wherein the control unit comprises
a light source control circuit which controls light emission of the light
source, a deflection angle control circuit which controls a deflection
angle of the optical deflector, and an image processing circuit which
appropriately corrects acquired image data and outputs corrected image data
to the deflection angle control circuit and the light source control
circuit. [0027] According to still another aspect of the present invention,
a vehicle head-up display device comprises the above-identified image
projector. [0028] According to still another aspect of the present
invention, a mobile phone comprises the above-identified image projector.
Brief Description of the Drawings 



[0029] FIG. 1 schematically shows the structure of an image projector
according to a first embodiment of the present invention. FIG. 2
schematically shows the structure of an optical deflector. FIG. 3A shows a
convergent light along a referential optical axis Lb and FIG. 3B shows a
convergent light with an inclination angle (deflection angle q) relative to
the referential optical axis Lb when the convergent light transmits through
the deflection angle conversion element. FIGS.4A to 4C are graphs showing
measured values with and without the deflection angle conversion element,
FIG. 4A shows a change in scan angle (deflection angle), FIG. 4B shows a
change in scan speed, and FIG. 4C shows achange in the scan speed obtained
from FIG. 4B by normalized maximal values. FIG. 5A is a graph showing a sag
amount and a change in the sag amount on an incidence face relative to a
radius from the optical axis of the deflection angle conversion element,
and FIG. 5B is a graph showing the same on an exit face. FIG. 6
schematically shows the image projector with a different reflective member
from the one in FIG. 1. FIG. 7 schematically shows the image projector with
a different reflective member from the ones in FIGS. 1 and 6. FIG. 8
schematically shows an image projector according to a second embodiment.
FIG. 9 schematically shows an image projector according to a third
embodiment. FIG. 10 shows degradation in a color image on a projection
plane and a correction therefor. 



FIG. 11 schematically shows a vehicle head-up display device according to a
fourth embodiment. FIG. 12 shows a relation between a beam size on a mirror
portion and a divergent light conversion element. FIG. 13 shows optical
paths obtained in a simulation by use of an optimally designed optical
system (optical scan unit). FIG. 14 schematically shows the structure of an
optical scan unit of a modification of the image projector according to the
first embodiment. FIGS. 15A to 15F show spots on a screen formed by the
modification of the image projector at incidence angles f 0, 15, 30, 45,
60, 75 degrees, respectively. FIG. 16 shows how the spots in FIGS. 15A to
15F are formed. FIG. 17 schematically shows the structure of an optical
scan unit of a modification of the image projector according to the second
embodiment.FIG. 18 is a cross sectional view of a first divergent light
conversion element of the modification of the image projector (optical scan
unit) according to the second embodiment. FIG. 19 is a cross sectional view
of a second divergent light convers ion element of the modification of the
image projector (optical scan unit) a ccording to the second embodiment.
FIG. 20 is a cross sectional view of an optical path combiner unit of the
modification of the image projector (optical scan unit) according to the
second embodiment. FIG. 2 1 is a cross sectional view of a focus lens of
the modification of the image projector (optical scan unit) according to
the second embodiment. FIG. 22 is a cross sectional view of a deflection
angle conversion element 



of the modification of the image projector (optical scan unit) according to
the second embodiment. FIG. 23 schematically shows the structure of an
image projector according to a fifth embodiment. FIG. 24 schematically
shows another optical scan unit for comparison with that of the image
projector according to the fifth embodiment. FIGS. 25A, 25B show spot
diagrams on an image plane when the optical deflector is rotated by 5
degrees around an X-axis by the optical scan unit according to the fifth
embodiment and by the one in FIG. 24, respectively. FIG. 26 schematically
shows the structure of an optical scan unit of a modification of the image
projector according to the fifth embodiment. FIG. 27A is a spot diagram on
an image plane when an optical deflector is in a reference position
(stationary position) rotated by 0 degree (amplitude = 0), and FIG. 27B is
the same when the optical deflector is rotated by 15 degrees (amplitude =
15 degrees) in the modification of the optical scan unit according tothe
fifth embodiment. FIG. 28A is a side view of a mobile phone on a plane
according to a sixth embodiment and FIG. 28B show the mobile phone in FIG.
28A seen from the arrow A. FIG. 29 shows an example of a mobile phone
incorporating an image projector. Best Mode for Carrying Out the Invention
[0030] Hereinafter, embodiments of the present invention will be described
in detail with reference to the accompanying drawings. 



[First Embodiment] [003 1] FIG. 1 schematically shows an image projector 1
according to the first embodiment and FIG. 2 schematically shows the
structure of an optical deflector 13 . In FIG. 1 an angle between a
principal ray deflected by the optical deflector 13 and a referential
optical axis Lb is defined as deflection angle q while an angle between a
principal ray having transmitted through a deflection angle conversion
element 14 and the referential optical axis Lb is defined as scan angle a.
The referential optical axis refers to a traveling direction of a principal
ray deflected (reflected) by the optical deflector 13 when the optical
deflector 13 is in the reference position (stationary position: q = a = 0)
as described later. [0032] In the first embodiment, the image projector 1
comprises an optical scan unit 10 and a control unit 20. The optical scan
unit 10 mainly comprises a light source 11, a divergent light conversion
element (coupling lens) 12, an optical deflector 13 (optical vibration
element), and a deflection angle conversion element14 which constitute an
optical projection system to project images on a Screen Sc. [0033] The
light source 11 is a monochrome light source as a semiconductor laser
emitting a red light beam with a center wavelength of 638 nm in the present
embodiment. The light source 11 and optical deflector 13 are controlled to
emit by the control unit 20 described later. [0034] The divergent light
conversion element 12 is configured to have positive power to convert
divergent light (hereinafter, light beam P) emitted from the light 



source 11 into convergent light. That is, the divergent light conversion
element 12 converts a divergent angle of the light beam P from the light
source 11 to a convergent angle so as to form spots S in a predetermined
size on the screen Sc. [0035] The optical deflector 13 deflects, for
scanning, the light beam P as a convergent light from the divergent light
conversion element 12 in first and second scan directions which are
two-dimensionally orthogonal to each other. The first and second scan
directions are included in a projection plane (screen Sc) and in FIG. 1
they are a direction orthogonal to the drawing (see the arrow x) and a
vertical direction (see the arrow y) seen from the front. [0036] In FIG. 2
the optical deflector 13 mainly comprises a rectangular outer frame 13a
(first deflector portion), a rectangular inner frame 13b (first deflector
portion) placed inside the outer frame 13a, and a movable rectangular
mirror portion 13c placed inside the inner frame 13b. The mirror portion
13c includes a mirror face reflecting a light beam and is rotatably
supported by the inner frame 13b via a pair of support shafts 13d. The
inner frame 13b is rotatably supported by the outer frame 13a via a pair of
support shafts 13e which extend orthogonallyrelative to the support shafts
13d. Thus, the mirror portion 13c is rotated in a horizontal direction
around the pair of support shafts 13d while the inner frame 13b is rotated
in a vertical direction around the pair of support shafts 13e, for example.
One of the rotary directions is the first scan direction and the other is
the second scan direction. [0037] Such an optical deflector 13 can be
comprised of a known MEMS mirror 



made of silicon crystals. For example, in this MEMS mirror, the mirror
portion 13c and inner frame 13b are formed above the bottom of a silicon
crystal substrate by etching. [0038] In the MEMS mirror, not-shown two
electrodes are formed on a bottom substrate of the mirror portion
corresponding to right and left portions of the mirror portion 13c. By
applying a voltage between the electrode of the mirror portion 13c and the
two electrodes on the bottom substrate, electrostatic forces act on the
pair of support shafts 13d and incline the mirror portion 13c. [0039] Also,
in the MEMS mirror, not-shown two electrodes are formed on a bottom
substrate of the inner frame 13b corresponding to top and bottom portions
of the inner frame 13b. By applying a voltage between the electrode of the
inner frame 13b and the two electrodes on the bottom substrate,
electrostatic forces act on the pair of support shafts 13e and incline the
inner frame 13b. [0040] The mirror portion 13c can be configured to include
a magnetic element on its back face and be inclined by a magnetic force
from a coil on the bottom substrate, or it can be configured to be inclined
by a deformation force of a piezoelectric element. It should not be limited
to the one in the firstembodiment. [0041] In order to deflect a light beam
with such a MEMS mirror at high speed, the mirror portion 13c need be
driven at about a resonance point. Because of this, the deflection angle or
inclination angle of the mirror portion 13c has to be 



changed in a sine wave form relative to time. The mirror portion 13c is
extremely small in size of about 1 mm and its rotation moment is very small
so that the primary resonant frequency thereof can be increased in a
deformation direction according to the thickness or width (design) of the
pair of support shafts 13d. It is possible to easily obtain a high primary
resonant frequency around the support shafts 13d (horizontal direction). In
the present embodiment, the rotation around the support shafts 13d or
horizontal scanning is set to a high-speed scan direction (main scan
direction) while the rotation around the support shafts 13e or vertical
scanning is set to a sub scan direction. [0042] It is difficult to achieve
an increase in amplitude of the mirror portion 13c by a general drive
technique and to stabilize the movement thereof due to a non-uniform drive
force, air resistance or the like. However, the MEMS mirror according to
the present embodiment can stably move with amplitude large enough to scan
the entire screen Sc since the mirror portion 13c is driven at around the
primary resonant frequency. Further, it is necessary to increase the
amplitude of the inner frame 13b which rotates/vibrates in the direction
(around the support shafts 13e) orthogonal to the rotation/vibration
direction of the mirror portion 13c, for the purpose of achieving a very
close range projection. However, since it is the sub scan direction, the
inner frame 13b has to be driven in the sub scan direction at a low
frequency which depends on the number of frames of an image per second (for
example, 30, 60, or 120Hz for image generation of 30, 60 or 120frames per
second). To drive the inner frame 13b at a low frequency by a resonance
between the inner frame 13b and the support shafts 13e, it is necessary to
form very thin support shafts 13e as rotation axes but this is not
practical 



because thin shafts cannot have sufficient impact resistance and can easily
get broken. To increase the thickness of the support shafts 13e, a resonant
frequency A of the rotation (vibration) around the support shafts 13e has
to be set to a high value. Since a resonant frequency B of the inner frame
13b is set to a low value, and the resonant frequencies A, B do not
coincide with each other, resonance cannot be utilized here. In conclusion,
it is necessary to use larger power in order to obtain a desired amplitude
of the mirror portion 13c. To drive the mirror portion with resonance in
the sub scan direction, a double axis scanning (for example, disclosed in
Japanese Examined Patent Application Publication No. 2005-5262899) can be a
good way to generate images instead of raster scanning. By the double axis
scanning, the mirror portion 13c can be driven with resonant vibration with
high amplitude in both of the main and sub scan directions, enabling close
range projection with small power. [0043] The convergent light deflected by
the optical deflector 13 constituted of the above MEMS mirror and
transmitting through the divergent light conversion element 12 is swept in
the two-dimensionally orthogonal directions, the first scan (horizontal)
direction and the second (vertical) scan direction [0044] In the first
embodiment, the first and second deflector portions are integrally formed,
however; they can be formed independently. For example, two MEMS sensors as
a single axis rotary element can be used or a flat mirror can be attached
to an output shaft of a stepping motor and rotated at a constant angular
velocity.[0045] 



Further, the optical deflector is configured for two-dimensional scanning;
however, it can be configured for one dimensional scanning. [0046] Another
issue to be addressed concerning the above optical projection system is
that in order to project large images on the screen Sc in a very close
range, the amplitude of the mirror portion 13c need be further increased.
[0047] However, with an increased amplitude, the mirror portion 13c cannot
stably drive due to non-uniform drive force or air resistance. It is very
difficult to generate a drive force great enough to achieve a large
amplitude in the first place. Specially, the higher the resonant frequency
is, the more difficult to attain a large amplitude is. For solving this
problem, the weight of the mirror portion 13 can be reduced by thinning the
thickness thereof or reducing the size thereof. [0048] However, a problem
arises from the thinning and size reduction of the mirror portion 13c. With
a thinned mirror portion 13c, an amount of deformation may be increased,
causing a brokerage of the optical deflector 13, or reflecting light with
the deformed mirror portion 13c may increase optical aberration, preventing
stable generation of spots S on the screen Sc and reducing resolution of
projected images. On the other hand, with a size-reduced mirror portion
13c, the divergent light conversion element 12 needs to focus convergent
light in a smaller beam size on the mirror portion 13c, and for achieving
the smaller beam size, assembly and manufacture precisions of components
need be improved. However, since NA (numerical aperture) of the divergent
light conversion element 12 is 



determined to form a predetermined size of spots S on the screen Sc based
on the light beam P from the light source 11 as described above, a distance
(optical path)from the divergent light conversion element 12 to the mirror
portion 13c (optical deflector 13) has to be lengthened as shown in FIG. 12
for reducing the beam size on the mirror portion 13c. This will prevent a
size reduction of the entire optical system. In contrast, when the distance
between the two is set to a short value, the beam size of the light beam
from the divergent light conversion element 12 will be larger than the
effective reflective face of the mirror portion 13c. Efficient use of the
light beam from the light source 11 may be prevented. [0049] With the above
problems taken into consideration, the amplitude of the mirror portion 13c
is set to 7.5 degrees in the present embodiment. In other words, the
maximum value of the deflection angle q of the light beam P deflected by
the optical deflector 13 is  15 degrees. With use of only the optical
deflector 13 (without the deflection angle conversion element 14), for
example, to obtain a two-dimensional image of A4 size (2 10 mm x 297 mm), a
projection range of about 560 mm will be needed, and to obtain a 14-inch
size two-dimensional image a projection range of about 500 mm will be
needed. These are large distances. Thus, only with the optical deflector
13, the image projector cannot project images in a very close range
projection. [0050] According to the image projector 1 of the present
embodiment, the deflection angle conversion element 14 and the divergent
light conversion element 12 are optimally designed with the size, dimension
and amplitude of the mirror portion 13c of the optical deflector 13 taken
into account. The deflection angle 



conversion element 14 is configured to be a deflection angle enlarging
element which converts the deflection angle q of the light beam deflected
by the optical deflector 13 into a scan angle a larger than the deflection
angle q. In the present embodiment, the deflection angle conversion element
14 is a single lens made of asingle glass material, for example. FIG. 13
shows optical paths obtained in a simulation by use of an optimally
designed optical system (optical scan unit 10). FIG. 13 schematically shows
an optical path among linearly arranged components of the optical system
from the light source 11 to the deflection angle conversion element 14 and
optical paths as simulation results when the mirror portion 13c is inclined
by a predetermined angle. In this simulation, a light beam with wavelength
of 530 nm is assumed to be emitted from the light source 11. [005 1] In the
first embodiment (also in the simulation of FIG. 13), the focal length of
the divergent light conversion element 12 is set to 3.91 mm, and a distance
from the light source 11 to a first face (opposite to the light source 11)
of the divergent light conversion element 12 is set to 3 mm. The center
thickness thereof is 2.4 mm and it is made of a glass material with
refractive index ncL being 1.5 196. A distance from a second face of the
divergent light conversion element 12 to a reflective face of the optical
deflector 13 is set to 18.354 mm while that from a reflective face of the
optical deflector 13 to the first face of the deflection angle conversion
element 14 is set to 8 mm. The deflection angle conversion element 14 has a
center thickness of 3 mm and is made of a glass material with refractive
index EXP being 1.5 196. This optical system (optical scan unit 10) is
designed to focus light from the light source 11 on a position 200 mm away
from the second face of the deflection angle conversion element 14. 



[0052] Both of the lens faces of the divergent light conversion element 12
are aspherical. The aspherical shape thereof is expressed by the following
formula (1) based on a relation between a distance z of the lens faces in
the optical axis direction and a radius h in orthogonal coordinate system
in which the optical axis direction of light from the light source 11 to
the optical deflector 13 is a Z-axisdirection and apices Ql, Q2 of the lens
faces are origin points. ch2 z = - +Ah4 +Bh6 +Ch* +Dh10 +Ehn +Fh14 +Ghi6
+HI +Jh20 l +SQRT[l~(l +k)c 2h2] h2 x2 +y 2 -(D where c is a paraxial
curvature (c = 1/ r where r is curvature radius), k is a conic constant, A,
B, C, D, E, F, G ... are aspherical coefficients. Note that "SQRT (Q)"
signifies a square root of Q in the formula (1). [0053] Table 1 below shows
data on the respective faces of the divergent light conversion element 12.
In the table 1 "E-On" signifies 10 n . Table 1 [0054] Convergent light from
the divergent light conversion element 12 is directed to the deflection
angle conversion element 14 through the optical deflector 13. FIGS. 3A to
3C shows how convergent light deflected by the optical deflector 13
transmits through the deflection angle conversion element 14. In FIG. 3A
convergent light travels along the referential optical axis Lb, and in FIG.
3B convergent light is inclined at an angle (deflection angle q) relative
to the 



referential optical axis Lb. In FIG. 3A to 3B, numeric codes 14a, 14b
representthe incidence face and exit face of the deflection angle
conversion element 14, respectively, which will be described later. [0055]
The deflection angle conversion element 14 is configured to have negative
power and convert a convergent light beam from the divergent light
conversion element 12 into a weaker convergent light beam to focus (reduce
the beam size to be smaller than a predetermined beam size) it on the
screen Sc. Also, the deflection angle conversion element 14 converts
incidence light with a deflection angle q into an outgoing light beam with
a scan angle a which is an angle relative to the referential optical axis,
as shown in FIG. 3B. In the first embodiment, the design and arrangement of
the deflection angle conversion element 14 is determined so as to satisfy
deflection angle q = scan angle a when the light beam is incident on the
referential optical axis Lb, and satisfy deflection angle q < scan angle a
when the light beam is not incident on the referential optical axis Lb.
Also, the deflection angle conversion element 14 is designed and arranged
so that it converts an incident light beam with the deflection angle q of
10 degrees into an outgoing light beam with scan angle a of 20 degrees, and
a light beam with the maximum deflection angle q of 15 degrees into one
with the scan angle a of 31.3 degrees. That is, it almost doubles the size
of the light beam. The maximum deflection angle q of the incident light
beam is  15 degrees since the light beam is deflected by the mirror portion
13c of the optical deflector 13 whose maximum amplitude is set to  7.5
degrees. [0056] The deflection angle conversion element 14 includes an
aspherical first 



face (on the side of the optical deflector 13) and a spherical second face.
The aspherical shape thereof is expressed by the above formula (1) based on
a relation between a distance z of the lens face in the optical axis
direction and a radius h inorthogonal coordinate system in which a straight
line connecting apices Ql ' , Q2' of the first and second faces, or the
optical axis direction of light from the light source 11 to the screen Sc
is a Z-axis direction. Data on the first and second lens faces is shown in
the following table 2. Table 2 [0057] In the first embodiment, the
deflection angle conversion element 14 is configured to include the
aspherical first face and the spherical second face; however, the present
invention is not limited thereto. Both of the first and second faces can be
aspherical, or they can be spherical depending on a required level of spots
or projected images on the screen Sc. [0058] The lens faces of the
deflection angle conversion element 14 and the divergent light conversion
element 12 are formed in rotationally symmetric shape. Because of this,
both the elements can be easily machined. Moreover, they can be easily
assembled since manufacturing tolerance or adjusting tolerance can be set
to a large value. Among the lens faces of the deflection angle conversion
element 14 and the divergent light conversion element 12, only ones (Ie)
through which light transmits have to be rotationally symmetric. When they
are made of resin materials or the like, the overall outer forms thereof
can be rotationallyasymmetric with assembly, adjustment or else taken into
account, as shown in FIG. 3C. [0059] 



With reference to FIGS. 4A to 4C, the effects of the deflection angle
conversion element 14 are described. FIGS. 4A to 4C are graphs of measured
values with and without the deflection angle conversion element 14. In
FIGS. 4A to 4C a code Ci is a characteristic curve of scan angle with the
deflection angle conversion element 14 while a code Ct is the same without
the deflection angle conversion element 14. Also, in the drawings the
horizontal axis indicates time with the center angle of the mirror portion
13c being as zero in time axis in which the maximum value is time for the
deflection angle q or scan angle a to reach the maximum amplitude (half of
resonance cycle or 1/4 cycle) and normalized to 1 and - 1. In FIG. 4A the
vertical axis indicates scan angle a (or deflection angle q without the
deflection angle conversion element 14), codes CiI , CtI are characteristic
curves of scan angle a. In FIG. 4B the vertical axis indicates scan speed
(of spots S on the screen Sc) of the light beam P and codes Ci2, Ct2 are
characteristic curves of scan speed. FIG.4C is based on FIG. 4B and
therein, the vertical axis indicates scan speed of the light beam P
normalized by the maximum value and characteristic values Ci3, Ct3 are
virtually the same as the Ci2, Ct2. The MEMS mirror (mirror portion 13c of
the optical deflector 13) is rotated in the angle range of - 7.5 to + 7.5
degrees as described above, so that the deflection angle q is changed
between - 15 to + 15 degrees. [0060] As apparent from FIG. 4A and the
simulation results in FIG. 13, the scan angle a when the deflection angle
conversion element 14 is used (curve CiI) is larger than that when it is
not used (curve CtI). With the deflection angle conversion element 14, at
the maximum amplitude of the mirror portion 13c being 7.5 degrees, the scan
angle a is about  30 degrees (curve CiI) at maximum, and 



a necessary distance from the image projector to the screen Sc to form an
A4 size image will be about 240 mm, realizing a very close range
projection. In contrast, without the deflection angle conversion element
14, the scan angle a is equal to the deflection angle q of  15 degrees
(curve CtI) at maximum, and the necessary distance will be about 560 mm.
[006 1] As apparent from FIGS. 4B, 4C, the scan speed is fastest at zero in
the time axis, that is, at the scan angle a (deflection angle q) being
zero, and it decreases as the scan angle increases irrespective of the use
of the deflection angle conversion element 14. Comparing the characteristic
curves Ci2, Ci3 (with the deflection angle conversion element 14) and Ct2,
Ct3 (without the deflection angle conversion element 14) respectively, Ci2,
Ci3 show that longer time is taken for the same amount of change in the
scan speed than Ct2, Ct3, and that means the scan speed in Ci2, Ci3 is
considered to be constant in a longer time than that in Ct2, Ct3. With the
deflection angle conversion element 14, a range of time in which a change
in the scan speed is small is larger than that without the deflection angle
conversion element 14, and constant velocity is achieved in that time
range. Accordingly, with the deflection angle conversion element 14, it is
possible to correct image deformation, equalize illuminance of a light
beam, and reduce unevenness in brightness of an image. [0062] Next, the
shapes of an incidence face 14a and an exit face 14b of the deflection
angle conversion element 14 are described. The incidence and exit faces
14a, 14b are formed to be rotationally symmetric around the optical axis. 



FIGS. 5A, 5B are graphs showing sag amount (mm) (characteristic curve Cs)
and a change in sag amount (mm) (characteristic curve Ca) in vertical axes,
and showinga radius (mm) from the optical axis of the deflection angle
conversion element 14 in the horizontal axes. FIG. 5A shows characteristics
of the incidence face 14a while FIG. 5b shows those of the exit face 14b.
Note that the sag amount refers to z coordinates (incidence side: +, exit
side: -) on the respective faces in the radius position when the optical
axis direction is z-axis direction and coordinates on the optical axis in
the z-axis direction is zero. Also, an amount of change refers to a change
in the sag amount relative to unit change amount in radius direction, and
is a first-order differential quantum of the characteristic curve Cs in the
radius direction. [0063] FIGS. 5A, 5B show that the change amount (absolute
value) increases from the optical axis to the periphery of the incidence
and exit faces 14a, 14b. Forming the incidence face 14a in such a shape
that the change amount increases from the optical axis to the periphery
makes it possible for the deflection angle conversion element 14 to emit a
light beam at a larger scan angle a as the incident position is away from
the optical axis to the periphery. Moreover, by forming the incidence face
14a to be aspherical, the size of spots S on the screen Sc can be reduced.
This holds true for the exit face 14b, and the exit face 14b formed in the
above manner can achieve the same effects. With the deflection angle
conversion element 14 in the first embodiment, the size of spots S can be 1
mm or less. However, with one having a flat lens face, for example, the
size of spots S will be 3 mm or more, and a projected image will blur on
the screen Sc. [0064] 



As shown in FIG. 1, the control unit 20 comprises an optical deflector
control unit 2 1 as a deflection angle control circuit and a light emission
amount control unit 22 as a light source control circuit. The control unit
20 receives as an original image signal 23 image data G (i, j ) which is
image data at pixelposition (i, j). In the control unit 20, the optical
deflector control unit 2 1 properly controls the optical deflector 13
according to a mirror position signal Mp for synchronous detection, while
the light emission amount control unit 22 controls the light source 11
according to the image data G(i, j ) and the mirror position signal Mp. The
optical deflector control unit 2 1 controls the optical deflector 13 by
outputting a rotation control signal Wc while the light emission amount
control unit 22 controls the light source 11 by outputting an emission
control signal Lc. The mirror position signal Mp is a signal output from
the optical deflector 13 and indicates a displacement of a vibrating mirror
portion 13c in FIG. 1. When the optical deflector 13 is driven by an
electromagnetic actuator, the mirror position signal Mp is obtained by
detecting back EMF due to mirror vibration. When the optical deflector 13
is driven by a piezo actuator, the mirror position signal Mp is obtained by
detecting back EMF generated in the piezo. Additionally, with provision of
a light beam receiving element 28 in an appropriate position to receive a
light beam deflected by the mirror portion 13c, the mirror position signal
Mp can be obtained by using signals from the light receiving element 28 in
association with a displacement of the mirror portion 13c, as shown in FIG.
7. Further, although not shown in the drawing, an electrode can be provided
in a displacing portion (here, mirror portion 13c) as well as in a
predetermined position not affected by the displacement to detect
electrostatic capacitance varying with a displacement. In the first
embodiment, the light 



emission amount control unit 22 controls the light source 11 in accordance
with the control over the optical deflector 13 by the optical deflector
control unit 2 1. [0065] For example, for projecting a pixel as an i-th in
the horizontal direction and a j-th in the vertical direction on the screen
Sc, the light emission amount control unit 22 outputs a light emission
amount control signal to the light source11 in synchronization with the
mirror position signal Mp, to emit a light beam in an amount for image data
G(i, j ) when the mirror portion 13c is inclined to form a spot S on the
screen Sc at a position (i' j ' ) corresponding to the pixel position (i,
j). With use of an optical deflector which can be driven non-resonantly by
a stepping motor or the like, the optical deflector control unit 2 1
outputs a drive control signal to the optical deflector in synchronization
with the light emission amount control signal to form a spot S on the
screen Sc at a position (i', j ' ) corresponding to the pixel position (i,
j). [0066] Accordingly, the light source 11 emits a divergent light beam in
amount for the image data G (i, j ) to the divergent light conversion
element 12 which converts the divergent light into convergent light, and
emits it to the optical deflector 13. [0067] The convergent light is
deflected to the deflection angle conversion element in the horizontal and
vertical directions 14 by the mirror portion 13c which is at an appropriate
angle to form a spot S on the screen Sc at the position (i' j ' ) in
accordance with the pixel position. The deflection angle conversion element
14 converts the deflection angle q of the incident convergent light into
the scan angle a and emit it to the screen Sc as a projection plane. This
forms a spot 



S in the position (i', j ' ) on the screen Sc. The above operation is
sequentially performed in scanning order based on all of image data G (i, j
) on the original image signal 23 to thereby generate a two-dimensional
image on the screen Sc in association with two-dimensional original image
data. [0068] As described above, with the use of the deflection angle
conversion element 14, the optical scan unit 10 (image projector 1) can
attain a large scan angle even when the deflection angle of the optical
deflector 13 is small, and itcan project a large image on a projection
plane (screen Sc) in a close range. In the present embodiment, the scan
angle a of the light beam can be  30 degrees at maximum although the
deflection angle q of the optical deflector 13 is  15 degrees at maximum.
Therefore, it can project an image in A4 size in a projection range of
about 240 mm. [0069] Further, with the use of the deflection angle
conversion element 14, the optical scan unit 10 (image projector 1) can
maintain a constant scan speed in a certain range so that it can correct
image deformation and unevenness in brightness more than one without the
deflection angle conversion element 14. [0070] Furthermore, the optical
scan unit 10 (image projector 1) is very advantageous in terms of
downsizing since it can achieve the above-mentioned effects with a simple
structure including the deflection angle conversion element 14. [0071] The
optical scan unit 10 (image projector 1) is configured to increase the 



scan angle a with the deflection angle conversion element 14 so that the
mirror portion 13c of the optical deflector 13 can be rotated stably for
suppressing a decrease in resolution of a projected image. Also, it can
efficiently utilize a light beam from the light source 11 without
increasing manufacture and assembly precision of its parts and components,
contributing to downsizing of the unit. [0072] Further, the divergent light
conversion element 12 can have an anamorphic aspherical face or a free-form
curved face for the following reasons. Generally, intensity distribution of
a light beam from a semiconductor laser is a Gaussian distribution, and a
spread angle of the light beam is different in a parallel directionand a
vertical direction relative to an active layer of the semiconductor laser.
Because of this, the light beam through the rotationally symmetric
divergent light conversion element 12 will be elliptic. However, provision
of a beam shaping plate with a circular opening for shaping the elliptic
beam may cause vignetting, leading to an increase in a loss of light, an
extraneous power consumption, and degradation of projected images on the
screen Sc due to the elliptic spots. This is why the divergent light
conversion element 12 can include an anamorphic aspherical face or a
free-form curved face which has different focal lengths in the horizontal
and vertical directions relative to the active layer of the semiconductor
laser. Thereby, it is possible to prevent a loss of light and form circular
spots on the screen. Further, with the anamorphic aspherical face or
free-form curved face having the same focal length, the shape of spots
formed will be elliptic with a shorter length in the horizontal direction
when the mirror is stationary, while it will be close to circular in a
pixel due to afterimage effects in the scan direction when the mirror is in
rotation. 



[0073] The divergent light conversion element 12 can be replaced by a
reflective element 24 in FIG. 6 since it only functions to convert light
from the light source 11 to convergent light to form spots S on the screen
Sc. The reflective element 24 has a free-form curved reflective face so
that it can prevent a loss of light and form circular spots. [0074] The
deflection angle conversion element 14 can be also replaced by a reflective
element 25 in FIG. 7 as long as the reflective element 25 can converts the
deflection angle q of a light beam deflected by the optical deflector 13 to
a larger scan angle a. The reflective element 25 includes a free-form
curved reflective face as the reflective element 24 does. The optical scan
unit 10 (imageprojector 1) in FIG. 7 is configured to receive a light beam
deflected by the mirror portion 13c with the light receiving element 28 for
synchronous detection to generate mirror position signals Mp indicating the
displacement of the mirror portion 13c in accordance with signals from the
light receiving element 28, as described above. [0075] Further, in a case
where the deflection speed or amplitude of the optical deflector 13 differs
in the horizontal and vertical directions, the divergent light conversion
element 12 and the deflection angle conversion element 14 can be the above
reflective elements with the anamorphic aspherical face or free-form curved
face so as to differentiate amount of convergence or divergence of light
for the horizontal and vertical directions in line with the deflection
speed or amplitude of the optical deflector 13. 



[Modification of First Embodiment] [0076] Next, a modification of the image
projector according to the first embodiment is described. This modified
embodiment uses an image projector It to find out through experiments how
deformation of images on the screen Sc is changed in accordance with a
change in the incidence angle f of light on the mirror portion 13c. The
structure of the image projector It is basically the same as that of the
image projector 1 so that the same components and functions are given the
same numeric codes as in the first embodiment, and a detailed description
thereon is omitted. FIG. 14 schematically shows an optical scan unit 1Ot of
the image projector It and optical paths at the incidence angle f being 45
degrees. [0077] Here, the incident optical axis Li refers to a traveling
direction of aprincipal ray emitted from the light source 11 and
transmitting through a divergent light conversion element 12t. The
incidence angle f refers to the angle of the incident optical axis Li
relative to the normal line of the reflective face of the mirror portion
13c (optical deflector 13) which is in a reference position (stationary
position). [0078] As shown in FIG. 14, the optical scan unit 1Ot is the
same as the optical scan unit 10 except for a divergent light conversion
element 12t and a deflection angle conversion element 14t. Specifically,
the light source 11 emits a light beam with a wavelength of 530 nm, the
focal length of the divergent light conversion element 12t is set to 3.89
mm, and a distance from the light source 11 



to the first face (facing the light source 11) of the divergent light
conversion element 12t is 3 mm. The divergent light conversion element 12t
is made of a glass material with refractive index ncL of 1.5 196 and center
thickness of 2.4 mm. A distance from the second face thereof to the
reflective face of the optical deflector 13 is set to 18.354 mm and that
from the reflective face of the optical deflector 13 to a first face
(facing the optical deflector 13) of the deflection angle conversion
element 14t is set to 8 mm. The deflection angle conversion element 14t is
made of a glass material with the center thickness of 3 mm and refractive
index EXP of 1.5 196. The optical system (optical scan unit 1Ot) is
configured to focus a light beam from the light source 11 on a position
which is 200 mm away from the second face (facing the screen Sc) of the
deflection angle conversion element 14t. [0079] Both of the faces of the
divergent light conversion element 12t are aspherical and expressed by the
above-mentioned formula (1). Data on the faces are shown in the following
table 3.Table 3 [0080] Both faces of the deflection angle conversion
element 14t are also aspherical and expressed by the above-mentioned
formula (1). Data on the faces are shown in the following table 4. Table 4
[008 1] With use of such an optical scan unit 1Ot, spots are formed on the
screen Sc at incidence angles f of 0, 15, 30, 45, 60, and 75 degrees under
a predetermined 



condition. FIGS. 15A to 15F schematically show spot positions on the screen
Sc. FIG. 16 shows how the spots are formed. [0082] In the drawings the
vertical direction is x-axis direction and the horizontaldirection and
y-axis direction, seen from the front. FIGS. 15A to 15F show positions
where the spots SO to S6 are formed at incidence angle f of 0, 15, 30, 45,
60, and 75 degrees, respectively. For the sake of comparison, FIGS. 15A to
15F are shown in the same scale size. [0083] The spots SO to S6 are formed
in the following manner. The mirror portion 13 of the optical deflector 13
is rotated (vibrated) around the two axes orthogonal to each other. One of
the two axes is an x ' axis and the other is a y ' axis, and the x ' axis
is positioned in the same plane as the x axis of the screen Sc and the y '
axis is positioned in the same plane as the y axis of the screen Sc (FIG.
16). The x' and y' axes are set so that the incidence angle f is changed in
a plane orthogonal to the x ' axis (FIG. 14). [0084] When the mirror
portion 13c is rotated only around the x ' axis, the position of the spot
is changed only in the x-axis direction (indicated by a dashed line from
the mirror portion 13c to the spot Sx in FIG. 16). When the mirror portion
13c is rotated only around the y ' axis, the position of the spot is
changed only in the y-axis direction (indicated by a two-dot chain line
from the mirror portion 13c to the spot Sy in FIG. 16). In the xy
coordinates of the screen Sc in FIGS. 15A to 15F, the rotations of the
mirror portion 13c around the y ' axis and x ' axis which move spot
positions in the x-axis direction and y-axis direction, respectively, are 



set to be +y ' axis and +x ' axis directions. The optical deflector 13 is
disposed so that the pair of support shafts 13 supporting the inner frame
13b is to be the x ' axis. [0085] In FIGS. 15A to 15F, the spot SO is
formed with a light beam reflected by a stationary mirror portion 13c (0
degree around both the x ' axis and y ' axis).Similarly, the spot Sl to
spot S6 are formed when the mirror portion 13c is rotated around the x '
axis at + 5 degrees and around the y ' axis at + 10 degrees, around the x '
axis at +5 degrees and around the y ' axis at 0 degree, around the x ' axis
at +5 degrees and around the y ' axis at - 10 degrees, around the x ' axis
at -5 degrees and around the y ' axis at +10 degrees, around the x ' axis
at -5 degrees and around the y ' axis at 0 degree, and around the x ' axis
at -5 degrees and around the y ' axis at -10 degrees, respectively. Note
that in the drawings the spots Sl to S6 are connected by straight lines to
surround the spot SO for better understanding of a difference in image
deformation. [0086] At the incidence angle f being 0 in FIG. 15A, the
mirror portion 13c is in the stationary position and it faces the screen Sc
so that deformation of a projected image due to the incidence angle f is to
be smallest. As obvious from FIGS. 15A to 15 F, the larger the incidence
angle f, the larger the deformation of images on the screen Sc.
Specifically, the positions of the spots are substantially the same in the
y-axis direction irrespective of the incidence angle f. To the contrary,
with regard to the positions of the spots in the x-axis direction, the
larger the incidence angle f, the smaller the change amount of the spot
positions relative to the rotation of the mirror portion 13c around the y '
axis. In changing the 



incidence angle f in the plane orthogonal to the x ' axis in the optical
scan unit 1Ot, as the incidence angle f increases, a projected image is
deformed to shrink (cosine f times smaller) in the x-axis direction
according to the value of f since the amplitude of light will be about
cosine f times larger in a substantially vertical direction (y ' axis
rotation direction of the mirror portion 13c and x-axis direction on the
screen Sc). [0087] Therefore, to form an image in a predetermined size, at
a larger incidenceangle f, it is necessary to increase the amplitude of the
mirror portion 13c (around the y ' axis). But, that is very hard to
achieve. For this reason, it is advantageous to convert the deflection
angle q of a light beam deflected by the optical deflector 13 into a larger
scan angle a by the use of the deflection angle conversion element 14t as
in present embodiment. [0088] The incidence angle f should be preferably
set to a very small value at or close to zero for generation of images of a
desirable size, even with use of the deflection angle conversion element
14t. This however requires for the optical scan unit to include a beam
splitter (later-described in a fifth embodiment), which brings increases in
the number of parts and components and manufacture costs as well as a
decrease in the degree of freedom of parts arrangements. As described
above, however, at the incidence angle f of 45 degrees, about 70% size of
an image in comparison with that at the incidence angle f of 0 can be
formed since the size of the image formed is cosine f times smaller as the
incidence angle f increases. In this manner, it is possible to form images
in a size close to a desirable size without the beam splitter. 



[0089] In FIGS. 15A to 15F, the absolute values of the coordinates of the
spots Sl to S3 are different from those of the spots S4 to S6 in the y-axis
direction on the screen Sc because a difference in the rotation angle of
the mirror portion 13c around the x ' axis affects beam positions virtually
the same as a difference in the incidence angle f. Moreover, in the optical
scan unit 1Ot the deflection angle conversion element 14t is inserted on
the optical path, so that the amount of deformation is far from a cosine f
times larger value relative to the incidence angle f . However, in a
simulation without the deflection angle conversion element 14 on the
optical path, it becomes very close to the larger value. Anexample of this
simulation is shown in the following table 5. The following table 5 shows x
coordinates of spots S on the screen Sc at the incidence angle f of 0, 15,
30, 45, 60, and 75 degrees when the mirror portion 13c is rotated only
around the y ' axis at 10 degrees (0 degrees around the x ' axis). Note
that values in parenthesis in the table 5 is obtained by multiplying x
coordinates (least deformation due to incidence angle) at the incidence
angle f of 0 degrees by cosine f. Also, the mirror portion is not rotated
around the x ' axis; therefore, y coordinates are always zero (on the
x-axis). Table 5 [Second Embodiment] [0090] Next, an image projector IA
according to the second embodiment is described with reference to FIG. 8.
The image projector IA is a color image projector and the structure thereof
is basically the same as that of the image projector 1 in the first
embodiment, so that the same functions and components are 



given the same numeric codes and a detailed description thereon is omitted.
[0091] The image projector IA includes an optical scan unit 1OA comprising
three light sources 11a, l ib, l i e and three divergent light conversion
elements 12a, 12b, 12c. The light sources 11a, l ib, l i e are
monochromatic light sources of red, green, blue, respectively for color
image projection. Using such monochromaticlights, the image projector IA is
able to generate bright color images with high color purity. The
monochromatic light sources can be lasers with proper wavelengths. In the
second embodiment, the light source 11a is a semiconductor laser with a
wavelength 638 nm for red light, the light source l i b is a semiconductor
laser with a wavelength 1060 nm for green light and uses the second
harmonic of 560 nm, and the light source l i e is a semiconductor laser
with a wavelength 445 nm for blue light. The divergent light conversion
elements 12a, 12b, 12c which function the same as that 12 in the first
embodiment are provided to focus light beams from the light sources to be
convergent light, and they have the same aspherical faces. [0092] The
optical scan unit 1OA is configured to include optical path combiner units
16a, 16b on an optical path from the divergent light conversion element 12a
to the optical deflector 13 to combine light beams emitted from the light
sources 11a, l ib, l i e and passing through the divergent light conversion
elements 12, 12b, 12c into one. [0093] In the present embodiment, the
optical path combiner unit 16 is made of a dielectric multi-layer filter
and has a characteristic of reflecting light in a 



predetermined wavelength range and having light outside the wavelength
range transmitted therethrough. The optical path combiner unit 16a
corresponding to the light source l i b reflects 95% more of green light
with a wavelength range 510 nm to 570 nm and transmits 90% more of light
with a wavelength range other than this range. The optical path combiner
unit 16b corresponding to the light source l i e reflects 95% more of blue
light with a wavelength range 400 nm to 490 nm and transmits 90% more of
light with a wavelength range other than this range. [0094]In the image
projector IA, the light sources 11a, l ib, l i e emit light beams
appropriately under the control of the control unit 20 (light emission
amount control unit 22). A light beam from the red light source 11a is
converted into convergent light by the divergent light conversion element
12a, and transmits through the optical path combiner units 16a, 16b to the
optical deflector 13. The optical path of this beam light is set to be a
reference optical path Pb. A light beam from the green light source l i b
is converted into convergent light by the divergent light conversion
element 12b, reflected by the optical path combiner unit 16a on the
reference optical path Pb and transmits through the optical path combiner
unit 16b to the optical deflector 13. A light beam from the blue light
source l i e is converted into convergent light by the divergent light
conversion element 12c, and reflected by the optical path combiner unit 16b
on the reference optical path Pb to the optical deflector 13. [0095] Thus,
light beams emitted from the light sources 11a, l ib, l i e are converted
into convergent lights by the divergent light conversion elements 12a, 12b,
12c, respectively, combined by the optical path combiner units 16a, 16b and



directed to the optical deflector 13. [0096] The combined light beam is
deflected by the optical deflector 13 at the deflection angle q, converted
into one at the scan angle a larger than deflection angle q by the
deflection angle conversion element 14 and forms spots S on the screen Sc
as in the image projector 1 of the first embodiment. The mirror portion 13c
of the optical deflector 13 is driven under the control of the control unit
20 (optical deflector control unit 21) to reflect the convergent light and
two dimensionally change the traveling direction (deflection angle q)
thereof, thereby two-dimensionally forming spots on the screen Sc. For
optical scanning,emission timing, light intensity, and emission period of
the light sources 11a, l ib, l i e are properly controlled based on image
data (image data G (i, j ) at each pixel (i, j)) to generate color images
on the screen Sc. [0097] The image projector IA according to the present
embodiment can emit a light beam at a large scan angle even with the
optical deflector 13 having a small deflection angle, as the image
projector 1 according to the first embodiment. Because of this, it can
project images in a very close range and maintain the constant scan speed
in a predetermined range to correct image deformation or unevenness in
brightness. [0098] Further, the image projector IA includes the
monochromatic light sources 11, l ib, l i e so that it can form color
images in high contrast and with high color purity. In addition, the image
projector IA is configured to directly render each pixel, and render pixels
(i, j ) according to black image data G (i, j ) without light 



emission from the laser. It can prevent a black portion of an image from
becoming too bright and improve image contrast in comparison with an image
projector using a micro display such as liquid crystal. [0099] Further,
according to the image projector IA of the present embodiment, the
divergent light conversion elements 12a, 12b, 12c are formed in the same
aspheric shape. However, the present invention is not limited thereto. They
can be optimally designed to have different focal lengths or shapes from
each other in accordance with divergent light of the second harmonic wave
of the semiconductor laser to form desirable spots on the screen Sc with
the light beam from the monochromatic light sources. [Modification of
Second Embodiment][0100] Next, an image projector IAt (optical scan unit
10At) as a modification of the image projector IA is described with
reference to FIGS. 17 to 22. The image projector IAt (optical scan unit
10A) is another example of a color image projector in a smaller size. The
structure thereof is basically the same as that of the image projector IA
in the second embodiment, so that the same functions and components are
given the same numeric codes and a detailed description thereon is omitted.
FIG. 17 schematically shows the structure of the image projector IAt but
omits showing the control unit 20 for simplicity. FIG. 18 shows the cross
section of a first divergent light conversion element 12AtI used in the
image projector IAt, FIG. 19 shows the cross section of a second divergent
light conversion element 12At2, FIG. 20 shows the cross section of an
optical path combiner unit 16At, FIG. 2 1 shows the cross section of a
focus lens 70, and FIG. 



22 shows the cross section of a second divergent light conversion element
12At2. In the following, the optical axis direction (principal ray) of an
optical path of each optical element is set to be a Z axis. In FIGS. 17 to
22, however, an exit optical axis direction of a first light source 11AtI
of the light source 11At is set to be a Z axis, a direction orthogonal to
the Z axis is set to be a Y axis, and a direction orthogonal to both axes
is set to be an X axis. Also, in FIGS. 18 to 22, the optical axis direction
of each optical element is set to be a z axis, a direction orthogonal to
the drawings is set to be an x axis, and a direction orthogonal to an x-z
plane is set to be a y axis. In the following, the positional relation and
structure of the image projector IAt will be described using an orthogonal
coordinate system of X, Y, Z axes (hereinafter, global axes) while the
structure (lens data or the like) of each optical element will be described
using an orthogonal coordinate system of x, y, z axes (hereinafter, local
axes). [0101]The optical scan unit 10At of the image projector IAt is
configured to include first and second light sources HAtI , HAt2 and first
and second divergent light conversion elements 12AtI , 12At2 as shown in
FIG. 17. [0102] The first light source l lAtl is a hybrid laser (HBLD) in
which a semiconductor laser chip l lta with a center wavelength of 640 nm
(hereinafter, red LD chip) and a semiconductor laser chip l ltb with a
center wavelength of 445 nm (hereinafter, blue LD chip) are arranged in the
Y-axis direction on a single package. In the first light source HAtI , a
distance between a light emitting point of the red LD chip l lta and that
of the blue LD chip l ltb (between both of the exit optical axes) is set to
0.9 mm. The positions of the light source 11AtI and the 



first divergent light conversion element 12AtI are determined so that the
exit optical axis of the red LD chip l lta coincides with an optical axis
12tc of a later-described first lens face 12tal of the first divergent
light conversion element 12AtI as well as the exit optical axes of the red
and blue LD chips l lta, l ltb, the optical axis 12tc, an optical axis 12td
of a second lens face 12ta2 of the first divergent light conversion element
12AtI are placed in the same plane. Light beams (linearly polarized
divergent light) from the red and blue LD chips l lta, l ltb transmit
through a cover glass l ite and are directed to the first divergent light
conversion element 12AtI . [0103] The first divergent light conversion
element 12AtI is made of a glass material with refractive indexes of n640 =
1.506643, n445= 1.5 19219, and functions to make light beams from the red
and blue LD chips l lta, l ltb into substantially parallel light beams. As
shown in FIG. 18, the first divergent light conversion element 12AtI
includes a first face 12ta facing the first light source 1IAtI and a second
face 12tb facing a later-described optical path combiner unit 16At.[0104]
The first face 12ta of the first divergent light conversion element 12AtI
includes a first lens face 12tal and a second lens face 12ta2. The first
lens face 12tal is a rotationally symmetric aspheric face and functions to
couple divergent light from the red LD chip l lta. The rotationally
symmetric aspheric face can be expressed by the above formula (1) in the
orthogonal coordinate system (the arrows x, y, z in FIG. 18) where a point
Q3 on the optical axis 12tc (rotation axis) of the first lens face 12tal is
an origin point, a direction from a later-described optical path combiner
unit 16At to the red LD chip l lta is + z axis, a right side of 



a horizontal direction in FIG. 18 is + y axis, and a direction from the
front to the back of the drawing and orthogonal to the z and y axes is + x
axis. Data on the lens face 12tal is shown in the following table 6. Table
6 [0105] The second lens face 12ta2 is a rotationally asymmetric anamorphic
aspheric face and functions to couple divergent light from the blue LD chip
l ltb.A distance z (sag amount of a plane parallel to the z axis) of the
anamorphic aspheric face in the x-y plane in the optical axis direction is
expressed by the following formula (2) in the orthogonal coordinate system
(the arrows x, y, z in FIG. 18) where a point Q4 on the optical axis 12td
(rotation axis) of the second lens face 12ta2 is an origin point, and a
direction from a later-described optical path combiner unit 16At to the
blue LD chip l ltb is + z axis. Formula (2) CUX X2 - CUYy z = I + SQRT I -
( I + KX) CUX2X2 - (1+ KY) CUYV) + AR " 1 - AP) x + 1 + AP) yy + BR " 1 -
BP) x + (1 + BP) yy + CR {(1 - CP) x + (1 + CP) y + DR {(1 - DP) x + <l +
DP) yz}5 (2) where CUX represents curvature (= 1/RDX where RDX is curvature
radius in x direction) in the x direction, CUY represents curvature (=
1/RDY where RDY is curvature radius in y direction) in the y direction, KX
represents a conic coefficient in the X direction, KY represents a conic
coefficient in the Y direction, AR, BR, CR, DR are deformation coefficients
and forth, sixth, eighth, tenth orders rotational symmetric parts,
respectively, and AP, BP, CP, DP, are deformation 



coefficients and forth, sixth, eighth, tenth orders rotational asymmetric
parts, respectively. [0106] Each coefficient of the formula (2) is shown in
the following table 7. In the table 7 "E-On" signifies "10 n" . Table
7[0107] The second face 12Atb of the first divergent light conversion
element 12AtI is a rotationally symmetric aspheric face and its rotation
axis coincides with the optical axis 12tc of the first lens face 12tal of
the first face 12ta. The rotationally symmetric aspheric face is expressed
by the above formula (1) in the orthogonal coordinate system (x, y, z in
FIG. 18) where a point Q5 on the optical axis 12tc (rotation axis) of the
second face 12tb is an origin point, and a direction from the
later-described optical path combiner unit 16At to the first light source
1IAtI is +z axis. Data on the second face 12Atb is shown in the following
table 8. Table 8[0108] The thickness (from Q3 to Q5 on the optical axis
12tc) of the first lens face 12tal is 1.5 mm and that (from Q4 to Q5 on the
optical axis 12td) of the second lens face 12ta2 is 1.5 mm. The distance
between the optical axis 12tc of the first lens face 12tal and the optical
axis 12td of the second lens face 12ta2 is 0.93 mm in the y-axis direction.
The optical axes 12tc, 12td are placed in the Y-Z plane (global axis). In
FIG. 17, a second light source HAt2 is provided to emit light for color
image projection together with the two substantially parallel lights
converted by the first divergent light conversion element 12AtI . 



[0109] The second light source HAt2 is a semiconductor laser with a center
wavelength of 1060 nm and emits a SHG laser beam with a center wavelength
of 530 nm converted. A light beam from an exit point (virtual emitting
point l ite) of the second light source HAt2 transmits through a cover
glass l ltd and is directed to a second divergent light conversion element
12At2.[01 10] The second divergent light conversion element 12At2 is made
of a glass material with a refractive index n530 = 1.51 199 at a wavelength
of 530 nm and functions to make a light beam from the second light source
HAt2 into substantially parallel light beams. As shown in FIG. 19, it has a
first face 12te facing the second light source HAt2 and a second face 12tf
facing the optical path combiner unit 16At. [01 11] The first and second
faces 12te, 12tf thereof are rotationally symmetric aspheric faces having
the same optical axis 12tg (rotation axis). The first face 12te is
expressed by the above formula (1) in the orthogonal coordinate system (x,
y, z in FIG. 19) where a point Q6 on the optical axis 12tg is an origin
point, a direction from the optical path combiner unit 16At to the second
light source HAt2 is + z axis, and the upper side of the vertical direction
in FIG. 19 is +y axis and a direction from the front to the back of the
drawing and orthogonal to z and y axes is +x axis. Similarly, the second
face 12tf is expressed by the above formula (1) in the orthogonal
coordinate system (x, y, z in FIG. 19) where a point Q7 on the optical axis
12tg is an origin point, a direction from the optical path combiner unit
16At to the second light source HAt2 is +z axis. Data on the first and
second 



faces is shown in the following table 9. Table 9[01 12] The thickness of
the second divergent light conversion element 12At2 from Q7 to Q8 on the
optical axis 12tg is 1.5 mm. As shown in FIG. 17, the optical path combiner
unit 16At is provided to combine light beams with different wavelengths
from the second and first divergent light conversion element 12At2, 12AtI
into one. Thereby, the combined light transmits through the focus lens 70
and is directed to the optical deflector 13 for scanning. The optical path
combiner unit 16At is a plate-like prism as shown in FIG. 20, and includes
a first face 16ta facing the first divergent light conversion element 12AtI
and a second face 16tb facing the second divergent light conversion element
12At2. [01 13] Normal line (na) of the first face 16ta and that of the
second face 16tb are non-parallel in the same plane and a cross section of
the optical path combiner unit 16At along the same plane is in a wedge
shape. A vertex angle b of the wedge shape is set to 0.8 degree. The first
and second faces 16ta, 16tb each have a film with wavelength selective
characteristic. In this modified embodiment the film of the first face 16At
has reflectivity of 95% and transmittance of 5% relative to light with
wavelength of 640 nm  10 nm at incidence angle of 45  1.5 degrees,
transmittance of 99% or more relative to light with wavelength of 530 nm 5
nm at incidence angle of 45  1.5 degrees, and transmittance of 99% or more
relative tolight with wavelength of 445 nm +10 nm/-5 nm at incidence angle
of 46.5  2.5 degrees, for example. The film of the second face 16tb has
transmittance of 99% or more relative to light with wavelength of 640 nm
10 nm at incidence angle of 43.5  1.5 degrees, transmittance of 95%
relative to light with wavelength of 530 



nm  5 nm at incidence angle of 46.5  1.5 degrees, and transmittance of 5%
relative to light with wavelength of 445 nm +10nm/-5 nm at incidence angle
of 46.5  1.5 degrees. The films of the first and second faces 16ta, 16tb
are set to transmit about 5% of amount of light beams with three
wavelengths from the first and second divergent light conversion elements
12AtI, 12At2 (to a later-described light receiving element 7 1 in FIG. 17).
[01 14] The optical path combiner unit 16At is made of a glass material
with refractive indexes n640 = 1.5 14846, n530 = 1.5 19584, n445 =
1.525786. In FIG. 20, the optical center of the first face 16ta is a point
Q8 and an intersection of the normal line na thereof on the point Q8 and
the second face 16tb is a point Q9. [01 15] The point Q8 is positioned on
the optical axis 12tc (Z-axis direction in FIG. 18) of the first lens face
12tal of the first face 12ta of the first divergent light conversion
element 12AtI . The optical axis 12tc makes a 45 degree angle with the
first face 16ta of the optical path combiner unit 16At which is
perpendicular to a plane including the optical axes 12tc, 12td (Y-Z plane
(global axis) in FIGS. 17, 18). The center thickness of the optical path
combiner unit 16At (between Q8 and Q9) is set to 1.1 mm. [01 16]
Accordingly, the light beam from the red LD chip l lta is coupled by the
first divergent light conversion element 12AtI to linearly polarized
divergent light. Then, the principal ray is incident on the point Q8 of the
first face 16ta atincidence angle 45 degrees, and reflected thereby to the
focus lens 70. The optical path of the reflected light is a single optical
path of a combined light beam 



(later described) from the focus lens 70 to the optical deflector 13. As
described above, about 5% of amount of the light beam coupled by the first
divergent light conversion element 12AtI transmits through the optical path
combiner unit 16 and travels to a later-described light receiving element 7
1. [01 17] The light beam from the blue LD chip l ltb is coupled by the
first divergent light conversion element 12AtI to linearly polarized
divergent light, incident on the first face 16ta and reflected by the
second face 16tb to the first face 16ta again, and combined with the other
light beams. As described above, about 5% of amount of the light beam from
the first divergent light conversion element 12AtI transmits through the
optical path combiner unit 16At and travels to the later-described light
receiving element 7 1. [01 18] Similarly, the light beam from the second
light source HAt2 is coupled by the second divergent light conversion
element 12At2 to linearly polarized divergent light, incident on the second
face 16tb to the first face 16ta, and combined with the other light beams.
As described above, about 5% of amount of the light beam from the second
divergent light conversion element 12At2 is reflected by the second face
16tb of the optical path combiner unit 16At to the later-described light
receiving element 7 1. [01 19] The light beam (laser beam) with the three
wavelengths combined by the optical path combiner unit 16At transmits
through an aperture element 72 and is directed to the focus lens 70. The
aperture element 72 includes an opening in a 



smaller size that that of the mirror portion 13c of the optical deflector
13 toprevent a light beam from being incident on other portions than the
mirror portion 13c. In this modified example, the diameter of the opening
of the aperture element 72 is set to 0.96 mm and the center thereof
coincides with the axis of the optical path (principal ray of the combined
light beam). The aperture element 72 can prevent occurrence of flare due to
light incident on a portion other than the mirror portion 13c which may
cause degradation of color image quality. [0120] The focus lens 70
converges parallel light beams with the three wavelengths so as to form a
predetermined size of spots S on the screen Sc (in FIG. 8 and else). It is
made of a glass material with refractive indexes n640 = 1.5 14846, n530 =
1.5 19584, n445 1.525786. The focus lens 70 includes a first face 70a
facing the aperture element 72 and a second face 70b facing the optical
deflector 13 which are both aspheric with the center of curvature on an
axis 70c. The curvature radius of the first face 70a is 6.65277 mm while
that of the second face 70b is 3.3 mm. The thickness of the focus lens 70
in the optical axis direction (between QlO and Ql I on the axis 70c of the
first and second faces 70a, 70b respectively) is 2.0 mm. The focus lens 70
is disposed so that the axis 70c coincides with the optical axis of the
single optical path (center of the opening of the aperture element 72). The
combined light beam is directed to the optical deflector 13 through the
focus lens 70. [0121] The optical deflector 13 is configured the same as
those of the optical scan units 10 (FIG. 2), 1OA according to the first and
second embodiments. In the optical scan unit 10At, the optical deflector 13
is placed so that the center 13f of 



the mirror portion 13c is on the optical axis of the single optical path,
the normal line of the mirror portion 13c in the stationary state makes a
30 degree angle with the optical axis of the optical path (incidence angle
= 30 degrees), and the y ' axis(the arrow y' in FIG. 17) is in the plane
including the optical axes 12tc, 12tg of the first and second divergent
light conversion elements 12AtI , 12At2 (and the optical axis of the
optical path). The x ' axis (the arrow x' in FIG. 17) of the optical
deflector 13 is a direction perpendicular to the drawing. The optical
deflector 13 is configured to rotate slowly around the x ' axis (sub scan
direction) and to rotate fast around the y ' axis (main scan direction).
The light beam is deflected by the optical deflector 13 to the deflection
angle conversion element 14At. [0122] The deflection angle conversion
element 14At is made of a glass material with refractive indexes n640=
1.506643, n530 = 1.5 1199, n445 = 1.5 19219. The deflection angle
conversion element 14At is a lens having negative power and includes a
first face 14ta facing the optical deflector 13 and a second face 14tb
facing the screen Sc (FIG. 8 and else) as shown in FIG. 22. The first face
14ta is spherical with the center of curvature on the axis 14tc while the
second face 14tb is aspheric and rotationally symmetric around the axis
14tc. The deflection angle conversion element 14 is disposed so that the
axis 14tc coincides with a principal ray of the light beam deflected by the
mirror portion 13c in the stationary state. The thickness thereof (from Q12
to Q 13) on the axis 14tc is 1.3 mm. The first face 14ta is expressed by
the above formula (1) in the orthogonal coordinate system (arrows x, y, z
in FIG. 22) where a point Q12 on the axis 14tc is an origin point, a
direction from the optical deflector 13 to the screen Sc is +z axis, an
upper side of a direction orthogonal to the +z axis is +y axis, and a
direction from the 



front to the back of the drawing and orthogonal to z and y axes is +x axis.
The second face 14tb is expressed in the above formula (1) in the
orthogonal coordinate system where a point Ql 3 on the axis 14tc is an
origin point, and a direction from the optical deflector 13 to the screen
Sc is +z axis. The data on the first and second faces are shown in the
following table 10.Table 10 [0123] An incident light beam is converted
(enlarged) by the deflection angle conversion element 14 into a light beam
with a larger scan angle and projected to the screen Sc. [0124] In the
optical scan unit 10At the optical axis 12tg of the second divergent light
conversion element 12At2 is positioned 0.37 mm away from the point Q8 as a
center of the first face 16ta of the optical path combiner unit 16At in the
-Z-axis direction (global axis, from the first light source l lAtl to the
optical path combiner unit 16At on the exit optical axis of the blue LD
chip l ltb). The exit point (virtual emission point l ite of the SHG light
with center wavelength 530 nm) of the second light source HAt2 is
positioned 0.33 mm away from the point Q8 in the - Z axis direction. [0125]
The distance between the point QI l of the first face 70b of the focus lens
70 and the center position 13f of the mirror portion 13c is set to 2.5 mm.
The distance between the center position 13f of the mirror portion 13c and
the point Q12 of the first face 14ta of the deflection angle conversion
element 14 is set to 3.0 mm.[0126] 



As shown in FIG. 17, the optical scan unit 10At comprises a light receiving
element 7 1 which outputs a reception signal to the control unit 20 (FIG.
8) in a level in accordance with an amount of a received light beam. The
optical path combiner unit 16At has about 5 % of the amount of light beams
with the three wavelengths transmitted therethrough. The light receiving
element 71 is disposed so that its light receiving face receives the light
beam reflected by or transmitted through the first and second faces 16ta,
16tb of the optical path combiner unit 16At. [0127] In the optical scan
unit 10At, the control unit 20 (FIG. 8) controls (feedback control) the
drive current for the first and second light sources HAtI , HAt2 to adjust
the amount of light emitted therefrom to a predetermined amount using the
reception signal from the light receiving element 7 1. Accordingly, the
optical scan unit 10At can form good color images without a change in
brightness or color balance due to a change in ambient temperature or the
like. Also, the other embodiments can adopt the feedback control using the
light receiving element 7 1 and attain the same effects as those of the
present embodiment. [0128] The optical scan unit 10At can attain the same
effects as those of the optical scan unit 1OA in the second embodiment.
Additionally, it uses a hybrid laser (HBLD) for the first light source
11AtI which incorporates the red and blue LD chips l lta, l ltb in a single
package, thereby downsizing an optical module for the color image
projector. [Third Embodiment] 



[0129] An image projector IB according to the third embodiment is described
withreference to FIG. 9. The image projector IB comprises an additional
function to form better color images than the image projector IA according
to the second embodiment. The structure of the image projector IB is the
same as that of the image projector IA; therefore, the same functions and
components thereof are given the same numeric codes and a detailed
description thereon is omitted. [0130] The image projector IB includes a
control unit 203 which includes an image processing unit 26 (image
processing circuit) in addition to the optical deflector control unit 2 1
and the light emission amount control unit 22. In order to project a good
image on the screen Sc, the image processing unit 26 corrects image data G
(i, j ) based on an original image signal 23 received by the control unit
203 and outputs the corrected image data G' (i, j ) to the optical
deflector control unit 2 1 and the light emission amount control unit 22.
By the image data correction, it is able to correct degradation of a color
image on the screen Sc due to optical characteristics of the optical
projection system (those of the divergent light conversion element 12a,
12b, 12c and deflection angle conversion element 14, and scan speed
characteristic of the optical deflector 13, for example). [01 31] Types of
image correction are described in the following. (Deformation Correction)
FIG. 10 shows a deformed image and a corrected image on the screen Sc. In
FIG. 10 a rectangle 23 1 is properly formed based on the original image
signal 23 (FIG. 9) on the screen Sc while a rectangle 232 is deformed due
to the optical 



system. [0132] The deformed rectangular 232 is corrected to the rectangular
23 1 on the screen Sc. Specifically, each point on the deformed rectangle
232 is transformedto an appropriate point on the rectangle 231 to correctly
project a color image on the screen in accordance with original image
signals 23 . Here, the positions of the spots S are determined by the
amplitude of the optical deflector 13 under control of the optical
deflector control unit 2 1. Therefore, the light emission amount control
unit 22 is configured to control the emission timing and amount of the
light sources 11a, 11, l i e in accordance with the amplitude of the
optical deflector 13. The light sources are controlled to emit light at an
intensity based on the angle of the optical deflector 13 and image data G
(i, j ) at a pixel (i, j), referring to a look-up table stored in a
not-shown memory which shows a relation between the angle of the optical
deflector 13 and the spot position (i, j). Further, a transformation
function which transforms the deformed rectangle 232 into a proper
rectangle 231 is acquired in advance to transform image data G (i, j ) into
image data G' (i, j). The light emission control over the light sources are
performed in accordance with the operation of the optical deflector 13 to
form the transformed image data G' (i, j ) on the screen Sc. When the
deformed rectangle 232 is corrected by changing the emission timing of the
light sources, a portion of the deformed rectangle 232 outside the
rectangle 23 1 is not illuminated. Because of this, integrated amount of
light on the rectangle 23 1 is smaller than the deformed rectangle 232.
Accordingly, the light source is controlled to emit an increased amount of
light to form the rectangle 23 1 compared with that of light to form the
deformed rectangle 232, to maintain the amount of light. 



[0133] In the image projector IB, when the control unit 203 receives an
original image signal 23, the image processing unit 26 corrects the
original image signal 23 properly, and the optical deflector control unit 2
1 and the light emission amount control unit 22 control the light sources
11a, l ib, l ie, and the optical deflector 13 based on the corrected
original image signal 23. This enables generation of goodimages with very
little deformation on the screen Sc. (Trapezoidal Deformation Correction)
[0134] The image deformation may occur due to other factors. For example,
when the image projector IB and the screen Sc are relatively inclined to
each other, a projected color image may include a trapezoidal deformation
on the screen Sc. The image processing unit 26 or a not-shown equivalent
processing unit can correct the trapezoidal deformation in the same manner
as the above-described deformation. [0135] Japanese Unexamined Patent
Application Publication No. 2006-1 78346 and No. 2006-234157 disclose a
technique to correct trapezoidal deformation by setting an optical system
to realize a predetermined correction amount therefor. However, since the
trapezoidal deformation is caused by the positional relation between the
image projector IB and the screen Sc, the amount and direction (relation
between top side and bottom side) of the deformation will be changed
according to the positional relation of the two. In particular, a change in
the amount and direction of the deformation is conspicuous in projection
with a mobile device incorporating the image projector IB. With the above
taken into 



consideration, the image projector IB according to the third embodiment is
configured to be able to adjust the amount of trapezoidal deformation
correction with the image processing unit 26 or an equivalent processing
unit. For example, it can be configured to allow a user to adjust the
correction amount through a manipulation to a jog dial or buttons while
viewing a projected image. In this case, it is possible for the image
projector IB to project a corrected image in accordance with the adjusted
correction amount by storing a transformation function for trapezoidal
deformation and changing the transformation function orcoefficients thereof
according to the correction amount. Thus, the image projector IB can form
color images with very little deformation. (Correction of Unevenness in
Brightness) [0136] In the image projector IB, the mirror portion 13c of the
optical deflector 13 is vibrated sinusoidally for forming spots S, so that
the scan angle a ( deflection angle q) of a light beam varies sinusoidally
relative to time. For this reason, the scan speed is fastest at zero in the
time axis or the scan angle a (deflection angle q) being zero, and the
larger the scan angle a (deflection angle q), the slower the scan speed as
shown in FIGS.4B 4C. That is, an integrated amount of light per pixel
differs depending on the scan angle a. In scanning a projection plane with
a light beam having a certain level of luminance, an area of the projection
plane which is scanned at a small scan angle a will be dark due to a small
integrated amount of light per pixel since the light beam passes
therethrough at a high scan speed. In contrast, an area of the projection
plane which is scanned at a large scan angle a will be bright due to a
relatively large integrated amount of light per pixel since the light beam
passes therethrough at a low scan speed. 



[01 37] Similarly to the image projector IA according to the modification
of the first embodiment, the image projector IB shows the constant scan
speed in a certain range and an improved evenness in intensity of the light
beam. However, further correcting the improved evenness leads to improving
quality of a projected color image. The unevenness in brightness
distribution is correctable by the image processing unit 26 or a not-shown
equivalent processing unit which adjusts emission amounts of the light
sources 11a, l ib, l i e. For this purpose, the image processing unit
determines a pixel position (i, j ) of a spot from the mirror position
signal Mp (the angle of the mirror portion 13c) and controls the light
sources toemit light beams with intensity corrected in accordance with the
pixel position (i, j). The correction of unevenness in brightness is done
so that the light sources are controlled to emit light to the periphery of
an image with a relatively low intensity or in a relatively short emission
time while they are controlled to emit light to the center of an image with
a relatively high intensity or in a relatively long emission time. The
light intensity at the pixel (i, j ) is correctable by referring to a
lookup table stored in a not-shown memory and showing a relation between
the pixel position (i, j ) and correction amounts (corrected light
intensity). Also, the light intensity can be corrected by a function for
the pixel (i, j ) and the correction amounts. Accordingly, the image
projector IB can form images with very little unevenness in the brightness.
(Deformation Correction 2) [0138] As described above, a deformation occurs
in a color image due to a decrease in the scan speed along with an increase
in the scan angle a (deflection 



angle q) . Such an image deformation is correctable in the same manner as
the above-mentioned deformation by the image processing unit 26 or a
not-shown equivalent processing unit. Accordingly, the image projector IB
can form images with very little distortion. (Color Correction) [0139] The
image projector IB FIG. 9 is configured to combine three light beams (red,
green, blue) with different wavelengths from the light sources 11a, l ib, l
i e into one, and deflect the light by the optical deflector 13 and convert
the deflection angle q of the light into the scan angle a by the single
deflection angle conversion element 14. Due to the different wavelengths of
the combined light, color aberration occurs and the converted scan angle a
of the light differsdepending on the wavelength, which may cause color
shifts in the spots S formed based on the same image data G (i, j ) on the
screen Sc. [0140] Amount of such color shifts can be obtained by measuring
or designing for each of the wavelengths (red, green, blue), so that the
color shifts can be corrected by correcting the spot positions S of the
light beams from the light sources 11a, l ib, l ie. Thus, the image
processing unit 26 or an equivalent processing unit controls the light
sources 11a, l ib, l i e to emit light beams at timing in accordance with
the moving of the mirror portion 13c of the optical deflector 13. For
example, the image processing unit 26 can adjust emission timing of the
light sources 11a, l ib, l i e independently according to shift amounts of
the spot positions for the three colors. Thereby, images without color
shifts can be formed on the screen Sc. 



[0141] Further, such color shifts may occur due to various factors of the
light sources 11a, l ib, l i e and the optical path combiner unit 16 such
as assembling error and conditioning error, differences in parts and
components thereof, and a change due to temperature or a temporal change.
Therefore, it is preferable that the correction amount for the color shits
is changeable when appropriate in the image processing unit 26 or an
equivalent processing unit. For example, with provision of a correction
operation unit (not shown), the correction amount can be adjusted in
accordance with an input from the correction operation unit. Accordingly,
the image projector IB can form color images with very little color shift.
(Fourth Embodiment) [0142] Next, a head-up display device for a vehicle 30
incorporating the imageprojector according to any one of the first to third
embodiments with reference to FIG. 11. [0143] The head-up display device 30
is provided inside a vehicle, and mainly comprises a projector 31 and a
wind shield 32 which reflects light from the projector 31. [0144] The
projector 31 is any one of the image projectors according to the first and
third embodiments, and projects an image onto a predetermine position in
the optical axis direction. The projector 31 is disposed so that its
optical axis (emission direction of the light source 11 or the light
sources 11a to l ie) is 



directed to the wind shield 32 and the wind shield 32 reflects light in a
direction to the head of a driver 33. [0145] The wind shield 32 without
coating has reflectance of about a few % as a glass surface reflectance to
be able to reflect light enough to project an image. Since it includes a
partial reflective face 32a to reflect a light beam from the light source
11 (Ha to l ie) and shows an improved reflectance, the projector 31 can
form images with lower illuminance of the light source. For improving the
reflectance, the partial reflective face 32a can include a thin metal film,
a dielectric multi layer or the like by coating or vapor deposition.
Alternatively, the partial reflective face 32a can include a microstructure
which can be formed by coating a resin on a target area and imprinting the
area by a known technique. In addition, the microstructure can be directly
formed in a mold of the wind shield. It is preferable to configure the
partial reflective face 32a to efficiently reflect only a light beam with a
specific wavelength, especially when the light source is a laser or an LED
emitting a monochrome light beam in a relatively small bandwidthas in the
above-embodiments. This can enhance contrast and visibility of projected
images. Further, by use of a laser for the light source, it is able to
increase the freedom of designing the layers and microstructure with the
polarization selective characteristic. The partial reflective face 32a can
have ambient light transmit therethrough and reflect a light beam from the
light source 11 to the eyes of the driver 33 in a driver seat. [0146] The
partial reflective face 32a is provided inside a vehicle so that the above
layers or the microstructure can be protected from wind or friction with 



windshield wipers. Further, providing a reflection preventive layer on the
outer face of the windshield in a corresponding position to the partial
reflective face 32a makes it possible to suppress reflection from the outer
face, prevent formation of overlapping images and improve quality of
projected images. [0147] By driving the projector 31, a light beam is
emitted to the partial reflective face 32a and reflected thereby to the
direction of the eyes of the driver 33. At this time, a virtual image Vi is
formed at the front of the wind shield 32. The driver 33 sees a projected
image by the partial reflective face 32a as the virtual image Vi. [0148]
The fourth embodiment describes as an example the head-up display device 30
(FIG. 11) which reflects a light beam from the projector 31 by the partial
reflective face 32a to project an image on the front of the windshield as a
virtual projection plane. However, the present invention is not limited to
such a configuration. The head-up display device can be configured in any
manner as long as it incorporates the image projector according to any one
of the first to third embodiments. For example, it can be configured that
the projector 31projects an image on a screen (screen Sc) provided above an
instrument panel (dashboard), and the driver 33 sees the projected image
via the partial reflective face 32a. In this case, a virtual image of the
image projected on the screen is seen at the front of the wind shield 32.
Another example is that an image is directly projected on the partial
reflective face 32a of the wind shield 32. [0149] Furthermore, according to
the vehicle head-up display device 30, the 



projector 31 can be an image projector IC according to the following fifth
embodiment in addition to the image projector according to any one of the
first to third embodiments. (Fifth Embodiment) [01 50] Next, an image
projector 1C according to the fifth embodiment is described with reference
to FIG. 23. The image projector 1C includes a beam splitter to allow the
incidence angle f (see modification of the first embodiment) of light on
the mirror portion to be almost zero. The structure of the image projector
1C is basically the same as that of the image projector IA in the second
embodiment, so that the same components and functions are given the same
numeric codes and a detailed description thereon is omitted. Note that FIG.
23 omits showing the control unit 20 (control unit 203) for the sake of
simplicity. [01 51] The image projector 1C includes an optical scan unit
1OC which comprises a beam splitter 50 and a focus lens 51 between the
optical deflector 13 and the deflection angle conversion element 14. In the
optical scan unit 1OC, the light source 11a emits linearly polarized
divergent light with a center wavelength of 640 nm, the light source l i b
emits that with a center wavelength of 530 nm, and the light source l i e
emits that with a center wavelength of 450 nm. The divergentlights are
converted into substantially parallel lights by the divergent light
conversion elements 12a, 12b, 12c, respectively, and they transmit through
the optical path combiner units 16a, 16b and are directed to the beam
splitter 50. [01 52] The beam splitter 50 is comprised of a prism including
a polarization 



separation film 50a and a phase plate 52. The polarization separation film
50a works for polarization separation and is set to reflect the linearly
polarized parallel lights with the center wavelengths of 640, 530, 450 nm
from the optical path combiner units 16a, 16b. The phase plate is made of a
plane l/4 plate to help the polarization separation of the polarization
separation film 50a. The prism of the beam splitter 50 is made of a glass
material with a high refractive index; therefore, it allows a light beam
deflected by the optical deflector 13 to be incident at a constant angle
onto the polarization separation film 50a. [01 53] In the fifth embodiment,
a glass material SFI l manufactured by SCHOTT AG (refractive indexes n640 =
1.77778 1, n530 = 1.795226, n450 = 1.819054) is used for the prism of the
beam splitter 50. The beam splitter 50 including the phase plate 52 is
formed in a cube with sides of 4 mm. The polarization separation film 50a
is inclined at 45 degrees relative to the phase plate 52 and it has the
same refractive index as that of the beam splitter 50. The beam splitter 50
is disposed so that the polarization separation film 50a reflects linearly
polarized parallel light from the optical path combiner units 16a, 16b in a
direction coincident with a perpendicular line of the phase plate 52. The
parallel light reflected by the polarization separation film 50a are
converted into circular polarized light by the phase plate 52. In the
traveling direction of the converted parallel light the focus lens 51 is
provided. [01 54]The lens face of the focus lens 51 has an aspheric shape
expressed by the formula (1) in the first embodiment and center thickness
thereof is 1.8 mm. The focus lens 51 makes the circular polarized parallel
light into the circular polarized 



convergent light. The optical deflector 13 is provided in the traveling
direction of the circular polarized convergent light to face the focus lens
51. The circular polarized convergent light is deflected by the mirror
portion 13c rotating in a predetermined angle range to be incident on the
focus lens 51 again, and incident on the phase plate 52 and the beam
splitter 50. Through the phase plate 12, the circular polarized convergent
light is converted into linearly polarized light with a phase 90 degrees
rotated relative to that of the linearly polarized parallel light reflected
by the polarization separation film 50a. Thereby, the incident convergent
light transmits through the polarization separation film 50a again. The
deflection angle conversion element 14 is provided in the traveling
direction of the convergent light and has an xy polynomial aspheric shape
which is a free-form, rotationally asymmetric face expressed by the
following formula (3) in the orthogonal coordinate system in which the
optical axis direction from the optical deflector 13 to the deflection
angle conversion element 14 is + Z-axis direction. The center thickness
thereof is 2 mm. h2 x2+y2 where SQRT(Q) represents square root of Q, z
represents a sag of a plane parallel to the Z axis, c represents paraxial
curvature (c= 1/r where r is curvature radius), k is a conic constant, and
Cj is a coefficient of xmyn (Cl = k). [0155] The focus lens 51 includes a
first face 51a facing the optical deflector 13and a second face 51b facing
the beam splitter 50 (phase plate 52). Data on the first and second faces
51a, 51b is shown in the following table 11. Also, the deflection angle
conversion element 14 includes a first face 14a facing the beam splitter 50
and a second face 14b on the opposite side. Data on the first and 



second faces 14a, 14b is shown in the following table 12. In the tables 11,
12 "E-On"signifies 10L Table 11 Table 12[01 56] In the fifth embodiment,
the focus lens 51 and deflection angle conversion element 14 are made of a
glass material BK7, by SCHOTT AG (refractive indexes n640= 1.5 14846, n530
= 1.5 19584, n450 = 1.525320). A distance between the beam splitter 50 and
the focus lens 51 on the optical axis is 0.2 mm and that between the focus
lens 51 and the optical deflector 13 (mirror portion 13c) is 0.5 mm and
that between the beam splitter 50 and the deflection angle conversion
element 14 is 1.5 mm. In view of downsizing the image projector, the
divergent light conversion element 12 and beam splitter 50 should be
preferably disposed close to each other. [01 57]An optical scan unit 1OC is
described for comparison with the optical scan unit 1OC with reference to
FIG. 24 which also omits showing the control unit 20 (control unit 203) for
the sake of simplicity. The optical scan unit 1OC is the same as the
optical scan unit 1OC except that it does not include the beam splitter 50
and the distance between the focus lens 51 and the deflection angle
conversion element 14 is 2.2 mm. This is to narrow the spot size
appropriately without the beam splitter 50. Further, a reflective face 50b
having an equivalent polarization separation to that of the polarization
separation film 50a and the phase plate 52 of the optical scan unit 1OC is
provided. [0158] The optical scan units 1OC, 1OC in FIGS. 23, 24 are both
designed to focus 



a light beam at a position 205 mm away from the second face 14 of the
deflection angle conversion element 14. FIGS. 25A, 25B show spot diagrams
on an image plane when the optical deflectors 13 of the optical scan units
1OC, l OCare rotated around the x axis at 5 degrees, respectively. [0159]
In FIG. 25A, the optical scan unit 1OC forms spots of the three colors (R,
G, B) at almost the same position while the optical scan unit 1OC forms the
same at different positions. Accordingly, the optical scan unit 1OC
including the beam splitter 50 can correct color aberration. [0160] The
deflection angle conversion element 14 is a lens having negative power and
refracts a light beam from the inclined optical deflector 13 to be
divergent (emitted in a direction away from the optical axis). It refracts
incident light with a shorter wavelength more greatly. This is conspicuous
in the optical scan unit 1OC . In contrast, in the optical scan unit 1OC
including the beam splitter 50, the beam splitter 50 splits an incident
light beam in accordance withthe wavelength, and emits a light beam with a
shorter wavelength in a direction to approach the optical axis. [01 61] As
described above, the optical scan unit 1OC can reduce color aberration
since the characteristics of the beam splitter 50 and the deflection angle
conversion element 14 are set with a difference in the refractive index of
light beams with different wavelengths taken into account. [0162] With use
of the beam splitter 50, it is possible to set the incidence angle f 



of light on the mirror portion 13c to zero in the optical scan unit 1OC so
that it can be free from image deformation due to the incidence angle.
[0163] Next, an image projector ICt as a modification of the image
projector in the fifth embodiment is described with reference to FIG. 26.
In the image projector ICt a deflection angle conversion element 14t5 is
comprised of plural lenses (two in the present embodiment) made of
different glass materials from each other. The structure of the image
projector ICt is basically the same as that of the image projector 1C in
the fifth embodiment, so that the same components and functions are given
the same numeric codes and a detailed description thereon is omitted. Note
that FIG. 26 omits showing the control unit 20 (control unit 203) for the
sake of simplicity. [0164] The deflection angle conversion element 14t5
includes a first lens 14A and a second lens 14B. The first lens 14A is made
of a glass material LaF2 by HOYA Co. Ltd. (refractive indexes n640
1.740080, n530= 1.749756, n450= 1.762083). The first lens 14A includes an
aspheric first face 14Aa facing a beam splitter 50t5 and a spherical second
face 14Ab. Data on the first and second faces are shownin the following
table 13. Table 13 [0165] The second lens 14B is made of the
above-mentioned glass material SFI l by SCHOTT AG. The second lens 14B
includes a spherical first face 14Ba facing the first lens 14A and an
aspheric second face 14Bb. Data on the first and second faces are shown in
the following table 14. 



Table 14 [0166] In the image projector ICt, optical data and sizes of the
beam splitter 50t5 and a focus lens 51t5 are different from those in the
image projector 1C of the fifth embodiment. [0167]The beam splitter 50t5 is
comprised of a cubic prism with sides of 5 mm made of the glass material
SFI l by SCHOTT AG and a phase plate 52t5 in thickness of 0.5 mm. The phase
plate 52t5 has refractive indexes of n640 = 1.5 15, n530 = 1.520, n450 =
1.525. [0168] The focus lens 51t5 is made of the above-mentioned glass
material BK7 by SCHOTT AG and has an aspheric shape expressed by the
formula (1) in the first embodiment. The center thickness is 1.8 mm. The
focus lens 51t5 includes a first face 51ta facing the optical deflector 13
and a second face 5Hb facing the beam splitter 50t5. Data on the first and
second faces are shown in the following table 15. In the table 15
"E-On"signifies 10 n . Table 15 [0169] FIG. 27A shows a spot diagram on an
image plane when the optical deflector 13 is in the reference position
(stationary position, rotation angle = 0, sway angle = 0) in the optical
scan unit lOCt, while FIG. 27B shows the same when the optical deflector 13
is rotated at 15 degrees (sway angle = 15 degrees) around one of the axes. 



[0170] In FIG. 27A spot positions of the R, G, B colors are almost
coincident witheach other when the optical deflector 13 is not rotated, and
in FIG. 27B they are in a very small area near the center of the image
plane. As seen from FIGS. 27A, 27B, by use of the deflection angle
conversion element 14t5 comprised of the first and second lenses 14A, 14B
made of different glass materials, the optical scan unit lOCt can reduce
color aberration. It is preferable that a glass material or optical data of
the first and second lenses 14A, 14B are optimally selected or set with the
beam splitter 50t5 or other optical elements taken into consideration.
Further, although not shown in the drawing, when the optical deflector 13
is rotated at 15 degrees (deflection angle q = 30 degrees), the scan angle
a of a light beam having passed through the deflection angle conversion
element 14t5 is about 45 degrees. Accordingly, it is confirmed that the
deflection angle conversion element 14t5 can have deflection angle
converting (enlarging) function. [Sixth Embodiment] [0171] A mobile phone
40 incorporating the image projector according to one of the first to third
and fifth embodiments is described with reference to FIGS. 28A, 28B. FIG.
28 is a side view of the mobile phone 40 on a plane for example while FIG.
28B shows the mobile phone 40 of FIG. 28A seen from the arrow A. [01 72]
The mobile phone 40 according to the sixth embodiment comprises a phone
body 4 1 with a key manipulation part 41a, a cover portion 42 including a
not-shown screen display, and a shaft 43 rotatably connecting the phone
body 4 1 and the cover portion 42. Although not shown in the drawings, the
mobile phone 



40 has a folded (closed) state in which the phone body 4 1 and the cover
portion 42 are in parallel to each other, and an open state in which the
phone body 4 1 and the cover portion 42 are away from each other at a
predetermined angle. [01 73]In the mobile phone 40, the cover portion 42
includes a projector 44 which is comprised of the image projector according
to the present invention and projects images on a predetermined position in
the optical axis direction. In the present embodiment, the projector 44 is
configured to project an image 46 on a plane 45 on which the mobile phone
40 in the open state (the cover portion 42 is perpendicular to phone body 4
1) is placed. [0174] The optical axis direction Lb (emission direction of
light source 11 or light sources 11a to l ie) is inclined relative to the
plane 45 so that light is directed from the top face 42a of the cover
portion 42 standing on the plane 45 to the plane 45. [01 75] Images
projected on the plane 45 by the projector 44 in the same manner as in the
above embodiments may have trapezoidal deformation (46' indicated by chain
double-dashed line in FIG. 28B) because the optical axis Lb is inclined to
the plane 45. The trapezoidal deformation can be corrected as follows.
[0176] The size of the mobile phone 40 and the position of the projector 44
in the mobile phone 40 are predetermined. Therefore, a distance from a
light emitting point of the projector 44 (deflection angle conversion
element in the above embodiments) to the projection plane or their
positions can be determined based 



on settings of a projector mode of the mobile phone 40 and a positional
relation between the mobile phone 40 and the projection plane. In the
present embodiment, the position of an image to be projected on the plane
45 is determined based on the distance from the light emitting point of the
projector 44 to the plane 45, the incidence (projection) angle of the
optical axis relative to the plane 45, and the position of the phone body 4
1 on the plane 45. Accordingly, itis able to know in advance how much an
image is deformed trapezoidally on the plane 45 relative to a proper
rectangular image 46. In the mobile phone 40 spot positions based on image
data are corrected to form the proper rectangular image 46 based on the
original image signal. The deformation correction in the mobile phone is
performed in the same manner as in the third embodiment so that a detailed
description thereon is omitted. [01 77] In the projector mode of the mobile
phone 40, the phone body 4 1 is placed in a predetermined manner (in the
open state in the present embodiment) to project an image onto a desirable
place (plane 45). The mobile phone 40 projects the image 46 on the plane 45
according to a light beam from the light source 11 ( 11a to l ie). By
incorporating the image projector according to the present invention which
can perform close range image projection, the mobile phone 40 can project a
large image on the plane 45, for example, an A4 size image in a range of
about 240 mm from the deflection angle conversion element 14. With use of a
currently popular mobile phone in an average size as the mobile phone 40,
it is very easy to set a distance from the light emitting point of the
projector 44 to the plane 45 in the optical axis direction (or shortest
distance from the emitting point to a projected image) to about 240 mm or
more. Accordingly, the mobile phone 40 



can project good large images in at least about A4 size on the plane 45
without trapezoidal deformation. Thus, the mobile phone 40 can provide a
very useful projector function to project about A4 size images on, for
example, a desk on which it is placed. [0178] Further, the projector 44 of
the mobile phone 40 can improve visibility of large projected images in the
very close range owing to the inclination of the optical axis direction Lb
relative to the plane 45. This is because with the opticalaxis direction Lb
inclined to the plane 45, the mobile phone 40 can be placed in a position
outside viewers' fields of vision while they see a projected image. Whereas
with the optical axis direction Lb perpendicular or almost perpendicular to
the projection plane, the mobile phone 40 blocks viewers' fields of vision.
[0179] In the mobile phone 40 according to the sixth embodiment, the phone
body 4 1 is placed in the open state for projecting an image on the plane
45, however, the present invention is not limited thereto as long as the
projector function can be performed in a predetermined state for a
desirable projection plane. The projection plane of the mobile phone does
not have to be the plane on which it is placed, and it can be a screen
hanging on the wall, for example. Also, in this case, it is possible to
project large size images even in a very close projection range. [01 80] As
described through the above embodiments, in the optical scan unit according
to the present invention, the deflection angle conversion element has
negative power to convert the deflection angle of a light beam deflected by
the 



optical deflector into a larger scan angle. Accordingly, even with use of a
rotatable mirror with small amplitude, it is possible to widely scan with a
light beam irrespective of the upper limit of the amplitude and project
images in a very close range. [01 81] Further, the deflection angle
conversion element can be made of a single lens so that it makes easier to
downsize the optical scan unit scanning at high field of angle,
contributing to downsizing the projector incorporating the optical scan
unit. [01 82]Further, the deflection angle conversion element can be
comprised of plural lenses made of different glass materials. This makes it
possible to reduce color aberration of color images formed by use of plural
light sources and provide an image projector which can form images in high
quality without color shifts. [01 83] The optical deflector is comprised of
the first deflector portion and the first deflector portion integrated with
each other. This enables downsizing of the optical deflector, leading to
downsizing the entire optical scan unit. [01 84] Further, the optical
deflector includes a mirror portion rotatable by the first and second
deflector portions and the incidence angle of a light beam having passed
through the divergent light conversion element relative to a normal line of
the mirror portion is set at 45 degrees or less. This can reduce image
deformation due to the magnitude of the incidence angle. [01 85] 



Further, the optical scan unit includes the rotatable mirror portion and a
beam splitter so that it can reduce color aberration of color images formed
by use of plural light sources and generate images without deformation due
to the magnitude of the incidence angle. Accordingly, it is possible to
provide an image projector which forms color images with high quality
without color shifts. [01 86] Further, according to the present invention,
the larger the deflection angle of the optical deflector, the larger the
scan angle. Because of this, even with use of a rotatable mirror portion
with small amplitude, it is possible to widely scan with a light beam
irrespective of the upper limit of the amplitude and project images in a
very close range. Also, it is possible to maintain a constant scan speed in
a longer time so as to correct image deformation and unevenness
inbrightness. [0187] Further, according to the present invention, the
divergent light conversion element and the deflection angle conversion
element each include lens faces rotationally symmetric around the optical
axis. This facilitates the machining and assembly of the divergent light
conversion element and the deflection angle conversion element because
manufacture error and assembly error thereof can be set to a large value.
[01 88] Further, the deflection angle conversion element can be a
rotationally asymmetric lens so that it helps reduction in deformation or
distortion of images on a projection plane projected with an inclined
optical axis. It is also possible to improve quality of the spots such as
the spot size and spot intensity. 



[01 89] According to the present invention, the deflection angle conversion
element includes at least one aspheric face. Because of this, it can emit a
light beam at a larger scan angle without enlarging the spot size on the
projection plane. [0190] According to the present invention, the image
projector incorporating the above downsized optical scan unit can project
large images with little deformation in a very close range. It can control
the light emission timing or amount of the light source and project good
images on a projection plane with little trapezoidal deformation, color
shifts, and unevenness in brightness without a decrease in image
resolution. [0191] Further, according to the present invention, the vehicle
head-up display incorporating the above downsized image projector can form
large images in avery close range and provide good images with high
visibility to a driver. [01 92] Further, the downsized image projector of
the vehicle head-up display can perform the close range projection so that
it can be placed in various areas of a vehicle. [01 93] According to the
present invention, the mobile phone incorporating the above image projector
can project good large images in a very close range without increasing the
size thereof and provide them at high visibility to users. [0194] Although
the present invention has been described in terms of exemplary 



embodiments, it is not limited thereto. It should be appreciated that
variations may be made in the embodiments described by persons skilled in
the art without departing from the scope of the present invention as
defined by the following claims.CLAIMS 1. An optical scan unit (10)
comprising: a light source ( 11); a divergent light conversion element (12)
having such positive power as to convert divergent light from the light
source ( 11) into convergent light to form a spot on a projection plane
(Sc); an optical deflector (13) deflecting light from the divergent light
conversion element (12) in a first scan direction and a second scan
direction which is orthogonal to the first scan direction; and a deflection
angle conversion element (14) having such negative power as to convert a
deflection angle of the light deflected by the optical deflector ( 13). 2.
An optical scan unit (10) according to claim 1, wherein the deflection
angle conversion element (14) is made of a single lens. 3. An optical scan
unit (10) according to claim 1, wherein the deflection angle conversion
element (14) is made of a plurality of lenses formed of different glass
materials. 4. An optical scan unit (10) according to claim 1, wherein: the
optical deflector (13) is comprised of a first deflector portion ( 13a)
which deflects light from the divergent light conversion element (12) in
the first scan direction, and a second deflector portion ( 13b) which
deflects light from the divergent light conversion element (12) in the
second scan direction; and 



the first and second deflector portions ( 13a, 13b) are integrally formed.
5. An optical scan unit (10) according to claim 4, wherein: the optical
deflector ( 13) includes a mirror portion (13c) which is rotatable by the
first and second deflector portions ( 13a, 13b); and an incidence angle of
traveling light emitted from the light source ( 11) and transmitting
through the divergent light conversion element (12) relative to anormal
direction of the mirror portion (13c) is set to be 45 degrees or less in
the first and second scan directions. 6. An optical scan unit ( 10)
according to claim 4, further comprising a beam splitter (50) between the
optical deflector (13) and the deflection angle conversion element (14) to
make a traveling direction of light emitted from the light source ( 11) and
transmitting through the divergent light conversion element (12) coincide
with a normal direction of the mirror portion (13c) in a reference position
in the first and second scan directions, wherein the optical deflector (
13) includes a mirror portion (13c) which is rotatable by the first and
second deflector portions (13a, 13b). 7. An optical scan unit ( 10)
according to claim 5, wherein: the optical deflector ( 13) is comprised of
an optical vibration element which reciprocatively moves around a support
shaft in the first and second scan directions; and where a referential
optical axis is a traveling direction of light deflected by the optical
vibration element when the optical vibration element is in a reference
position, a deflection angle q is an angle of traveling light deflected by
the optical deflector relative to the referential optical axis, and a scan
angle a is an angle of traveling light converted by the deflection angle
conversion element relative to the 



referential optical axis, the deflection angle conversion element converts
a deflection angle of incident light having passed on the referential
optical axis (Lb) so as to satisfy q = a, and converts a deflection angle
of incident light not having passed on the referential optical axis (Lb) so
as to satisfy q < a. 8. An optical scan unit ( 10) according to claim 6,
wherein: the optical deflector (13) is comprised of an optical vibration
element which reciprocatively moves around a support shaft in the first and
second scan directions; andwhere a referential optical axis is a traveling
direction of light deflected by the optical vibration element when the
optical vibration element is in a reference position, a deflection angle q
is an angle of traveling light deflected by the optical deflector relative
to the referential optical axis, and a scan angle a is an angle of
traveling light converted by the deflection angle conversion element
relative to the referential optical axis, the deflection angle conversion
element converts a deflection angle of incident light having passed on the
referential optical axis (Lb) so as to satisfy q = a, and converts a
deflection angle of incident light not having passed on the referential
optical axis (Lb) so as to satisfy q < a. 9. An optical scan unit ( 10)
according to claim 1, wherein the divergent light conversion element (12)
and the deflection angle conversion element are rotationally symmetric
lenses. 10. An optical scan unit (10) according to claim I wherein the
deflection angle conversion element (14) is a rotationally asymmetric lens.
11. An optical scan unit (10) according to claim I wherein at least one
face of the deflection angle conversion element (14) is formed 



in aspherical shape. 12. An optical scan unit ( 10) according to claim I
wherein an optical axis direction from the optical deflector (13) to the
deflection angle conversion element (14) is inclined relative to a
projection plane which is two-dimensionally scanned with light deflected in
the first and second scan directions by the optical deflector ( 13) and
emitted via the deflection angle conversion element (14). 13 . An image
projector (1) comprising: the optical scan unit (10) according to claim 1;
and a control unit (20) controlling the optical scan unit ( 10), whereinthe
control unit (20) comprises a light source control circuit (22) which
controls light emission of the light source ( 10), a deflection angle
control circuit (21) which controls a deflection angle of the optical
deflector (13), and an image processing circuit (26) which appropriately
corrects acquired image data and outputs corrected image data to the
deflection angle control circuit (21) and the light source control circuit
(22). 14. A vehicle head-up display device (30) comprising the image
projector (1) according to claim 13. 15. A mobile phone (40) comprising the
image projector (1) according to claim 13. 




