OPTI CAL SCAN UNI T, | MAGE PRQJECTOR | NCLUDI NG THE SAME, VEH CLE HEAD- UP
DI SPLAY DEVI CE, AND MOBI LE PHONE Technical Field [0001] The present

i nvent i onypebai@s;7s0 an optical BESGRIBTIOAhd an irmmge pegiipsidnsiric! udi ng

two- i nensiOREIC g A, K rafedth sk Taed s NGBl g A MEani ng

with a light beam by use of an optical deflector and which is suitable to
be mount ed | n EBRGHE BiAD &) BI1 S A YaBE I B ubNAMA RIS PHQNEne or

vehi cl e head-up display. Background Art [0002] Heretofore, an image

proj ector has been w despread, which conprises an illum nation system
including a light source, a spati al light nodul ator nodul ating intensity of
light fromthe illum nation systefechmdah Felsi ecti on | ens i magi ng the |ight
nodul ated with the spatial |ight nodulator. There has been an increasing
demand [fod01downsi zi ng of the inmage projector. [0003] Also, as a light
source, an LED and an LD (Il aser di ode) have been popul ar, and a small-size

el ectroni ¢ dephe preseab i@seriti oW béllae PIOAE of Tplﬂﬁﬁﬂ @emhmngaﬁman RGN r@)j €6t
has been devel oped. [0004] Another kind of image projector using an optical

scan Url'nklﬁtﬁ%gbﬁl%nszﬁﬁ@po%ﬁq)arh@ulaﬂ' $t Pé’lta't&ﬁ'to %ﬁaﬁnégﬁ broﬁ@td}pwh?éﬁ creates
defl ector two-dinensionally deflects a light beamfroma |light source to

two- di ngnsieRRhL Y St #hage PR £6F4j@Btion plane by two-dimensionally scanning with

a light beam by use of an optical deflectof 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,
aﬁd 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.



pl ane with spots and form a two-di nensional inmage using afterinage
ef fects. Such an optical scan unit adopts a polygon mrror, a galvano
mrror, MEdBooemdres manufactured by MEMS (M cro El ectrecvbemanocart Syst em

t echnol , .ar ike for. an, optical fl ect.or deflegtin .| i.gh

from ¢ ram gt obSehetp ot Ragly (rpofiBon Fhidton 4 ivhEE AingbEoMEFRL,
proj ected.i nages ha vari o i.nds of def tion ue to.the

Poor o i B ihanedasrag 0w HPE A S5 EpsigS HeERan o v omf otinolpedmp: s
have been e. [0006] One exanple. .ig an optj.cal scan_system.as an

f-ar csi%éhgelﬂ%g&i ﬁngmwiﬁeﬁ?gﬁqryd%ﬁwﬁ%m fegghasémt OB Hhe h&ht STt
speed scanni ng and correct inmage deformation, as disclosed in Japanese
UnexanilA885Pat ent Application Publication No. 2006- 178346 (Reference 1)
for exanple. [0007] Another exanple is an optical scan system having a
rotational | y Sashnemtoptical efichaceniy ehdsaa problemr thag tproj egied oingrgesdefayr haxe ons
or TV distortions, as disclosed in Japanese Unexam ned Patent Application
Publ i catairasNaoind20obd efddmebfionsRbiet@tioe tRp-dimemsianpl ecafrifg@s] 3$hiview of
anot her exanple is an optical correction systemas a columar lens with a
concavsol viag thtis phoblent ecdrsoun ettempes hava Heenghtdess of an i mage caused by
scan angles, as disclosed in International Patent Application Publication

No. WO[B006] 083493 (Reference 3) for exanple. [0009] There is an increasing
demand for an inmage projector nmounted in a

One example is an optical scan system as an f-arcsine 0 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 corre.cts 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 démand 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 only



smal | -size el ectronic device as a nobile phone to performa close range
projection in which larger two-dinensional imges are fornmed in a very
cl ose ramnge 2brommt/Be device to a projection plane. The etwgemangerl

proj ectj Iy rti rojectiqn e prt nal to
B ot avelerHsh LR EE o ontd HER GEhe BORHCRL Aot e G BRI R JRRRI
proj ec S|onal 62 on | ane on which.a nobile phone
50°) < pieiafean g potiate taRee PR e grofaelin & 1o, él%ﬁfﬂogaﬂﬁ%%i on'a
|ncorporat an i projector as n ultraco rol ngi ne. The

| mge’ Bero e g MR ahmobgS et aBts RIS T eaiowRan Bk A der e gaIc

i mages onthe plane6 and to be an optical systemvmthrelatlvelys Ie
struct e URPPKE ®hesei 90 HBCRFRYATES tami KMAGE CRIPIFEHRTsBF uBPUrBLIAROT

m niaturization. [001 0% However, there is a limtation to the deflectlon
angl e @rofectinn epginsal dbeliseags Proiectereds iTfAQRITREND bevakle &r praiedti geod For
exanpl e, at the maxi num defl ection angle q of the optical deflector being 8
degreeswoadhnamsiangl a@nufges longlthe bpkamewilll apd tdcbeegn eeptisal tdystem with
obtai nable inmages are limted to ones wth total angle of field of 32

degr eegelatovdl prsimphe Atrusture pnlokeoned innthgeprust ag with apbmydex deflctateoin

the small-size electronic device will need a |ong distance over 50 cm [001
1] Thendéarsf mihiateripgtieasary to deflect a |ight beamat an increased angle
with the optical deflector in order to achieve the close range projection
in thegptogal scan unit which two-di mensionally scans. [0012] However, the-
optical scan systens disclosed in References 1 and 2 are so

However, there is a limitation to the deflection angle 6 of the optical
deflector included in a MEMS device or the like. For example, at the maximum
deflection angle 0 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.

[0011]

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 th.ey are not suitable for small-size electronic
devices as a mobile phone. Théy 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 a



conplex and | arge structures that they are not suitable for small-size

el ectroni c devices as a nobile phone. They are not suitable for achieving
si ze redusbi2on/@Ad3cl ose range i nmage projection at the samaprtiomes12§10013]
Furt her he. opti cal scan, system di sclosed in Reference 3 corrects

adet | ectafls it rREly of GRRTD RAKE Sl SEtnrPepRetP Rt ARt B LiEq mgRe

pl ane (projection plang) for the purpose.of achieving uniform brightness

i st ri BREPISSLIORORIARS) 1o theaPHEPass af Shieeing, UREAER BTt @&ﬁﬂu&}y&em
which is able to project _a |large image on a plane in a very close range.
Di scl oddeweyer.t Kelailsy tntdisplopgoautteash ghrampast scre prée@ntvhiph dst bl e to
provide an optical scan unit which realizes a |arge scan angle using an
opt i calpr@igdtecltasee winageoms agilpneén |aceetiyoplogagragean i nage proj ector which
can project |arge two-dinensional imges in a very close range, and a
vehi cl e head-up di splay and a nobil e phone incorporating the inmage
projector. [001 5] According to one aspect of the present invention, an
optical scan unit conprises dik¢clgpBuirsolithe;Inaeniiver gent |i ght conversion

el enment havi ng such positive power as to convert divergent light fromthe

| i ght qognag into convergent light to forma spot on a projection plane; an
optical deflector deflecting light fromthe divergent |ight conversion

el ement to a Ad bbjedt Nt prreEAPTAIEich $£E0PdopiERNarlopeichi 80aminehwhsch
orthogonal to the first scan direction; and a deflection angle conversion

el ement . HRYLAY 194N IR 'l}éehdf?ﬁgg"n Ftit A FANVELE vA 1K &S Jreslll | dRP RPBrCa 1ef he

| i ght deflected by the optical flector. The positive power refers to
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. |
[0015]
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
ang'le 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.



such lens power as to convert parallel light into convergent |ight while
the negative power refers to such I ens power as to convert parallel |ight

into di vexgesiodibght. [0016] In one features of the aboyeraprpsheizihe
deflec%b§q7ingle conversion element is made of a single lens.[0017] In the
tu

ot her f es of the above aspect, the deflection angle conversion el enent
Is made of a plurality of Ienses forned of different glass materials. [001
8] In the ot Hertheeathsr eabires i Hisoleo v gepect. ithe dafl§tian gaglegeppyersion
conprised of a first deflector portion which deflects Iight fromthe

di ver gedemieng s mastevef sipdnralitynedntenisas fpemeil roft difkerantighasstmaterialpd a
second deflector portion which deflects |ight fromthe divergent |ight
conver 06 8¢l enent in the second scan direction; and the first and second
deflectors are integrally formed. [001 9] In the other features of the
above aspect Intthe aptr €edtuckf b theoabowne hspled, gheroptical deflector mtnoahpiised
rotatable by the first and second defl ector portions, and an incidence

angl e hataveiest defloctorlpodtivackhivh aéfleds Inghiv fronpehid dbrergeqlt Hght avabémngon
direction of light emitted fromthe |ight source and transmtting through

the di wgegent ihitBBlfifANNANSIiPECISdRNERd a Sedtild HOfIBEtoASPSIRIIIEGMiOR defRstts N
the first and second scan directions. [0020] In the other features of the

Sﬁfﬁﬁ?ﬁ‘?‘%‘ﬂ fife eﬁreirg@ﬁt BERDCHN drst 3l bIhe FOMPIHS S ARAR BREEESE and
ptical deflector and the deflection angle

the first and second deflectors are integrally formed.

[0019]

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.

[0021]
In the other features of the above aspect, the optical deflector is comprised

of an optical vibration element which reciprocatively moves around a support



conversion elenent to make a traveling direction of light emtted fromthe
| i ght source and transmtting through the divergent |ight conversion
el ement ocwonoiodaomwsth a normal direction of the mrror porlPmIN/HEI2A

reference.posiitign in the first and second an, directions and i.he optical
ot | ettt o B8t A PReond Shef dirdiian | o PBbSk abherog TefacplipleBRicaf
Seoone S et e B e Salid BL, HGmbpiER Shbt oS tERentn
whi ch i ti d tshaft in the fjrst d

Scan Ve 1R ePLEa) VHBRAM BGHERt rier E] AFn o POEHi Ot deFech o 3R g
direction of |ight deflected by the optical vibration elenment when the
opt i calisvareagiowietravehingi Hghh deflested diic dhpomntisadndeteefon| edatiga Wnghe q
is an angle of traveling light deflected by the optical deflector relative
t o t he reédrentinl baticeptaktnlangka scamnudgle gcarmmangtle of trevalingrigilet ofnverted
traveling light converted by the deflection angle conversion el enent

rel ati vy the défecttdprampie alonoptdiionlelemient reladivitefd tot refierantgdleogoaleasison
el enment converts a deflection angle of incident |ight having passed on a

r ef er erthe adefdgdticrblangké sonh@edsiohoeleaidmf yovertaa deflecyonearigieaotiéhdident on
angl e of incident light not having passed on the referential optical axis

so as tggigaidvihy passed on[ DA edtialt byeti O41NSNis fseadsUioesatdffytde dbauecaspats ,
t he divergent I1ght conversion el enent and the defl ection angle conversion

e STent S8Rt at gl e gl g Bled ol i, st bembptanL T
asymetdi; ¢ sb 8RS0 satisfy 0 < 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 featﬁres 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]



[0024] In the other features of the above aspect, at |east one face of the
defl ection angle conversion elenent is fornmed in aspherical shape. [0025]
I n the otwenofeembrses of the above aspect, an optical arcsgdrmecéizon from

the optical deflegtor. to the deflectipn, angle conversion el ement is.

ncl i ned rel ariAiatad 50 sty Asnceh ah dofbteRemto i EATI Nt FBREF RS isciRhea
with light deflecte in.éhe.éi rst anq second scan directions ?t:% tne o%t]ical
def | ectOMBHEELHG LRV iden il ed antical; ssAnaiyt @nddhyepERh gy eprirplling the

[ 0026] Accordi ng to .anot her, aspect of the present invention, an inmage .

pr o] ectUHICHMSANSHY Lt HBCERIBVIES| (VTS PRl CRPTdass §rc] tLﬁﬂ“trc%lﬁé?nérrI’?cﬁif‘?‘HF
unit controlling the optical scan unit, wherein the control unit conprises
a | i ghtwhislr eentéelstlight emissien offthedighyntaugrs. 2 idghlectignsyigde contrlcireuiht
source, a deflection angle control circuit which controls a deflection

angl e o¥hidhecorprolsad daBetdenanglend tha dpitapd dsflestesiang a1 image prpeessing
appropriately corrects acquired i nage data and outputs corrected i mage data
to the deduiecwhivh apptopreatety alorceats uladquanet titneglei déta sodira@epotmtcootected

circuit. [0027] According to still another aspect of the present invention,
a vehi dneagdeeddtaipo diheplieflecduncenglenpontred diheuiabone theldighitl sedrdemagetrol
projector. [0028] According to still another aspect of the present

i nvent i@pcuig, NMobi | e phone conprises the above-identified i mage projector.
Brief Description of the Draw ngs
[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 structuré 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 6)
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 a



[0029] FIG 1 schematically shows the structure of an image projector
according to a first enbodi nent of the present invention. FIG 2
schenat i cwbl2g1emhomws t he structure of an optical deflect @CT/JFi(ﬁs/oéiAnshows a

| i b,.a
Comver g6 b R YgRed S AR BBl cRe A bRk AR BV AP,
the referent| b g ti cal Lb when t he conve}y‘ig éght transmts through
the def I ect | BRCant S GBFARY IOKINE LABhEMGHRAETARE £5aRee b 8¢ P48 AT g

measured val ues with and wi t hout the deflection ngl e conv SI on, el erre t,
FI G 4Anslﬁﬁ%/6§°né’ecf?§ﬁgr€ ?tr‘tv%é‘érﬁ‘ P% ’(‘Hﬁftlﬁétﬁﬁt a%?t}ﬁé’)ft £ 9931%6%
change in scan speed, and FIG 4C shows achange in the scan speed obtai ned
fr om FEONVaBiey chomeat. st Figx 5 Rels a/arapdsshevme gre pamg qgr apkxshiasieng a sag
anount and a change in the sag anpbunt on an incidence face relative to a
radi us from FhE. 6ptahematically showhghdamagst pojeatnyl withondeffsrent wftandine
and FIG 5B is a graph showing the sane on an exit face. FIG 6
schemameambéy fromouke tome innBlf@ froj ector with a different reflective nenber
fromthe one in FIG 1. FIG 7 schematically shows the inage projector with
a different FeGl @cddhematbodiby showmthbe nodpespidjebEtdesSwith andfferedtl fltive
schematically shows an inmage projector according to a second enbodi nent.

FIG 9nsshpémbionilthy onleews AIGS."RgRJM.0j ector according to a third
enbodi nent. FIG 10 shows degradation in a color inmage on a projection
plane and a ¢@&r &ftdcRRmMRa8lyOshows 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 ¢ 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 11 schematically shows a vehicle head-up display device according to a
fourth enbodinent. FIG 12 shows a relation between a beam size on a mrror
porti on awmoa10ditvesgent |ight conversion elenent. FIG p8rsbhmosoqapti cal

pat hs obtain [ .SiJrul ation use .of an optinally design tical
system (opti Eg?' rs}cggﬁs uanictrf’.SS Iﬂeég%fﬂfsvéﬁgn’g?i %afltlfsgagh%vr\ée?%glggﬁr gg’t“ﬂ?r«gl% an
optical ;scan upit of nodi fication of the ipmag r oj,ect or agccordi to the
first EHBaRRERTNe Modiicabian of ieipes paisetorolprticdll Scan wiPrts G50 fo
nodi fication of the jmage projector at incidence angles f 0, 15, 30, 45,

60, 75thegeeend e Beely. FIG 16 shows how the spots in FIGS. 15A to
15F are forned. FIG 17 schematically shows the structure of an opti cal
scan unit of FAGndd 5 caatqress ofectivnal neige popetecmddivergieny kisht ronyeevnd
enbodinent. FIG 18 is a cross sectional view of a first divergent |ight
conver $poneleimandnef ghet modibitiatiomanifotheofimalge preigetqr ¢pptical scapt isd) &can
unit) according to the second enbodinent. FIG 19 is a cross sectional view
of a secondingi verthenseddmghtencbodienenti on el ement of the nodification of the
| mage projector (optical scan unit) a ccording to the second enbodi nent.

FIG 20 is aFiGo29® Beatdrosalscetiowabfview ofthcaptiet pathoodmbeteunnit of thde
nodi fi cation of the inage projector (optical scan unit) according to the

second meodigthiat®i of fthe imdade ipFofetbP{BpeiCe! isoa@ unit)Pucodrdinf oeUshd gBS0d
the nodification of the image projector (optical scan unit) according to

the secopsbamRedi nent. FIG 22 is a cross sectional view of a deflection
angl e conversion el enent

FIG. 21 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 to



of the nodification of the imge projector (optical scan unit) according to
the second enbodinent. FIG 23 schematically shows the structure of an
i mage proyecbmvoiargording to a fifth enbodinment. FIG 2#cyghammbéreal |y

shows gtk ieal scan unit for conparison with that of the inmage
pr oj ecﬁgF #gfééoe?@llg%%&?%n%t he fifth enbodi ment. FIGS. 25A, 25B show spot

di agrans on i e.plane when the opti.cal, deflectoy is rotgted by 5
Gegreas: ar outdCartoh Kptiy ViRE SheiBaPHIERASTIPE SBLeH SR TRINE A o Seh
enbodi nent and by t ne . in FIG. 24, respectively. Fl 26 schematically
shows t412bQ %ﬁd}tm@ §¥8a§8%pstlﬁoaﬁrh%ea%lﬁwﬁoa? 3 ilﬂ%‘ca%qrb o thnariage
projector according to the fifth enbodinent. FIG 27A is a spot diagramon
an i mag® pl ane when an optical deflector is in a reference position
(stationary position) rotated by O degree (anplitude = 0), and FIG 27B is
t he same whedIGhe2Dpthioves agefekempde bg a anebide phons idegrrmuwatingnphi tage =
15 degrees) in the nodification of the optical scan unit according tothe
fifth erbpetitoent. FIG 28A is a side view of a nobile phone on a pl ane
according to a sixth enbodi nent and FIG 28B show the nobile phone in FIG

28A seen fromthe arrow A. FIG 29 shows an exanple of a nobile phone
i ncorporating an i mage projector. Best Mdde for Carrying Qut the Invention

[0030] Hereinafter, entBektMote fof Qdieyipgeoanthe Myeaition w || be descri bed
in detail with reference to the acconpanying draw ngs.

[0030]

Hereinafter, embodiments of the present invention will be described in
detail with reference to the accompanying drawings.
[First Embodiment]
[0031]

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 6 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 positioh: 0 = o = 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 element

10



[ First Enbodinent] [003 1] FIG 1 schematically shows an inmage projector 1
according to the first enbodinent and FIG 2 schenmatically shows the
struct ur ewof20mmiopsi cal deflector 13 . In FIG 1 an anglreThetooeesn2a

princi ray, defl ected by i.he, opt.ical deflector 13 and a referential .
oot | cal Thelrdh §8nsBELE s teligRy BRgERon AT Pl Fmfedof a Vet ss
princiqﬁl giy having transmtted through a deflection angle conversion

el ementl9434nd the referenti al optical axis Lb is defined as scan angle a.
The referential optical axis.refers to a traveling direction of a principal
ray deflect ecﬂ'(er ﬁﬂiléépeb‘)e Bi 18 Rem@pP PREAM Bt FHIcTBIree 35 thasmiGRp Ayt o taser
deflector 13 is in the reference position (stationary position: q = a = 0)
as descymitiagl atd ljghdsbgamnwithe af Pm&eremmlmh,o{ 98 8i REydn pthsj present 1
conprises an optical scan unit 10 and a control unit 20. The optical scan
uni t 1CcmbodingerdonpFhe dighd doughe 14 cand eptital defliegtoydhtarkiqpnirabed éo simih

el ement (coupling lens) 12, an optical deflector 13 (optical vibration

el ementhy tlendomtrdeunéc2 0 desarihee la@aver si on el enment 14 whi ch constitute an
optical projection systemto project inmages on a Screen Sc. [0033] The
light s0084¢ 11 is a nonochronme |ight source as a sem conductor |aser
emtting a red light beamwith a center wavel ength of 638 nmin the present

enbodi ment . TR diwtgeapUiglt dolnv@rsiodPtien@éntded ligCdsiifiddredr & GaNE rPYsigdet O
emt by the control unit 20 described |ater. [0034] The divergent |ight

g_onver %&ﬂe@i@@@ﬂ{ierjt?diiv&%@ﬂfﬁ _ rﬁ@réﬁla@ﬁ:‘felm%iHeia}’r?P}?%‘fﬁi&tédofrféﬁml% light
i vergent |ight (hereinafter, Tight beam P} emtted fromthe Iight
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 supp‘orted 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 orthogonally
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source 11 into convergent light. That is, the divergent |ight conversion

el ement 12 converts a divergent angle of the light beamP fromthe |ight

source liwbeom/maorgergent angle so as to formspots S i rcaJpzeegdesierim ned
n Sc ' '

size on e s¢r . 035} The, optical . defl.ector 13 def])ects,. for. °
scannt Agatttso i TR Sppehy Bhaks b ChiSH 155 miRror Pafifone 35 GoFomied jipgh
conversgion element 12 in first. and.segcond sca i recgtions ich are

Do i HORGCaNEl £ csTOROBBHAC Hhs BRimObeREPO ALY o0 HAGS R apn g Srpme
directigns, are included in a projection plane (screen Sc) and in FIG 1
t hey arleq'balsdir?'@é?‘g dh %r‘t%HﬁBhé’llﬁt%“’c%ér%‘H&th@ Radeeftt HpRett hafss dde, for
vertical direction (see the arrowy) seen fromthe front, [0036] In FIG 2
t he optexémplaef (Que of thg ratanyl direetipns deshe first seayditactinn and tthgmthesas
(first deflector portion), a rectangular inner frame 13b (first deflector
porti orthe skeerd stamidikecttom.out er frame 13a, and a novabl e rectangul ar
mrror portion 13c placed inside the inner frame 13b. The mrror portion
13c indP088k a mrror face reflecting a Iight beamand is rotatably
supported by the inner frame 13b via a pair of support shafts 13d. The

inner frane $3bhisn optidbhbldefletippdBt egh by ddmrpogeéroff 4 &k wiBMEMS anfrabt of
support shafts 13e which extend orthogonallyrelative to the support shafts

13d. Thysde bheilitsh Qrysand.i OFoﬂ-%&ahgnlé,Oi@TtEi% MEM She¥itroeNtied nilirf@Chbalon
around the pair of support shafts 13d while the inner frame 13b is rotated

in a venll Gl ifldraeineMN 3 QKo rinéd RBbVe Phe DURRH bf 3NA{conl39stdl Yubltam! e
One of the rotary directions is the first scan direction and"the other iIs

t he se thflﬁ?é‘. direction. [0037] Such an optical deflector 13 can be
conpriséd of a known MEMS mirror

[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 first
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made of silicon crystals. For exanple, in this MEMS mrror, the mrror
portion 13c and inner frane 13b are fornmed above the bottomof a silicon
crystal swbsbroatie7’By etching. [0038] In the MEMS mirror pcrgpr2vosm7t WO
electrodqﬁwﬁre formed on a bottom substrate of the mrror portion -

corresﬁ E"?B‘right and left portions of the mrror portion 13c. By
applyigg 3 ﬁoltage between the el ectrode of the mrror portion 13c and the
two el é2Prdlies on the bottom substrate, electrostatic forces act on the
pair of support shafts 13d and. incline the mrror portion 13c. [0039] Al so,
in the MEMS tr¢tger tRgtetisfdwh lishd e Bhesicly & dn#iRoR abdtigBnipeed,
substrate of the inner frame 13b corresponding to top and bottom portions
of the thaferer pertiap3cmeeddin Jringnpt\adlouigerasenapenpeii. el Beeausgeofothishe
inner franme 13b and the two el ectrodes on the bottom substrate,

el ect r dbead¢fdedtvoneanglet onrinchisaganr angles whpthre nsivednt porGenahsdic i e itaebe he

i nner franme 13b. [0040] The mrror portion 13c can be configured to include
a magnethiangedenmend sinei wavbadkracdativd e tindd.i ndthebymiaromgretion flGrccas
froma coil on the bottom substrate, or it can be configured to be inclined
by a defkxefeméliyosmbtlr e side af pbenodl anhrdmi ¢fsercaation! moateaulid verty Haalli sot ed
to the one in the firstenbodinent. [0041] In order to deflect a light beam

with suysht ahd/EMBmiAky resoddnthif@yueRegdtherb6f Wan BE PRFédsed G Aefstnbfion

driven at about a resonance point. Because of this, the deflection angle or

i ncli nafit@icat&oing RE tHE th Rk RS boir ARi kB dR&T )b P@e 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 13¢

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 120
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changed in a sine wave formrelative to tinme. The mrror portion 13c is
extrenely small in size of about 1 mmand its rotation nonent is very small
so that tWe2pryarery resonant frequency thereof can be i RETGRYOYH041271a

def or g} 4 Q8 %Jreﬁ & CC Bdﬁlﬂgetfhet E'En%l ePKRES 3B atMalif\w( f& 'ugH%g'y the

pair of supp I's possible to ea5|ly Sbtaln a a hig nary

resonant f a%ﬂc%ef;gﬁcveaer thnd (15 FURROL, Shalhs dad (horlgonal ] srlggééssaky

t he presen enbo ) e 7ot at o aroun suppor shaf ¢

hori zont scanning.i s set S eed can direct (mi n, scan

i r et TBnsoh e, r%‘f%&qg Hfudde; tféb%} eh bt Hist Ty B ige!
scanning is seh to,a_sub scan dlrec%% I is difficult to, achieve
an i ncP&588s§ Ahishaftgaeansolt haveisp F‘eﬁ‘ér‘tni‘ iggnge garrap cAsileget
techni que_and to stabilize the novenent thereof due to a non-uni formdrive
f or ce, %ap kenesilor mseeass thendickness oihevipporhshaftis 3% arigsoneRioirafRgNEH
the present enbodi nent can stably nove with anplitude | arge enough to scan
t he entA oé therroéatise (yibf@élotnaearﬁunddhempp@hnﬁgﬁs ilSedhas & batseartounbighe
primary resonant frequency. Further, it is necessary to increase the

anpl i t vaduef Shece arresomamtnfeeq,@etnqucchf thet mtreeg/ fraimeal Hs is set toea dd weealiuen
(around the support shafts 13e) orthogonal to the rotation/vibration
directiand tie trhsomdntr fiieqpentiesnAl 3, dd arott beingidpogahotadc vitked, g sanarey

cl ose range projection. However, since it is the sub scan direction, the

i nner fcaaf®et bab ubidizeldohbee.dr iv@dnklusior, $uls searssiryeed iude Birgdr lpowver in
frequency which depends on the nunber of franes of an inmage per second (for

exanpl &rdéPto 8Btaifra defid faﬁffpmﬁae%fgae%ﬁtrbppopﬁo%ac60 TS 420 tharBsrreer
second). To drive the inner frame 13b at a | ow frequency by a resonance

bet weenyrfign! Wi rb5&HEnck3Pn ARE L TURPEIrecBbAS t5 djo%%le'émbssc'&%ﬁ%%ia(rfxrto

formvéry thin support shafts 13e as rotation axes but thi's is not
practi %@(lample, disclosed in Japanese Examined Patent Apphcatlon 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 émall 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.
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because thin shafts cannot have sufficient inpact resistance and can easily
get broken. To increase the thickness of the support shafts 13e, a resonant
f requencywd 2ofo/tibvgsr ot ati on (vi bration) around the suppect/Jsimbbve2i3e has
to be slg)(t94t5§> a high value. Since a resonant frequency B of the inner frane
13b is t"to a Iow vaI ue, and the resonant frequencies A B do not

ool ne d ISR, 940 IR SR AR e bR SERBh Mo

of the mrror portlgn 13c To drive t e mrror orti.on with resonance in
the subtlQ¥EYETdilt 628 PG onigyss) ra‘%}es ’é’&%\?ﬁif’ﬂ@ ¥y B&anpl e, disclosed in
Japanese Exam ned Patent Application Publication No. 2005-5262899) can be a
good V\/a[)90146]generate i mges instead of raster scanning. By the double axis
scanning, the mrror portion 13c can be driven with resonant vibration with
hi gh anpl i t udenéthepotshuofto he addresapd eansessing dhe ethdehoptimsdbpiaigeidpnse
range projection wth small power. [0043] The convergent |ight deflected by
t he optiysaemdisf thadtior oddErcongprojest ddrge imhgenlvavthdVEMSem Scdn ankry close
transmtting through the divergent |ight conversion elenent 12 is swept in
t he tworatligeptisd amdllityderofhthganadrotipveddn dide, nddiebé ifusthes dacre@bed. zont al )
direction and the second (vertical) scan direction [0044] In the first
enbodi n@o4,71t he first and second deflector portions are integrally forned,
however; they can be forned independently. For exanple, two MEMS sensors as

"ot o SEAH, AT RarahesLEagIos, 4etumor gt ol

vel oci téfa{)gp&ﬁ]ve 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]

Howevef, 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, Aand for achieving the smaller beam size,
aséembly 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)
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Further, the optical deflector is configured for two-dinensional scanning;
however, it can be configured for one dinensional scanning. [0046] Another
i ssue to we andnesgsed concerning the above optical proj ectrijemosysiem i s

that in_order tQ proj.ect,)arge imges on creen.Sc in a. ve

ange, T8 B AieRbE kvt BORTR ST e fRah 120 IECR ol Bl 1 ¥5,(pBESa,

[ 0047] weyer Lth an increased a | tude, e, mJyror partion . 13c cannot
stabl y IES LA haS bibe bRl 29 Shpbic BICaI I pErdfcinedte Heum STE )
difficult to generate a drive force great enough to achie a large

anpl i t @dethen™iHar Pordpngiigee. ThiseWHARrGYentha SHHduciion oh Rt TS PBEGBhCy
is, the nore difficult to attain_a large anplitude is. For solvi ngl this

pr obl esystaie wengRntEst.twWhenihe distpnee gs%wqgl tamtwe ip sglted sBork Yalysi He t he
thi ckness thereof or reducing the size thereof. [0048] However, a problem
ar i ses beronsiziseo i thierlngInigbeam fsomethecdivergant loght eenvdrsiay elsmartor? ¥3H.ben t h
a thinned mrror portion 13c, an anount of deformation may be increased,
causi ndaweprthlaarthgeefdéctihe refilectiat fdet|afcthor migiorgrontiomn é3c¢i ndifficgént wid h
the defornmed mrror portion 13c nmay increase optical aberration, preventing
st abl e ofabherlidghtolneaah fsattheIight sdacsclriemaySee phevergddci ng resol uti on of
projected i mages. On the other hand, with a size-reduced mrror portion

13c, theodoyergent light conversion elenent 12 needs to focus convergent
light in a smaller beamsize on the mrror portion 13c, and for achieving

the smaller KRR fieZ8bodS P08l emaNdkBRNMESCIIH Bd Pa@iDinS | 1BBSaRb] & RIP VM S
need be i nproved. However, since NA (nunerical aperture) of the divergent

light GoRyer f)io‘l)ﬂoﬁl BN sdf thse7.5 degrees in the present embodiment. In other

words, the maximum value of the deflection angle 6 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 (210 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 13¢ 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 0 of the light beam deflected by the optical
deflector 13 into a scan angle a larger than the deflection angle 6. In the present

embodiment, the deflection angle conversion element 14 is a single lens made of a
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determned to forma predeterm ned size of spots S on the screen Sc based
on the Iight beam P fromthe |ight source 11 as descri bed above, a distance
(optical wethjoioiormst he di vergent I [ ght conver si on el enercTAR2000041h® mirror

portion.1 tica flector e J engt hened as.sh FIG. 12
Por ' rodindioElRe Sllendl B fhamles P10 p3ri GRF eI Fons i Ik
size reduction of the entire .optjc st.em contrast,. . ance
bet weers A TGR BsuseeT s APURBD fergbet i %arelawgwef%m{%ieﬂ%flglmlgdié
fromthe diver ht conversion elenment 12 be | arger .t han the

ef f ect iR1&- rle¥ F‘%ﬁm%‘écg% Wt # ORticab Paph PRI GHE 1§Ear ¥ ?’irég%‘?ﬁ CQEW grenthe

| i ght beam fromthe Ilght source 11 may be prevented. [0049] Wth the above
probl erpf thekepticah sy dems fipam dhe dightt wraﬁpllh tedbe steflardion apsle ponysisiprm 3c
is set to 7.5 degrees in the present enbodinment. In other words, the

maxi nurelement 14fandeptictl pethoas simgblatiprofesiits wWhgimt theemsror dfrtiont bic b/
the optical deflector 13 is 15 degrees. Wth use of only the opti cal

def | ectinclifidd ( byt hopreddtermedd dcdrigln. anl ehd¢onsiendiatione! anbght 1d9amf erith
exanple, to obtain a two-dinensional inage of A4 size (2 10 nmx 297 nm, a
proj ectwaveleagg@eo Hb3ahntitis F66unedwol be baitteddeom tedlipght sbtmienila 14-i nch

si ze two-di nensional inage a projection range of about 500 mmw || be

needed. [o'(ﬁbqa]se are large distances. Thus, only with the optical deflector
13, the inage projector cannot project inmages in a very close range

projection. [RQRPIFAEeHBEHdIthen®@ (RS inBGSiRRhEChYT RI@f13 Jth@Tg%rltength
enbodlnent the defl ection angle conversion el enent 14 and the divergent

li ght ffﬁ}ge%hq te o e oAk SR 1% ﬂ%%wa%dgwrm fahe Si&Sand fBRsi on

and anp rror portlon 13c ‘of the optical deflector 13 taken
Into actﬁgLif'éht som?cgqfll &Cglfﬁ@t ?Q&l ?opposne 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 ncr being 1.5196. 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 ngxp being 1.5196. 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-axis
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conversion element 14 is configured to be a deflection angle enlarging

el ement which converts the deflection angle q of the |ight beam defl ected
by the opwocalo/defisector 13 into a scan angle a | arger wPoanpidogocefl ecti on
angl e gl | n. the gr esent ?n‘&%di nt thg defl ection angle conversion el enent
14 i s &N LATHRAR ol %8 Hyf Lo acsS i SF 18P P8 exanpl e. FIG 13
shows optical paths obtained in a sinulation by use of an optinmally

desi gned opti cal Sygiem (optical scan unit 10). FIG 13 schenatically shows
an optical=pat ' Akt + BhYedht epshe mng 1of p't hes oDt IFEA + g8t em
fromthe |i§SAIUcl 4Dt 1t he defl ection angle conversion el enent 14 and
optical paths as simulation results when the mrror portion 13c is inclined
by a predgtermned angle. In this sinulation, a |ight beamw th wavel ength
of 530 nfi is*’as¥unmed to be enitted fromthe light source 11. [005-{])In the
first enbodinment (also in the sinmulation of FIG 13), the focal |ength of
the divergent |ight conversion elenent 12 is set to 3.91 mm and a di stance
from t vehdreghis aquarerial kureaturti(cst lf/aceheoppasiduevamreiradiug)hk soaicoaidl)
of the divergent |light conversion element 12 is set to 3 mm The center

t hi cknesasidne) @qQf Bi <,2D4 BnFad .i.t ates applieriod]l eo¢fifdsntsat eNoad thatt KSQRT
refractive index ncL being 1.5 196. A distance froma second face of the

di ver geqty”Isi giitfi 300 ¥ g4 $ie0fd ot | MM the fnfulagfihective face of the optical
deflector 13 is set to 18.354 mmwhile that froma reflective face of the
opticaljpgesjector 13 to the first face of the deflection angle conversion
element 14 1s set to 8 nm The deflection angle conversion elenent 14 has a

center thickrggg qf bgbogws%@_@vé AafPe5 Ae @%gﬁﬁeﬁm&p &f thé tdlyé?%%rgic%igﬂﬁ

i ndex EXP being 1.5 i's optical sys optical scan unit

desi gn%%ntvgrsfiggl‘éﬁellniegp%ug r g@dtté)?etalbﬁgl?t“é- r”cﬁggﬁlﬁgylﬁ'“pog tion 200 nm away

fromthe secon ace o h | ecti on "angl e €onversion el enent 14.

Table 1

FIRST FACE SECOND FACE

r 11.305091 ~2.298941

k 0 0

A ~1.44724E-02 4.64187E-03

B -1.31006E-04 4.18303E-04

C 1.27580E-04 6.37029E-05

D 4.06654E—05 2.07440E-05
[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 0) relative to the

referential optical axis Lb. In FIG. 3A to 3B, numeric codes 14a, 14b represent
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[ 0052] Both of the lens faces of the divergent |ight conversion el enent 12
are aspherical. The aspherical shape thereof is expressed by the foll ow ng
formul a (WP 20mer0z78n a rel ati on between a di stance z of pchariemsstbaces in.

the ot }gal IR IHECHAE AN, B AAUMS dBolcliBh 100"Rbn FROIH QLGS The™

I n whic optical "axXi romine source o]

the optical deflector, 13.j Z-axisdirection and apices Q, @ of the lens
faces dFSPHHHYR vij”ilﬁlﬁé".“”cﬁ‘i%fsglge‘ﬂﬁ%rvrshe +Ch* +Dh10 +Ehn +Fh14 +Ghi 6

+HI +Jh28 | . +SQRT[I ~(1 +k)c 2h2] h2 x2 +y 2 -(D where ¢ is a paraxial

cur vat UP 5?l = 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 élaxfaﬁi%ﬂﬁ%@n@mg% cAnversionchemgnt 1 isjqodguredgochay epe gati ¥hows
data on the respective faces of the divergent |ight conversion elenent 12.

| n t he poaktreand "@nuert gi gemdrgsnt dight. bepap| wom oo Uy cEsay digfhinconyylion r om
the divergent |ight conversion elenent 12 is directed to the deflection
angl e cdemensil@ningd enweakddcohvengght {ight dptaint 46 fdeh$ €oeduceltbe Wda@S.siBAtG 0
3C shows how convergent |ight deflected by the optical deflector 13

t ransmtes sidulbarglhdmea gatlerminednigdeaan coiredrai on teenendenldc. | NARG. tIBA
convergent light travels along the referential optical axis Lb, and in FIG

{Q’E tccﬁg\@rfgs&ﬂtod hffle tSnvdisldmeltndénta apahvertsdieici éetdeoighn@lich @)ddfdd@idve
angle 0 into an outgoing light beam with a scan angle o 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 8 = scan angle o when the light beam
‘is incident on the referential optical axis Lb, and satisfy deflection angle 8 <
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 6 of 10 degrees into an
outgoing light beam with scan angle a of 20 degrees, and a light beam with the
maximum deflection angle 6 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 6 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 in
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[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 rotationally
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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 rel ati omoketwmaerrsa di stance z of the lens face in theroptipombo@ziis

direction_an r.adi h {inort.hogonal cogrdinate. systemin whi,ch a.strai ght
line cSRMEC .9%% %@ﬁ‘cgise@bly, ah mc??‘ttoﬁéﬁ?? #%l%nalﬁlgxsaé:gglﬁ%{]faascsglso,wrgrlﬁ&Eg}l‘.
optical3 xis direction of light fromthe |ight source 11 to the screen Sc
is a Z-axis direction. Data on the first and second |l ens faces is shown in
the following table 2. Table 2 [0057] In the first enbodinent, the
deflecﬂpgggﬂngle conversion elenment 14 is configured to include the
aspherical first face and the spherical second face; however, the present

i nvention i s WMBh referense dacFEed. it 4C.t Hhe rftests afdthe dsdleatinte angde be

aspherical, or they can be spherical depending on a required |evel of spots
or projcoavetsipragjement tharsctessnitas. [BUES] 4Phéo |4pareagraphsfof measure
defl ection angle conversion el enent 14 and the divergent |ight conversion
el enmentval@e awetlf andred thoutr thtead ¢ fdeti o1y apghneon verssdrapEmBeckus e InfF IGH. A
both the el ements can be easily machi ned. Mreover, they can be easily
assenbltedd Giancedediuisaatalraragter sitier annvee of sadn usiglagvith| the adefte ctdon mgdet
to a | arge value. Anong the I ens faces of the deflection angle conversion

el ementcohdeadidnt dlentbintergertiile iagbdd€ TV iy sheRBamleeWithout 2he cddfYe @S ahnlo®d
t hrough which light transmts have to be rotationally symetric. \Wen they

are mad@nkrdiedi dlefn®ri4l SAQSo tietld Ueawidls SeehatizoRtHl &ixib Qhakc b RAE
can be rotationall yasymmetric with assenbly, adjustnent or else taken into

accountyitAshe ReWer dhdik®f 3e mid8PPortion 13¢ being as zero in time axis in which

the maximum value is time for the deflection angle 6 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 6
without the deflection angle conversion element 14), codes Cil, Ctl 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 0 is changed between -15 to + 15 degrees.

[0060]

As apparent from FIG. 4A and the simulation results in FIG. 13, the scan -

angle o when the deflection angle conversion element 14 is used (curve Cil) is
larger than that when it is not used (curve Ctl). With the deflection angle

conversion element 14, at the maximum amplitude of the mirror portion 13¢ being
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Wth reference to FIGS. 4A to 4C, the effects of the deflection angle
conversion elenent 14 are described. FIGS. 4A to 4C are graphs of neasured
val ues wiwb 2arwbiwi7shout t he defl ecti on angl e conver si onpelrgrand/odid71 | n

FIGS. 4A,t0.,4C a cqde G Is a characteristi,c curve of ngl.e with the
def Lectt & drgieessitvern sied CHoRPOYE-A pietkdedfatys Uil sfitudming bid v
t he defl ection aaﬁ%e conversjon elenent, 14. Also, in t%e dr{avm' ngs Ahe.

hori zoRt BFCESRPY ARGRRSR O™ the iags RIsdeHion 18R rtfree DOt el ABrABSIES on
13c bei,ng as zero in tinme axis in which the maxinumvalue is time for the
def | ectl{rmgeawgf@eoﬁb&rut 249mghglealizing a ey lope rABES RIPHCSHON: t JBCqHERTE: of
resonance cycle or 1/4 cycle) and nornaljzed to 1 and - 1. In FIG 4A the
ver t i carithaps thhdetlgetionsanglegapiveraiqoelateentedti dhe sagh @nglaie Hoaduahto
defl ection angle conversion elenment 14), codes Cl , Cl are characteristic
cur ves thé deflactiomgangls. 0 ph 11 & degBeeh écwryet Cth) atamiagimudi,candethesnegesspeed
(of spots S on the screen Sc) of the |ight beam P and codes C 2, C2 are
char actdéstantce ovitlbe @eboat 566annspeed. FI G 4C is based on FIG 4B and
therein, the vertical axis indicates scan speed of the |ight beamP

nor mal ifped1py the maxi mum val ue and characteristic values G3, 3 are
virtually the sanme as the G2, 2. The MEMS mrror (mrror portion 13c of

the optical defi@edrent fdm FIGRE 4CI thd SearnHK &l IsAnEeestfat zero n tike tinde 5
degrees as described above, so that the deflection angle q is changed

bet weenxis Ihat @s,"’at]t_ﬁqulgfé%ﬁ%%e, hg%@@ﬂecfﬁ)rﬁﬂ@%%tbéihgrﬂe'%bgan&ft 88&keh b8 as

simulation results in e scan angle a when the deflection angle

conver shonoeh SN idteSed AFE GHINEOFId sd diAHCcANARA RALISDERVL i

not use curve l'ection angl e conver si on elenent 1

e TSI, SRR A P oS, BB e Ren oo
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 nieans 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 eiement 14 are described. The incidence and exit
‘faces 14a, 14b are formed to be rotationally symmefric around the optical axis.

FIGS. 5A, 5B are graphs showing sag amount (mm) (characteristic curve Cs) and a

change in sag amount (pm) (characteristic curve Ca) in vertical axes, and showing
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a necessary distance fromthe inmage projector to the screen Sc to form an
A4 size image will be about 240 mm realizing a very close range
pr oj ecti omo 2bm/aorerast, without the defl ection angl e cecvrgesicgnsietenent

14, the sgan angle.a is equal to the.defleegtion angl,e Qf .15 re

Ceur ve BRI PR Dot € Bifieal SrloBL RS RHCLPRRCHbIR, forieraibd MBS T
[006 1 arent fromFIL.GS. 4B, L 4C, the scan speed js.fastest at zero in
he ¢ i e ths HORHdile! maTLt Fite S 3RO Wi B aCfeati Bos] ohe ARENisTay Beerbra
zero, andg, i ecreases as the_scan angle jncreases |rrespective of the use
of thevdHlq %éidﬁ oR Sj“rﬂj?’%%é‘bsrﬁ/%félil%ﬁxétl Barent 4. ﬁﬁém SR8 ATt i ¢
curves G2, CG3 (wth the deflection angle conversion elenent 14) and C 2,
Ct 3 (wie Rogpordiaatrs Kiwidenceasifiee tos¥tr 8idsn ol endhe nespeptypelaceydnytheg 2,
G 3 show that |longer tine is taken for the sane anount of change in the
scan spadidstimsiticn2when 3he opdiaah axisrdares tiomeisszaxis géxegtion and coordinages
considered to be constant in a longer tine than that in Ct2, CG3. Wth the
def | ecbnotheangtieat amierisithe 2laxienlirecdjiomis aege. ofAlsbyani amwhing o fackdmgye
in the scan speed is small is larger than that w thout the deflection angle

conver s¢fens ebefedianigl, imntecsupsharduntetedativy ios uatthicharge iambinat ihimmdius
range. Accordingly, wth the deflection angle conversion elenent 14, it is

possi blderelcéiofQhdcls 4 flageofRiralifRireOial §aadtunt ©fitht Wharenedstt curke @Y in
beam and reduce unevenness in brightness of an inmage. [0062] Next, the
shapes d rafiusNGrsanee face 14a and an exit face 14b of the deflection
angl e conversion elenent 14 are described. The incidence and exit faces .
14a, 1?@0@5]e formed to be rotationally symetric around the optical axis.

FIGS. 5A, 5B show thaf 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 eiement 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 21 as a deflection angle control circuit and a light emission amount
control unit 22 as a light source éontrol circuit. The control unit 20 receives as

an original image signal 23 image data G (i, j) which is image data at pixel
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FI GS. 5A, 5B are graphs showi ng sag anmount (nm (characteristic curve Cs)
and a change in sag anmount (mm) (characteristic curve Ca) in vertical axes,
and showiwgaorsadors (mm) fromthe optical axis of the deCrgetdognsiangl e

of 1 he 1R ERnTTE acdny B WO ETRT o i eontioal SERETRC efOF bt 3L, =
Note that t t f di i ncid .Side:. + It
Si do:  BFOBRNSHD MEAdBE WA GBI TH15F 1 ARar G ERisS? B BroTReH Hcsigpe] Sip

is di ti ' -axi s di ti d di nat th tical IS, ]
e e bt Futs et S T GRBLARRIH Rl IR b
I n the sag anount_relative to unit change ampunt in radius _direction, and

is a figopirdpdde deht spums dil acconding dp thic impge atar Péhild &ud fBe QBIFIATt he
radi us direction. {0063] FIGS. 5A, 5B show that the change anount (absol ute
val ue) nasirienssgnpl dvipt hehomntiedl deflsctas comtrpbrugihetly comtrdle theciopéivad
and exit faces 14a, 14b. Form ng the incidence face 14a in such a shape

t hat t heftdrdogd 3abp unttpittone as estatioontohzobpigrall Wax white thddighdrémbssign
makes it possible for the deflection angle conversion element 14 to emt a
i ght beasumt canirat garit 2arocanglle thealghbheounce ddnbypoatpguttimg 8naswvayssiowm
the optical axis to the periphery. Mreover, by formng the incidence face

14a to domtaspighalcbt. Theenist@epofitiopodigndl Mp i9g ssEiAautpat €asin hBe opticatd.
This holds true for the exit face 14b, and the exit face 14b forned in the

above RI&toF 2D AR Eatebt SRPEa&Iih &8t §f a WibMtidenflefdrasdritn 89gLg FIG.
conversion elenent 14 in the first enbodi nent, the size of spots S can be 1

mm or | essywiWeYEoptital HeFE tBAMING Arfiedt by eltd el @GPombRhe B ML or!t HRe
size of spots vallip e 3 mMmmor nore, and a grOJected |n§ge will ﬁur on
the Scrrﬁf‘r'?mscposﬁtqgl@ﬂignal 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
predetérmined 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 21.
[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 source
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As shown in FIG 1, the control unit 20 conprises an optical deflector
control unit 2 1 as a deflection angle control circuit and a |ight em ssion

anmount coRbhloddi 22 as a |ight source control circui perhbfoseabiol unit
20 receives as an original, i e signal 23 image.data G (i. j,.) ich is
e, i I STRELRA LT Puh (R TS Rop i S Mimite St 4 Hibh Beagnit
deflector contragl unit 2 1 properly controls the ogptical def].ector 13
accor didfgangugt ﬁw 1yRepseta E}dh Js)i‘gﬁam the migrosparteAdadsdackaed éa form 2 e
the |light em ssion anmount control unit 22 controls the |ight source 11
accor dispgttoonrbeisgaern datad agosition (iant ) tavsrefponding deithe gixel pesition(i, The
optical deflector control unit 2 1 controls the optical deflector 13 by

out put i) .ng Vithouse iodnar epticall ddfgector Whidi cent be driggn nemi-sesosantiyobmt a
control unit 22 controls the |light source 11 by outputting an em ssion

cont r olstepmmg| mlotor Dhrethei kikey tlpooipticah dafterabr Monitsolausitghhloudpeisué dniven
the optical deflector 13 and indicates a displacenent of a vibrating mrror

por ti orcohdtoli sighhGto the Witicdl hdefogdtoedh dafdhechivatibh witilthe @éighyerafssion
el ectromagnetic actuator, the mrror position signal M is obtained by

det ect iahgo C kofriYlol BIEn4&I0 t&M for Y aVipstalSi oR. th¥eBrddne Sephi @%oﬁi@fdrﬁﬁ’?rj’jﬁ
is driven by a piezo actuator, the mrror position signal i s obtained by

det ect idagr&pohdEM tdeRE Pt &dpd itibReiPiez0. Additionally, with provision of
a light beamreceiving elenment 28 in an appropriate position to receive a
| ight hegggslefl ected by the mirror portion 13c, the mrror position signal
Mo can "be obtai ned by using signals fromthe |ight receiving elenment 28 in

2550t 11O il gl SPLAERTRTL R 0P SPLY 0PERH, PR 5,0 UL,

TR RS L RF T SR R hFEb SRS 2l Bomvers

el eotr 98 oL ¢ APITLLANGE ALY M, 3 SRIATETS e o Shb?S: 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 fo form a spot S on the screen Sc at the position
(i’, j°) in accordance with the pixel position. The deﬂecfion angle conversion
element 14 converts the deflection angle 0 of the incident convergent light into the
scan angle a and c;mit 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 it
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em ssion anount control unit 22 controls the light source 11 in accordance
with the control over the optical deflector 13 by the optical deflector
control uwot20®/6107730065] For exarrpl e, for projecting a pcrgbkmgo@n7i -th in

t he horizontal directiaon ndaj-t vetlcal c nonthesreen
S, t n&afigRIcdnt d€TEs Mgt i %o"ﬁﬂe‘ﬁ“ PRl an SO SRl
am)unt ontrol sign toth purc chroni z t|o ththe
mrror %?F??ed’ﬁ §'?B ‘5;1 lang d?#t]hr?eﬁﬁﬁ/ eam %%Eﬁt $8nggﬁﬁﬁ)‘%aﬁata
i, | when t mrror on 13c is incli edth ot S.on th
screenn%’“&%u% %«52?9% Pectlyncm@seoﬁﬁ.t § pBlicAb dgﬂ?éat dsi i oh l(ﬁe
j). Wth use of an opti cal defl ector_ which can be drjven non- resonantly by
a’ st epicBEatoadr MeXimyan | j Keherefereopiti €an aegiiesbtat Ew#e gn M tsige 1in a
outputs a drive control signal to the optical deflector in synchronization
wi t h t Ipeojecgion ramgesooabawbpdh® newnt rol signal to forma spot S on the
screen Sc at a position (i', j ' ) corresponding to the pixel position (i,
j). [0068§9Accordingly, the light source 11 emts a divergent |ight beamin
anount for the inmage data G (i, j ) to the divergent |ight conversion

el ement 12 whiuetheeprviel tthet i dif whe gdsfledti@itanight conorysiogeetenérght 4, shd
emts it to the optical deflector 13. [0067] The convergent light is

def | ectopdiicad sthe et l1ecti e’:l@gd»ﬁcmnwrcanmaﬁitameratc¢msttaﬂe st ispeed ah and
vertical directions 14 by e mrror portion 13c which is at an appropriate

angl e 1t@rfah MahgeP o S‘tth‘ i:th‘%aﬁcrcﬁ%cﬁcnﬁb é N@eRREIdtiAN 4dd hnevennleSs in
accordance with the pixel position. The deflection angle conversion el enent

14 Con\b‘%{g}ﬁn}e@m@%gﬁaﬁ'o@ﬁ @"f'@llo%t Qhefdehfyeuloacarﬁgqetcoq%ygarogea%nienght4 into

t he scan angle emt it to screen Sc as a projection plane. This

forms 5{05?3}

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 o 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 semiconduétor laser is a Gaussian

distribution, and a spread angle of the light beam is different in a parallel direction
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Sin the position (i', j ' ) on the screen Sc. The above operation is
sequentially perfornmed in scanning order based on all of inage data G (i, |
) on the woixgiomab778nmage si gnal 23 to thereby generate aptwapzioesiarional

i mage on .the screen..Sc in assqeciation with two-di Lonal . original ;immge
data. [PO06A) Y RUGLLETTRioh BTV o hn (e o BT PR ferstnisridnlefol faset
conversjon ele t 14, the optical scan unit 10 (jrmage projector 1 a
et n Bros g oTabin Bh et O dRsnThant drasianatly SgrEF ok fiverests faRt
deflector 13 .is small, and itcan project_a large i mage on a Rrojection
pl ane (9&veesionglemsens 1o pudl Pan@gﬁl.pt}fn t%%vgeﬁfomi%ﬁﬁe%éiéem
angle a of the |light beam can be 30 degrees at naxinmum although_ the

def | ectbilate whdl @ cargflat kpeppig éar shepingcthsy clptic beam wagr easeayigRettingm
Therefore, it can project an inmage in A4 size in a projection range of
about 2d4adimg td e06@kcréaset ien, losstof lightusne eftraneoudepower iconsamgpton, and
conversion elenent 14, the optical scan unit 10 (inage projector 1) can
mai nt aidegaadatios afiprejearedpmeges nndheactadmSce dngaosbetellptictspods cdiigds
i mage deformati on and unevenness in brightness nore than one w thout the

def | ectwlpy ehegldiveuener Hight ebevaiior delemdhiO]l 2Feahhécinkde, ahhanaptdrphic
scan unit 10 (inmage projector 1) is very advantageous in terns of

downsi ZispHe it AC fadel oCaTreLiibAY & urked FaoY eviilRAtH RNEidfathe € calichBtias i ol €
structure including the deflection angle conversion el enent 14. [0071] The
opti caly3eAthidNhAd VR rfib PR BiBhE LRI VD) td thL ARV OWERG 6 OtHNEERFESHdRor
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 0 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 (image
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scan angle a wth the deflection angle conversion elenment 14 so that the
mrror portion 13c of the optical deflector 13 can be rotated stably for
suppr essiwg 2a10dacT78ase i n resolution of a projected i nageT/IA®YP612E1 can

ffici s 4 gh f he |igh | .
erticl eyt 'lb Il%t%:l}?}é 7'a%>d;50assé.1meld;t%r¥etce§ve 'a%%l%tsl?e?agrﬁgiaeﬁec%& g?'ﬁle mirror s,

i ncreadl’ nmanuf ac preci si on s and” conponen
contributj.n downsi zi f the unit. [0072],Further, the diyergent |ight
conversﬂ%hogli n %tﬁﬁgg%gVée%ﬂv%r%Fhﬁng %%pﬁ’ér P¥thrpReus o etggﬁP8e£9 orm
curved face for .the follow ng reasons. neral ly, j.ntensity distribution of
S o EBeEHer TR BotH R RTAs Mo brdicatnsclt diSHEaReeht th o GF o

spr ead angl e of the light beamis different in a E_)lar all el directionand a
verti cRorHopet?s dn petadapee twithnsigapls, framytbe beht Heceiwing lamendr2d.aaer .
Because of this, the |ight beamthrough the rotationally symetric

di ver g@escribgtabesiever sion el ement 12 will be elliptic. However, provision
of a beam shaping plate with a circular opening for shaping the elliptic
beam mdf0@alise vignetting, leading to an increase in a loss of light, an
extraneous power consunption, and degradati on of projected i nages on the
screen Sc du&urtherhéned kapd iwhexpaths. ddfiestios splegdt dre adiplandendf thegbptical
conversion elenent 12 can include an ananorphi c aspherical face or a

free-f defectovad defEerswWi ehe hasizbntilearatvdrocal dies@idiss, ithet diwehgoritzliphal
and vertical directions relative to the active |ayer of the sem conductor

| aser. chReeYn dlbment IOS8h®tRe R fRICENANAngle O§Svarsidid eldmand] 4 Qaf 6d kedll ar
spots on the screen. Further, with the ananorphic aspherical face or

free-f ohgveUeyRA:fRCA hRY S it Bh S BBMbPSRc 4Gk bal (thEe BPFR% - A rrRALPed
formed wll be elliptic wth a shorter I'ength’in the horizontal direction

formed Wil be efliptic orter e ont al”_di’
ool ansties &1 hTEAEhARRL Kot Lbuibrieenll & AR -RRaf! ol K Be

rotati Yorizontal 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 1t
to find out through experiments how deformation of images on the screen Sc is
changed in accordance with a change in the incidence angle ¢ of light on the
mirror portion 13c. The structure of the image projector 1t 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
10t of the image projector 1t and optical paths at the incidence angle ¢ being 45
degrees.

[0077]

Here, the incident optical axis Li refers to a traveling direction of a
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[0073] The divergent |ight conversion elenment 12 can be replaced by a
reflective elenent 24 in FIG 6 since it only functions to convert |ight
from t he woghto/mousce 11 to convergent |ight to form specsJiBoomosibe screen

Sc. The refl ec a fr f.or [ ef i ye

that i®r¢an’ g1It\?'enlgl?ttg‘ﬁr‘%ss oﬁ m%fﬁasourggflcl)rarﬁrac&lréguﬁ%t{ns%{lfr%ﬂlgﬁo%%\f&%%gt
deflec angl e conversi on t .14. an be Iso r e y a.reflective
el emen:llég 007 ¢ emeny, éﬂa nﬁﬁg lrntgff i §I 93 g"gg 16 9% B4 he
defl ection angle, gq,of a beam defl ected b Optl deflector 13 to
2% ar geredean baniah it i Flatngcta ves éwéwﬂth%% At aedeiF detf phane
curved reflectlve face as the reflectlve el enent 24 does. The optical . scan
uni t 100iTFagRstionecdsr (eptical piedleqtors 18dnpihieh etf 18 raeééf‘ifénﬁel PgRttitieam
deflected by the mirror portion 13c with the |light receiving el ement 28 for
synchrdﬁ@@@n@eYéﬁﬁﬂmﬂnko generate nirror position signals M indicating the
di spl acenent of the mrror portion 13c in accordance with signals fromthe
i ght {@8@8)ing el enent 28, as described above. [0075] Further, in a case
where the defl ection speed or anplitude of the optical deflector 13 differs

in the horizant showndnvEIG ¢4] thie roptidadrssantinet didteisgidet sdmeghits theneptisabn
el ement 12 and the deflection angle conversion el enent 14 can be the above

ref | ectsc¥ weliemendsepit tfbr taheivaraenr plaht caspbayibfalleineae 1Ot dude-dedteotion ved
face so as to differentiate amount of convergence or divergence of |ight

for thenBes iceentadioandleneddt ¢at. dspeeifi@sy,i thd NiphtWiddrcehel dehi®Chi RBht
speed or anplitude of the optical deflector 13.
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 ncy of 1.5196 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 ngxp of 1.5196. The optical system (optical scan unit 10t) 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.
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[ Modi fication of First Enmbodi ment] [0076] Next,
projector according to the first enbodi nent

enbodinenwousﬁmnansinage projector It

a nodification of the inmge
is described. This nodified
to find out throughrarpesneents how

deforna% i mages on the screen Sc is changed in accordance with a
change ﬁ%’?ﬁe i nci dence angle f of light on the mrror portion 13c. The
structu the—+rmage projector—+t—hs basically the sanme as that of the

i mage pfoj ector FIRIT FAGE | BIECONDRACEQnponents and functions are given the
same nu re—cqdes—as—+n—the—f+rst—enbodi mrent, and a detail ed description
thereon|is om t|ted. 1TEPE1161 sct?2948%2tal |y shows an optical scan unit 1O of
the i ma projgctortt—amnmdroptical—pat hs at the incidence angle f being 45
degr ees [0077] Here, theOjncident dhtical axis Li refers to a traveling
directi of r|nC|pa| ray emtted flromthe |ight source 11 and
transmiftiry tHr 336 %‘Wer%@@ﬂﬁsﬁi‘@ﬁt conversion el ement 12t. The

i nci denfe angl ¢ refers tp the angle of the incident optical axis Li
relative t &t he n@r%ﬁp 508 47686RE°9%f | ective face of the mirror portion
13c (opfical dgflect n"a reference position (stationar
positio1) 00718 ]%%Eﬁéﬂ%%% ¥£7%%@F_QL, the optical scan unit(1C1 is thg
sane as optji cal ni xcaept for a divergent |ight conversion
el enent 1(:?3 ang _%ﬁ§g7¢0n¥'ééﬁsg—§i nversion el ement 14t. Specifically,

t he Iight source 11 emts a light beamw th a wavel ength of 530 nm the

f ocal
mm an

ogbp of the divergent

d[@

l'i ght conversion el ement 12t
a dlstance fromthe light source 11

is set to 3.89

Both faces of the deflection angle conversion element 14t are also

aspherical and expressed by the above-mentioned formula (1);

Data on the

4.

faces are shown in the following table
Table 4

FIRST FACE | SECOND FACE

r 3.810490 65.526384

k 0 0

A -3.78571E-04| —-5.10841E-05

B 7.74024E.-06 1.31502E-05

C —2.79002E-05| —9.19009E-07

D 4.40239E-07] 1.33105E-08
[0081]

With use of such an optical scan unit 10t, spots are formed on the screen Sc

at incidence angles ¢ 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 horizontal
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to the first face (facing the light source 11) of the divergent |ight
conversion elenent 12t is 3 mm The divergent |ight conversion el enent 12t .
i s made QWO&OQW@B‘H3HB.'[€H al with refractive index ncL ofctub2009661amd center

thi Ckne(ﬁxsec?ionz aAﬁ x1s ﬁ'&: fig fs ?ecfr%?‘n% %Oﬂ% ftact%lblg ggé E(S) ltS}fe sthﬁgvt

reflective tace e opti Tet nm and
fromthereflec eface of ptic flecto 13 to a

(faci naotshé%spwth&a thEFpef s §§abrf= Predurt Dottt ne ahdedst af 45

el ement_ 14t set to 8 nm The def]| ection _angle convers e

made 060 Alals Grarest AP TRTA Sihe. it e TakoRh OB 9 b ISR | A M8k e

I ndex EXP of 1.5 196. The optical system (optical scan unit 1Qt) is

confi g@fed hpwnr e the sAE $6RleHEE/m from the |ight source 11 on a position
which is 200 nmaway fromthe second face (facing the screen Sc) of the
def | eclPB®3hngl e conversion el enent 14t. [0079] Both of the faces of the
di vergent |ight conversion elenent 12t are aspherical and expressed by the
above- nent i oddagt &potsulSd ¢d)S6 Dacafermedeinf dbesfodlawigwmannert hel iolmhpwng
table 3. Table 3 [0080] Both faces of the deflection angle conversion

el ementpottibnal ® &l te appical idedlecaod 18Xy estheet [fyititate Bbewermie nhé dwedaxes
formula (1). Data on the faces are shown in the followng table 4. Table 4
[ 008 1loriddonas@oafachusthean Oplei &fthesoad anBhtis hotx ™ s4xdt andrihefatheeds ary’t he

screen Sc at incidence angles f of 0, 15, 30, 45, 60, and 75 degrees under
a predeked ndithe 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 ¢ 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 13¢ 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).
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condition. FIGS. 15A to 15F schematically show spot positions on the screen
Sc. FIG 16 shows how the spots are fornmed. [0082] In the drawi ngs the
vertical worenkilomsis x-axis direction and the horizont acgiserodiban7and

[ d th f 15A 1o 15F
1t S e FOTRLEMIS b PhmFA T g PRI LB
60, d 75 t F K f Fl GS. A t
I o TR i 5 RSP Bl
t he f,ol | t 13.of th | defl ect
oo R PATRRTS lha od Pobe e Shn Sr SPRkER byl 1

the two axes is an X axis and the other is ay ' axis, and the x ' axis

i s posideBBrfecRihatandsthey paarﬁeatas 19 idegxeasx jasowid thexs @xdeat s dgareastand,
axis is positioned in the same plane as the y axis of the screen \m‘%FIG
16) . Theownd thalyy' axisex akkdsgreesparaund theex | raxidatc® deggees 4nd grewndhthad in
a pl ane orthogonal to the x ' axis (FIG 14). [0084] When the mrror

porti ory "18xisiat @ dtgterd and| aroanduhe xt "hexis at exdegreel@ndoaionindrthefy 't lasispot

is changed only in the x-axis direction (indicated by a dashed Iine from
the m rtordgmees oned@sctivelyhe MNget ti im the GlrabbingsWien siploes 8 I rtor Spoatd on
13c is rotated only around the y ' axis, the position of the spot is

changed@o@ftytednby Reraighkiinedi toesirrotnd ltnels@@&esi) Byr dettopdersfaaiding iofea
fromthe mrror portion 13c to the spot Sy in FIG 16). In the xy

coor di gffeserfe tBnsss @8forkation F! GS. 15A to 15F, the rotations of the
mrror portion 13c afound the y ' axis and x ' axis which nmove spot

posi ti ?6§86]ﬁ the x-axis direction and y-axis direction, respectively, are

At the incidence angle ¢ 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 ¢ is to be smallest. As obvious from FIGS. 15A
to 15 F, the larger the incidence angle ¢, 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 ¢. To the contrary,
with regard to the positions of the spots in the x-axis direction, the larger the
incidence angle @, 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 ¢ in the plane orthogonal to the x’ axis in the optical scan unit 10t,
as the incidence angle ¢ increases, a projected image is deformed to shrink (cosine
¢ times smaller) in the x-axis direction according to the value of ¢ since the
amplitude of light will be about cosine ¢ 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 incidence
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set to be +y ' axis and +x ' axis directions. The optical deflector 13 is
di sposed so that the pair of support shafts 13 supporting the inner frane
13b is tqvbaotohﬁows axis. [0085] In FIGS. 15A to 15F, Poessmod/ & s

f ormed W' ﬁod {)Cﬁgﬂé%%ggl&y {Oe]illlce ted a%pﬁ Ll ogeﬁﬁé nrH cr) {)?ﬁ?org 1 @ (é?gltqu

degree axrs axrs

spot 86 are,for nlrror rtron 13 is rot ted around t he

s athg'§ aagECs "B affuntt { vy Baripta afhicveg dE@r 5t tthds «
axi s at +5 degrees and around th axr ar o axrs
at +5 QEYPBERZCANS 1@ EORYERHE 5659%1%%11&6% ge"gi B SHeT By the

at -5 gﬁgrees and around the y ' axis at +10 deqr ees, around the x ' axrs

at -5 raddefinrtar ddnimtere 147ger epg ansle @dyr  ugp @ faheudrfledidon anglgi s
at -5 degrees and around the y ' axis at -10 degrees respectively. Note
that i reopversipavilagent Adt gpdnpresenioesdodimenbnnect ed by straight lines to
surround the spot SO for better understanding of a difference in inmage

def or tHOD8B] [0086] At the incidence angle f being O in FIG 15A, the
mrror portion 13c is in the stationary position and it faces the screen Sc
so that def orihmt imidexiceaapgle) @cthedld iegprefaealily deltaoi meetenomlbrglhee 4t bs to
be smallest. As obvious fromFIGS. 15A to 15 F, the |arger the incidence

angl e fclo§deolmrgefort fenedefiohn®f ivages dMagRSiQD1E Rez&CEREN with use of the
Specifically, the positions of the spots are substantially the same in the

y- axi s qHflR&idPAnld B8RS e ePEmERE 1149CT dBIShARN & Fequlfes her BRNLHAICHI
wth regard to the positions of the spots in the x-axis direction, the

21557 U8 L0 ORI ol ML SR Ao 1, AR

axis. I&l&é@ﬂ%rggséshﬁl 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 ¢ of 45 degrees, about 70% size of an
image in comparison with that at the incidence angle ¢ of 0 can be formed since
the size of the image formed is cosine ¢ times smaller as the incidence angle ¢
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 S1
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 positiohs virtually the same as a difference in the
incidence angle ¢. Moreover, in the optical scan unit 10t the deflection angle
conversion element 14t is inserted on the optical path, so that the amount of
deformation is far from a cosine ¢ times larger value relative to the incidence

angle ¢. However, in a simulation without the deflection angle conversion

element 14 on the optical path, it becomes very close to the larger value. An
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i nci dence angle f in the plane orthogonal to the x ' axis in the optical
scan unit 1Q, as the incidence angle f increases, a projected inage is
def or med Wo zafwdlmvs(cosi ne f tines smaller) in the x axipe TAPz09g/Hé 10T

accor di n tokfeth\ll glmufr)'fltlon }.fbscg‘m% nglt g?ofétpt%lvg %Iq Ight ﬂ{lel fl(olpq%vl % atBle

cosmeixfnp S Iarg i ect i on

rotati direction,of the mrro on and. . x-.axi dlrectlon e
Sor een SOV} Wrdweéﬁafo&sgotscé(ﬁb{% SePRatm Heams1 R THIR GUoE D7 45+ ay
a Iarger i nci dence I S necessary to increase the. a Iltude of the
mrror cﬁdP g (grcfﬁ&ﬁaei Herep theaRierpr pagtion; hig 1§ £otakeq, oply grewnd the

achleve For this reason, I s advant ageous to, convert the deflection

angl e ¢ ofaxas |atgfQ Sé&hﬁeéem(pe@&fﬁebyaltotﬁ‘é‘doﬁh? cal #es)ectintelthatnyalugs| ig ger
scan angle a by the use of the deflection angle conversion el enent 14t as
in pregementdesodiimerthe [0088F Theobtrihednbs amgitivlyingioul eoerdipaiesetasisy
set to a very small value at or close to zero for generation of inages of a
desi r ablefosnatipneden toi itcidsecofanghe) defthecincdemedlamgtony exfsDodegleesetny
14t. This however requires for the optical scan unit to include a beam

splitt eos{daper -Abw;rthbadirkor poftidi bs aobodiatedtayoumdithe xBr args themsfeases in
t he nunber of parts and conponents and manufacture costs as well as a

decr eas®oirdidah€s degaﬁeapg zéf(ﬁgdom@f( Pde).s arrangenents. As described
above, however, at the i1ncidence angle f of 45 degrees, about 70% si ze of
an i maggp @ sconpari son with that at the incidence angle f of 0 can be
formed since the size of the image forned is cosine f tines smaller as the
i ncidence angle f increases. In this nmanner, it is possible to formimages

in a size ciose 1o a dgsirabl e 5fZe W Ihour_The beam splitter.
INCIDENCE ANGLE
0° 15° 30° 45° 60° 75°
DEFLECYI'v[r(r)Ir:ll ANGLE 1740 1644 140.4 1091 73.8 36.9
CONVERSION ELEMENT 14t (168.1) | (150.7) | (123.0) | (87.0) (45.0)
DEFL&[W(;)NUXNGLE 76.8 739 65.5 52.6 36.6 18.8
CONVERSION ELEMENT 14t (74.2) (66.5) (54.3) (38.4) (19.9)

[Second Embodiment]
[0090]

Next, an image projector 1A according to the second embodiment is
described with reference to FIG. 8. The image projector 1A 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 1A includes an optical scan unit 10A comprising three

| light sources 11a, 11b, 11c and three divergent light conversion elements 12a, 12b,
12c¢. .The light sources 11la, 11b, 11c are monochromatic light sources of red,

green, blue, respectively for color image projection. Using such monochromatic
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[0089] In FIGS. 15A to 15F, Vthe absol ute val ues of the coordinates of the
spots SI to S3 are different fromthose of the spots S4 to S6 in the y-axis

di recti ony@noidiRos6r een Sc because a difference in the perabb@doanal e of
the mrrqr portion 13c around, f he ' axis affects beam positions.virtually
the sarftelis heiPRee et tor Ha It gclic BERFigHE Briereisemmagss pith bief cal
scan unit 1O the deflection angl e,cogvlelrsi on el enent 14<iaari s inserted on
the optGodel - sdhendronpehiomatic behtiesnessi 6ani Bet lasers oMith JJOPRE f
times larger value relative to the incidence angle f . However, .in a

si mul atvavelangtsut knnegegqoad: ¢mhodigrat. dbsVigh wirep dients a semicepductor
optical path, it becones very close to the |arger value. Anexanple of this
si mul atlpser iwitbhewwavelemgthf (13%viimg fonbrad FJighhetheol light ngpurgbl d18 dhoms x
coordi nates of spots S on the screen Sc at the incidence angle f of 0, 15,
30, 45,se6lconductts bsgr eeghwhewavhkengthr b06(parhi for gdeen dighit anddused yhe
around the y ' axis at 10 degrees (0O degrees around the x ' axis). Note

t hat valegead iharmpanhéd bii$i0snmn ahiehedbglet sourse dlcak reskicanduicik @il laseg with
coordi nates (| east deformation due to incidence angle) at the incidence

angl e fa @hvOlchethk @45 by foeLlae 1fghtAl SPhe Uheergbnt tighPebhiversibs dleineches apged
around the x ' axis; therefore, y coordinates are always zero (on the

x- axi s)12pl alcewhideeREtdo FTROGaRNES thHO0PD]in N tfirs ek HEGen SH10ARCH RIvid éd
according to the second enbodi nment is described with reference to FIG 8.

o TRRCTRSFRNCdr , 60 SORE 0 6o ST L W e
enbodi Wﬁ@tsan&oaém?e&iéah‘%ééﬁ functions and conmponents are .
[0092]
The optical scan unit 10A 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, 11b, 11c and passing through the divergent light conversion elements 12, 12b,
12¢ 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 Awavelength range
transmitted therethrough. The optical path combiner unit 16a corresponding to
the light source 11b reflects 95% more of green light with a wavelehgth 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
11c 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]
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gi ven the same nuneric codes and a detail ed description thereon is omtted.
[ 0091] The inmge projector A ncI udes an optical scan unit 10A conpri sing
three |ighbp2emunems 1la, | i b, i e and three dlvergenwchughmwmﬂmmer3|on

el ements 12a,,1gh. {n]aé%up} hgct 91')\ t%%ulréﬁés %es 11a byh, 1€ %114% loghtcl%e[ams

nDnochronatlc Ilgh éspettlv

i mage project.i i n uch mat i ¢ ht s. el r gj.ect or IA i's
abl e t GREEARTALS gybP?‘é‘ﬂ?tﬁ%l“tﬂn Eﬁw fﬂnh Shur&&%ﬁl’" Blems ?Sfﬂén amount
nmonochromatic | SO an b | as roper veJen t hs n the
second @RBi wﬁ?ﬁ% klgﬁk B Giom 1e; wih B0 DR 3115 GGRTSPA Anke
wavel ength 638 nmfor red light, the Ilght source | i b is a sem conductor
| aser \HOmYeRESiy Higbhdth theedivergen: lighd et 1Y gRIOTaRe SRS 129e akk Srapsmits
harmoni ¢ of 560 nm_and the light source | i e is a sem conductor |aser
wi th a theeugletig Apu4sl pathf mmbmﬁar wightl 6aThEbdiovidieqeticali dafiectonér sibhe
el ements 12a, 12b, 12c which function the sane as that 12 in the first
enbodi mm’ntcazir}mtbr@ﬁ/tldecbetaan flightsis| $eghto beamrsefarence lpticiagipatls Rhr.ced tighbe
convergent light, and they have the sane aspherical faces. [0092] The
opt i calbeaaarframi thel gFedrs lighmfsoguced 1tbois kohudetedpintcadonpyatpemtohighndry tine t s
16a, 16b on an optical path fromthe divergent |ight conversion el enent 12a

to the diptigealt ldghl @ehoérsion telemenmipi ITh,| tefidéctoaaby thei dpecall path cbenlinght
sources 1l1a, | ib, | i e and passing through the divergent |ight conversion

el ementimidd 6alé thd e férhee WiRicdl09AR] Phadd eradsasied thoupadin®sptichh@ath
0 P

optical path combiner unit Is nmade of a dielectric nulti-layer filter
and hagogn BiARE Ak €168 oCtHY oﬁﬁtbﬁﬁ%ﬂ@gtdﬂ 98! 1A 18ht beam from the blue light

source llc 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 1la, 11b, 1llc are
converted into convergent lights by the divergent light conversion elements 12a,
12b, 12c¢, respectivély, 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 0, converted into one at the scan angle a larger than deflection
angle 0 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 6) thereof, thereby

two-dimensionally forming spots on the screen Sc. For optical scanning,
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predet erm ned wavel ength range and having |ight outside the wavel ength
range transmtted therethrough. The optical path conbiner unit 16a
corr esponsiongidaotBe |ight source | i b reflects 95% noretab2my/ean7i i ght

with a n ra t 7 . ansgi1 s:.909 .l ight

W th o RSl Hhne2REE: ittt Bnd S AN Beto a1 iRy s Bicks A B8
unit 1 correspondi ng_t ot | i ght source, | i.e reflects 95% nore,of. blue
Tht e REPETEnBen P U aash I naEacth i EAge Gl TP loherhixg)
Iight»p&th a mavelengtq range otha&»than t@is range. [0094]1n the i mge
proj ecttbri)) A0 BERETHEARIOL HTABEY onqthe SCIPGR Sc-i o enit |ight beans
appropriately under the control of the control unit 20 (light em ssion
amount [B8RY}ol unit 22). Alight beamfromthe red Iight source 1la is
converted into convergent |ight by the divergent |ight conversion el enrent
12a, and trardwi imaghmeifrtohd dopererdingaichthoPoesrat ¢mbpdiment casemid 4 he
optical deflector 13. The optical path of this beamlight is set to be a

r ef er edtghtoptang ailt apkarge Rigan Angleletvebesithf thenopthealgd efdactor g havingca small b
is converted into convergent |ight by the divergent |ight conversion

el ementdefRetionefahgtd,eds hthet magptprof¢ctpat h axeobdimy tonilte IHat embédiment.
reference optical path Pb and transmts through the optical path conbiner

unit l@edawsthef opis, Gal caehlreEicorinlagesAid iggherpadosé ramgthendltigintaghthe
source | i e is converted into convergent |light by the divergent |ight

conver fopRtfltesRin speed iand pridetinaselYrddiR ePtddraéctPahhgé ABTobr@ativRi br 16b
on the reference optical path Pb to the optical deflector 13. [0095] Thus,

light heawenRBd fPdrihemdshe |ight sources 1la, | ib, | i e are converted
into convergent |ights by the divergent |ight conversion el enents 12a, 12b,

12c, rﬁggggjively, conbi ned by the optical path conmbiner units 16a, 16b and

Further, the image projector 1A includes the monochromatic light sources
11, 11b, 11c so that it can form color images in high contrast and with high color
purity. In addition, the image projector 1A 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 1A 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]
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directed to the optical deflector 13. [0096] The conbined |ight beamis
defl ected by the optical deflector 13 at the deflection angle q, converted
i nto one wb 20t18an angle a | arger than defl ecti on anglreTarhwondier1
deflec%pqaoﬁggle conversion element 14 and fornms spots S on the screen Sc
as int I frage projector 1 of the first enbodinment. The mrror portion 13c

of the optic eflector 13.is drd under the contyol, of the..control unit
20 (opt i cal - B aeR g aksnpradpSigh 1 X5 TG seacuBt R0 o 2 EE R s 0B
two di nensi onal | y.change, the traveling dizection fl ection,angl.e

t her cofthe S MGREH Ol S8 b REHar PSR PORHT s et o E1CSHd Tt 22n e fbpee
optical scanning,emssjon timng, ljght intensity, and em fsi on perjod of
the |i gAPISSERF At 1pptiqal scan ynig HY¥A) pisoaPIRET: xEMPLE Bl seR] 05N MAE e
data (inmage data G (i, j ) at each pixel g§ j&e to generate col or |mages
on t he Pseresdor 8t a ymalde] sipge | Ragystiycojiecthereoinibeyeallighesame aptbaknf
enbodi nent can emt a |ight beamat a |arge scan angle even with the

opt i calthdefraget projadtonahA ny the sigabhd dahbediment, andghet the same funegons and
projector 1 according to the first enbodi ment. Because of this, it can

pr oj ectcommpents ara gveenythd smee mangmiacnddeniand ai detatledclesstiptionstwmespesd
in a predeterm ned range to correct inmage deformation or unevenness in

bri ght rgsitted. OOPB). FArdsdhematididly shgerspthej euoturk/of fed Umhaget pdjector 1At
nonochromatic |light sources 11, | ib, | i e so that it can form col or

| mages put dthall YW IS ther@ndl hudlit 0 got Fimplidity. FIG.adglidhds th8erosnge

projector IAis configured to directly render each pixel, and render pixels

(i, ] )sedfiofr 6f 70 1@t RHligCkdntBgeh bR vErdibn blemaMtt PPAE1 @At in the image
projector 1At, 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. 21 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 11At1 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 projecfor 1At 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]
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emssion fromthe laser. It can prevent a black portion of an inmage from
becomi ng too bright and i nprove image contrast in conparison with an i nage
pr oj ect orwobngiar7ai cro di splay such as liquid crystal. pc@Q8Sjbarther,

according to the | LOjecto resent. odi t ]
di vergent lig }fe & %gfssggﬁj 'gfltérria%‘fhsb\ Oﬁgﬁyi?%gglggojgrg{éqf g'ﬁ‘ggl ?Orlﬁi?g%resfia}r%
aspheri.c sh . _However e, present ] ntion.4 s t |[imted thereto. The
can' be IGTHHTTS Cresnd [Enhatarens EXER PO ind Brst nltsFeand Bl deply'
each other in accordance with divergent |ight af cond harnoni ¢ wave
of the S&h; CONGIEIVY € eé‘%%’rtstlgpftdrﬁ?‘g‘ggi arsaﬁl%%WEdBtgs&grﬁte'he screen Sc with
the Ii g[lg[ beam from t he nonochromatic |ight sources. [Mdification of

Second [BH98di ment] [ 0100] Next, an inage projector IAt (optical scan unit
10At) as a nodification of the inmage projector |A is described with,

ref erence t o Hecdirst7light 2sourpige lilfdde ipr a8j dybsid |laser dIBER) seawhieh ta
10A) is another exanple of a color inage projector in a snaller size. The
st r uct weaichedsoforilasdrachipal Itg witk aseargensvavicdength afhe4 () myéhgreojditerpred A
in the second enbodi nent, so that the sanme functions and conponents are

gi ven tlhe ddpp andresémicodestanthser ddipilllebl wiek ar cqiteowadvederegth o154 45rinn ed.
FIG 17 schematically shows the structure of the inmage projector |At but
omts gheveingfiehe bloat LDl chip) a2e d@bngedpid abhtyY-Htie di@csbavwent hesiaigdss
section of a first divergent |ight conversion el enent 12Atl used in the

i mge PLRkagkOr IThAhe fis®ligh? soevs 11 A¢1 C4 A$stafies beORedi adi Sacantitidigviesiaent
| i ght conversion el enment 12At2, FIG 20 shows the cross section of an

?gtc Lga:oeﬂggﬁegrgfaoggidagp éqnhtana%tat offkfe biud LINRWSp e EhANE TS thASY He kit
optical axes) is set to 0.9 mm. The positions of the light source 11Atl and the
first divergent light conversion element 12Atl are determined so that the exit
optical axis of the red LD chip 11ta coincides with an optical axis 12tc of a
later-described first lens face 12tal of the first divergent light conversion element
12At1 as well as the exit optical axes of the red and blue LD chips 11ta, 11tb, the
optical axis 12tc, an optical axis 12td of a second lens face 12ta2 of the first
divergent light conversion element 12Atl are placed in the same plane. Light
beams (linearly polarized divergent light) from the red and blue LD chips 1lta,
11tb transmit through a cover glass 11tc and are directed to the first divergent
light conversion element 12At1.

[0103]

The first divergent light conversion element 12Atl is made of a glass
material with refractive indexes of ngsg = 1.506643, n4ss5= 1.519219, and functions
to make light beams from the red and blue LD chips 11ta, 11tb into substantially
parallel light beams. As shown in FIG. 18, the first divergent light conversion

element 12Atl includes a first face 12ta facing the first light source 11Atl and a

second face 12tb facing a later-described optical path combiner unit 16At.
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22 shows the cross section of a second divergent |ight conversion el enent
12At2. In the following, the optical axis direction (principal ray) of an
optical p&bhonﬂne&sh optical element is set to be a Z arcsuJgriooybdi®8 17 to
W% an exit optical axis direction of a first light source 11Atl
of t he |ghg source 11At is set to be a Z axis, a direction orthogonal to
the Z axis is.set o X nd direc ort hogonal to bot
s set to be Sty Beci 450 Tnecteis: Yyt ofehepionytatn eﬁewgntdp?-@ef. on
of each o cal elenent is set .to direc n., or ona
Che" dr ARETSS: 3 st 1608 Faseahtelohn a S&’ﬁang)ﬁapﬁééf? d@t%é Jélﬁnérst §harfage 7
plane is set to be a y axis. In the follow ng, the positional relation and
st r uct ukdabfistheotakiegallyr symeresric| amphgric fase ad funeaansde g uphe Siveregahal
coordi nate systemof X, Y, Z axes (hereinafter, global axes) while the
st ruct dight(frems thred &D chip L1tee) 'bhe éatahlmlbcaymmeémmsmelrnc freedeanche bed
usi ng an orthogonal coordi nate systemof x, y, z axes (hereinafter, |ocal
axes) . €xp1649ethéyophé caiovec formmiat (1PAn dfe tdr¢hogayd poojdotter system the
configured to include first and second |ight sources HAtl , HAt2 and first
and secarneiwelixy ey, geitt FIGQhR) edieveraspaint € Pwanthe dpiitdl axid2/RAt2 (astasivavaxiish
FIG 17. [0102] The first light source | IAtl is a hybrid |aser (HBLD) in
whi ch afsSei¥ iepdUsisofadens@falCly Bnlodigih poidt, & deRteibnWersed enpitBr-des&dBedm
(hereinafter, red LD chip) and a sem conductor laser chip | Itbh with a

center d(’}ﬁi’@il%h%o%br’%? uii (BREebRAELEH . LIDIdtgpUDt&RE B) 2 3kes, &l Fi3heasdd Bft he
Y-axi s rection on a single package. In the first |ight source HAtl ,

di st ancenBeLYREN &rk?ﬂpﬁ iAIG 1iPO! Plaxtl, 4P G bR E I dn! el BoRP het
1 e

of the ue LD chi b (between both of t exit opti a axes) Is set to

0.9 mmy the, Posd h%%ﬁf%mh%tﬂ&@gﬁalﬁgu{h%e Ja:h'atgl a&30 "€ x axis. Data on the

lens face 12tal is shown in the following table 6.

Table 6

FIRST LENS FAGE 12tal
-1. 8945

-1. 36684

4. 36388E-03

8. 23972E-02

" -5. 41640E-01
2. 06620E+00
—3. 32445E+00
5. T1337E-01

4. 54194E+00
-5. 06044E+00
1. 67894E+00

-

Cc|T|®|MmM|M{OOC|TB|(>»|x

[0105]
The second lens face 12ta2 is a rotationally asymmetric anamorphic

aspheric face and functions to couple divergent light from the blue LD chip 11tb.

40



first divergent |ight conversion el enent 12At1 are deternmined so that the
exit optical axis of the red LD chip | Ita coincides with an optical axis
12tc of awbavavoioescribed first Iens face 12tal of the Tbmstadeﬁlzglent

i ght cpnye egent 12At | | t exit o of

and bl d‘g {5{ i pse(: agamopn tqg lwﬁ p?%%%tlletﬂgtgi §1 Q)t“s; g‘?. ¢al %é(&gn 2td
of a seco s face 12t a2 f the irst..diver.gent ht. conver si rrent
Va1 EBRBSCEES 1 (PG A anBl tﬁﬁ.wcade Vfﬁéﬁm i pep Rty
diverge he red an bl ue LD chip I ta, ltb transmt .

t hr ougff]r&iloé’ﬂ Sr%"dfn&ﬁg 2)i wethen grihogogat éé’f)é‘él"‘taée tSPiétefn? r(élie ArPeYYenty-15 ght
converS| on el enment 12At] . 50103 The first divergent |ight conversion

el ementFi2 A8) whermaeromt Q24 o dhenapdiqah axip tIR td drptatiqn @xinidek &e secomdo =
1.506643, n445= 1.5 19219, and functions to nake |light beanms fromthe red
and bl denwaeemlggaz i ta, ofigiin tpaint.oandissdnetianl fropapalater-desgibed eatical As
showmn in FIG 18, the first divergent |ight conversion el enent 12Atl

i ncl udgmth chimsinef agét 16A4 tbabertdue HeD fehigtl 1kh ght- zewisce 11 Atl and a second
face 12tb facing a | ater-described optical path conbiner unit 16At.[0104]
The firBdrmwlag2}2ta of the first divergent |ight conversion el enment 12Atl
includes a first lens face 12tal and a second |l ens face 12ta2. The first

|l ens face 12tal is a rotationally symetric aspheric face and functions to

coupl e divergent |ight fromdhezreq; chip |l Ita. The rotationally
symetric aﬁphﬂLc_LaLe_wa_[jbe_eng_e\ied—by—l—he—above formula (1) in the

or t hogonal coot dSQATe( 1sy Gt e K] Cli & r ol KX) CY Y ¥din FIG 18) where a point
@B on the optical axis 12tc érotatlon axis) of the first lens face 12tal is

an origin poi nt+A8~{d1réBi¥z L+ 481 60T 4t BR {de P FDadl 5 PP ¥37 path conbi ner
unit 16At to theC£ ?1 '-Rp +p(1+&1;)yiqs Bf{&xb%)x@+r(iglﬁtp)sg}gle of.... @)

where CUX represents curvature (= 1/RDX where RDX is curvature radius in x
direction) in the x direction, CUY represents curvature (= 1/RDY whebre 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 “107"”.

Table 7
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a hori zont al

axis.’

directionin FIG 18 is + y axis,
front to the back of the drawi ng and orthogonal
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| Itbh. Ard
RdD s pf

ananor ph

ot
—Statt

v

atrotit

ler | c f at:b 87284

express
(the arn

B, Iy

e 1oll OVL%&T;@

(rotatid
directiq

Xi S
n

rom

Yy, zin
997

of the_
a later-descri

bl ue LD

Rth I

CLIX2.

\

| th is 43 2494]

I’I+ K\

(1 +
BP) x +

SO\

Aﬂ?+ Bf

I\I

’) w2+7‘?£533{56<16

DP) yz}
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BR di

1

re CUxXre
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1L Y AL Lg

Iern

respecti
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and AR, 0BF6E+DY

BP

2. 54510E-01

CP

—1. 31530E-02

DP

1. 99910E+02

[0107]

and a direction fromthe
to the z and y axes is + X
is shown in the foll owecogri@bpba26. Table-

econd-lens—face 12ta2 is a rotationally asymetric ananor phic
'18EdJND UENE; FACENZtaZ

o couple divergent light fromthe blue LD chip
t of a plane parallel to the z axis) of the
he x-y plane in the optical axis direction is
rmula (2) in the orthogonal coordinate system
8) where a point Q4 on the optical axis 12td
| ens face 12ta2 is an origin point, and a
bed optical path conbiner unit 16At to the
s. Formula (2) CUX X2 - CUYy z =1 + SQRT

+ AR" 1 - AP) x +1 +AP) yy + BR" 1 -
CP) x + (1 +CP) y+DR{(1-DP) x + <l +
ents curvature (= 1/ RDX where RDX is curvature
x direction, CUY represents curvature (=
radius in y direction) in the y direction,
t inthe X direction, KY represents a conic
n, AR, BR, CR, DR are deformation coefficients
th orders rotational symetric parts,

DP, are defornmation

KX

The second face 12Atb of the first divergent light conversion element

12Atl 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

11At] is +z axis.

8.

Table 8

Data on the second face 12Atb is shown in the following table
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coefficients and forth,

parts,

t he fol | ompnrgivabli7e 7.

7[ 0107]
el enent

r espect

[«d

si xt
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Cthe f

ey Ee
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Q he optical 4a33127E9p

9%5Exde
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e S
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he se
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pare placed in the Y-Z plane (global axis). In

FIG 17,

i mge |

a SecC
()j_P(‘TI

ond T4 Glyos 0k

on fnnp'r hpr W

ce HAt2 is provided to emt light for color
h the two substantially parallel |ights

convert

gyl by t

he fifsi22d3me6

pent |ight conversion el ement 12Atl

H

2. 68002E-07

J

1.83204E-08

[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.

(global axis).

T

In FIG. 17,

he optical axes 12tc, 12td are placed in the Y-Z plane

a second light source 11At2 is provided to emit light

for color image projection together with the two substantially parallel lights

converted by the first divergent light conversion element 12Atl.

[0109]

The second light source 11At2 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 11te)

of the second light source 11At2 transmits through a cover glass 11td and is

directed to a second divergent light conversion element 12At2.
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[0109] The second light source HAt2 is a sem conductor |laser with a center
wavel ength of 1060 nmand enits a SHG | aser beamwith a center wavel ength
of 530 nmwoanwarived. A light beam from an exit point (vipctuateogniRti ng
poi nt k ? g? of the second |ight source HAt2 transmits through a cover
glass I"'[td and is directed to a second divergent |ight conversion el enent

12At2.[01 10}, Th d di li gh ' | 12At 2. | d
of o glass ndber 1o CIvEerBr Famn orhal FES 1 T Ramde st ARGt

of 530 nm and fypctiops to nake a |ight fromthe second ] ight source
o 5 1 et s SPRpebReamian prgir badng) Ho sHARH egURICd 518 nicihe
first face 12te facipg the second light source HAt2 and a second face 12tf
faci ng ftlﬂ%tlebiiwmag?hacémtn eaphiromp dne segond ) lighe sovise did\t2edsit
faces 12te, 12tf thereof are rotationally symetric aspheric faces having

t he safbsigntiably naradlelokight beemusi oAaghayn mhEIG 19 it Hes a first face 12te
expressed by the above fornmula (1) in the orthogonal coordi nate system (X,
y, z inafing thedecahdrlight swirge 1Q6\1@mande sopond dacat2tf firing ithe aptical gath
point, a direction fromthe optical path conbiner unit 16At to the second

| i ght souorbdeetAnit 16A% z axis, and the upper side of the vertical direction
in FIG 19 is +y axis and a direction fromthe front to the back of the
drawi n§0ahn] orthogonal to z and y axes is +x axi's. Simlarly, the second
face 12tf is expressed by the above formula (1) in the orthogonal

coordi nate sygeefirétXand. setond fddes 1e, WRFeahardd Bfe FWtRbiIB QPhifiadriaXi s
12tg is an origin point, a direction fromthe optical path conbiner unit

;—g'g\gné@sﬁﬂ@r@%@@g havehy tROWaGEe Optidal axt¥ 12Xk Srofadich ARiHhe THd $frstfske
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
11At2 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 11At2 is +z axis. Data on the first and second

faces is shown in the following table 9.

Table 9
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faces is shown in the followng table 9. Table 9[01 12] The thickness of

t he second di vergent
optical

unit 1

At is n

rovided to co

hea

| i ght conversion el enment 12At2 from Q7 to @B on the
awo0iatigr7ss 1.5 mm As shown in FIG 17,

t he optirgatoopasib7iconbi ner
with different wavel engt hs

fromth

into o
and is
conbi n
a first

and a s

12At 2.
second

t he opt|i

shape.

and sec

e Seco

e—Ther

"k B

FAdes1o¢

ah

ine |ight
SECORD EACEO P 1

conver si on el ement 12At 2, 12At|
km ts through the focus | ens 70

i recte

\<r

A>3 =

dto the16p12|6¢1

1

Al defledt¢465v

B for scanning. The optical path

HI'S
I urirt

K ace 1

J_UI"\L LIRS I Al

6t a fadﬂﬂg‘ﬁ"’-ﬁé

'II}\C }Jllbllla

first di.v88Gd

5 shown in FIG 20, and includes
ht | ight conversion el enment 12Atl

econd T
M1 13]

ace 1 tﬁﬁbﬁé—og

) b togok 02

vergent |ight conversion el enent
5t face 16ta and that of the

face 16
al pa

Eﬁ = ST

et i

e pl ane and a cross section of
he sanme plane is in a wedge

4§verte
nd fac

X ang E!;z'@qgé—otz

es_16fa

el
92‘52%'11

is set to 0.8 degree. The first

L 16K%
ach _have 3

mw t h wavel ength sel ective

char act
has ref

wavel ength of 640 nm 10 nm at

gy istic.

I n- I h?ZSQ(DIP@H

At
|CULIVI

o
J\J /U u.llu

he meﬁ
fied- snmcig

the filmof the first face 16At

I.yl UI

f 5% relative to light with

|nC|dence angle of 45 1.5 degrees,

transmotapge of 99%or nore relative to light with wavel ength of 530 nm5

nm at

transm

10 nm a

¥3pc@s

incrd

i nci dence angle of 45 1.5 degrees,

relative tol Ty thit ke swayeiRngclondl did¢s
of 46.5 2.5 degrees,

for ex

ence angl e of

¢Hel

&

anpl e. The

43.5 " 1.

and transmttance of 99% or

nor e
36 EdRversivn ellentdifti MERER MG €

ilmof the second face 16tb has

ofn QQe/oog)rudz@ra@ug qlz@gu\éq 150minh 9hta K S\ ia et BRI aie

5 ‘degr ees,

%@1 dam

transnmttance of

relati ‘i;%th%&b%ﬁ‘ﬁer e VRRVEL qggi)ﬂ)\ﬂtieﬁ?’@o combine light beams with dlfferent

wavelengths from the second and first divergent light conversion element 12At2,

12Atl into one.

and is directed to the optical deflector 13 for scanning.

Thereby, the combined light transmits through the focus lens 70

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 12Atl and a second

face 16tb facing the second divergent light conversion element 12At2.

[0113]

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.

shape is set to 0.8 degree.

with wavelength selective characteristic.

A vertex angle B of the wedge

The first and second faces 16ta, 16tb each have a film

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 to
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nm 5 nmat incidence angle of 46.5 1.5 degrees, and transmttance of 5%
relative to light with wavel ength of 445 nm +10nnf-5 nm at i nci dence angle
of 46.5 wWo2otkagoees. The filns of the first and secondpCagemodBbiia7r 16t b

are Seuidl ATSILIARRN!o P STA I 0L L BRATEI WBEINEPRs s < o

wavel en romt and sécond diverge conveérsion el enents
12At 1, A2At2 (4o a_later-described. Li ght recgivi lenent 7.1 in F 7).
Tor 1a0eRReSF eRemBEn I BroL et trsa Tt D b T hphidendh of ape
with refractive i.ndexe 640 .= 1.5 14846, 0 =,1 19584, .n445 =

Y os7d6 mpre HiatVsgo RaRt Bt eavelhe Bt R 1 10T ALSAGBFACH anglesf nt
@B and an_intersection of the normgl _|ine na thereof on the point 8 and
Che. Seddnd  hobdgerass: éraalsaampce&?f Q9% redptivedodaglyt wih W@vsﬁ'ageh&feﬁ%n
the optical axis 12tc (Z-axis direction in FIG 18) of the first lens face
12t al @mthe mm ft meddencn gngle ofeAG.Pr3t 1 di degrrase andykeanssitapse of 5%

el ement 12At1 . The optical axis 12tc nmakes a 45 degree angle with the
first frabgivicte leghtt wethoptavelgngiht of 44abnmer10nmy/-3 6w athinshdénse angle of
perpendi cular to a plane including the optical axes 12tc, 12td (Y-Z pl ane
(gl obal46aXiis).5 degt€ss. 1The fBms dh¢he dntsemnthieciondsfaces tdte, dpth esd spltd
conbi ner unit 16At (between B and ) is set to 1.1 mm [01 16]

Accor ditrgrisynit tabe ult i 53 tofaacuir ofnlighe beathd Withhihree whaelengeloufrloatl thy firke
first divergent |ight conversion elenent 12Atl to linearly polarized

di ver gemid ddcofd.diveegenttInghPEdmeirbdn éRmdritsi IMAen omn (the ReéntesBivéd t he
first face 16ta atincidence angle 45 degrees, and reflected thereby to the

focus I ré@eiviig QBHeaal7 1Pt PI@f11he reflected light is a single optical
path of a conbined Iight beam .
[0114]
The optical path combiner unit 16At is made of a glass material with
refractive indexes ngs0 =1.514846, ns3p = 1.519584, n44s = 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.
[0115]
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 12Atl. The optical axis 12tc makes a 45 degree angle with
the first face 16ta of the optical path combiner unit 16 At 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.
[0116]
Accordingly, the light beam from the red LD chip 11ta is coupled by the

first divergent light conversion element 12At1 to linearly polarized divergent light.

Then, the principal ray is incident on the point Q8 of the first face 16ta at
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(later described) fromthe focus Iens 70 to the optical deflector 13. As
descri bed above, about 5% of anount of the |ight beam coupled by the first
di ver gentwbizgtwoilemaver si on el enent 12Atl transmts throwghipiweeqabiical path
conbiner wunit 16 and,travels tq | ater-described, |ight.receiving,.el nt 7
" o1 hoithke TrdRt 4Bediicom R - e ERreoigre B g (B 0TIy ¢ FRY
first divergent |li.ght cgnversj.on elenent. 12Atl to |inearly . polari

i ver giticat gAth of ABF ERECEHA (1aBt i Fotnglscbtionl pashelrapr bufed gt heam
second face 16th t he fjrst face 16ta again,, and conbin wi th the_ other
i ght tSL%ﬁtd%&ﬂB%&%ﬁoyéaﬁ%ﬁe%ﬁ f%moﬁé tadfieopsital feTBERnds) | dht dpedibed om
the first divergent |ight conversion el enent 12At] transmits through the
opt i calabpiehaberbdifeof @meuntoaf thediaht keany coyplath byather finesdiviepgent light
receiving element 7 1. 501 18] Simlarly, the |light beamfromthe second

| i ght soaversippietemgntddpitédriysmite theanghdthsi optigalnpathi gpmbimarvenidilénand

el ement 12At2 to linearly polarized divergent light, incident on the second
face l6tdveloteo helaténr-desdraoal ligha reemidicgebiment Wit h the other |ight beans.
As descri bed above, about 5% of anmount of the |light beamfromthe second

di verggat17j ght conversion element 12At2 is reflected by the second face
16tb of the optical path conbiner unit 16At to the | ater-described |ight

recei ving el @Right BearhGtodheTbhidel LDMShipaan (s @sapldEby)thwifift dieergehee
wavel engt hs conbined by the optical path conmbiner unit 16At transmts

throughian anfsdrbion eleandit 17AtRNE ligedlly §l18d2E@ diVerdedtUsgheNacidbnt T8ie |
aperture elenent 72 includes an opening 1n a
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 lig-ht beam from the first divergent light conversion element 12At1
transmits through the optical path combiner unit 16At and travels to the
later-described light receiving element 71.
[0118]

Similarly, the light beam from the second light source 11At2 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 71.

[0119]

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 to
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smal ler size that that of the mrror portion 13c of the optical deflector
13 toprevent a |ight beam from bei ng incident on other portions than the
m rror powDi20n/0i83 I n this nodified exanpl e, the di anetrer/getood/be2openi ng

of the ur e. el n ihS.:set 9 nd t.h n €0 .
coi e daevnt b Fighs SRR o RARE it et 33, SRS BB TRRA Th PFRE bortirm e

| i ght am .. The. apert.ure elenent 72 c reven ccurrence of .flare due to
ot g neln 1B Braditie R STRF: fReRRCE b RE ooiTRE o e AREHES
cause degradation of colqr inmage,quality. [0120] The.focus |ens 70

conver igmsar 2 g set itard-gééawsgw 3Het°ﬁ§¥?rh{@éeaésg%amwgbt%% Xy phihs a
predeterm ned sjze of spots S on the screen Sc (in FIG 8 and else). It is
made ofoPiicel pash fpriacingl raytaf therambingd lighbkeamissd he apeytyrmalememstl =
1.5 19584, n445 1.525786. The focus lens 70 includes a first face 70a

f aci ng caneprgyent wceunicasemt flaremeatos bigdvidneident 70 af peitinp ohkenophar dhe
defl ector 13 which are both aspheric with the center of curvature on an

axi s 70wvirrdhpoctiw dBarehichdinay wfust egradstiof afecolOnimagé.geaRizy. nm whi l e
that of the second face 70b is 3.3 mm The thickness of the focus lens 70
in the[0pR2Dtal axis direction (between QO and Q | on the axis 70c of the
first and second faces 70a, 70b respectively) is 2.0 nm The focus lens 70

i's disposed det hflcubhéedxi $07Qonvetgesy desraliel h lidie Qlantsal withi sthef thiiee
single optical path (center of the opening of the aperture elenent 72). The

conbi negaddighitRedmd fo firmeatdderiligcarizeal spofsl $ohdthe k3rddd U Fh 6.
focus lens 70. [0121] The optical deflector 13 1s configured the sane as

those of ghlae ephi calyssgamaddl b 40g1akh Gnatdriall QHtACLAT AN tiAdLREs frif5t=and
second enbodi nents. In the optical "scan unit 10At, the optical deflector 13

is pl acl(?§1§§34(§’hﬁ§3otilq_§F§'§§4{’ ﬁ§4f5=oi.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 Q10 and Ql1lon 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), 10A 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 ﬁormal
line of the mirror portion 13¢ in the stationary state makes a 30 degree angle with

the optical axis of the optical path (incidenée angle = 30 degrees), and the y’ axis
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the mrror portion 13c is on the optical axis of the single optical path,

the normal line of the mrror portion 13c in the stationary state nmakes a
30 degreaverzgiorﬂ)lwmh the optical axis of the opti cal paIPkIT(J'Pmb/dﬁm:le angl e
=30d R X| r T)xdsS17

i ncl udle(g%ee?ﬁe 0 t?%?lri%aﬁg% ?LIE% a{é E%n%ir | rséﬁlc%l E'}sxeécsolndt'abltiQ"e ?]11?@

l'i ght At 12At.2 d h f.th
glo?. cal ke 'S%?ﬂadﬁ%?ﬂi%témewwzs%w(e Qﬁ*e%ﬁt%ﬂ%f? Spaticiy P%gﬁﬂcal
flect di di cul to th I
et | cctis 81 18 Bafierbaebt).« o hovar 4T SIS, SH0T PhERE 1RSI B tiseky
direction) and to rotate fast around the ﬁx axis (main scan dlrgctlon i
2\

The | i giedlasdaml Pds dedirectien nsypemb cylat (Oafthegdraviagy, The ogticakdg PFE‘ch)n
angl e conversion el enment 14At. [0122] The defl ection angle_ conversion

el enentis mmﬁgugedﬂqéobarteélgwéssgrm«bthw wixiy (sebrsgenidiscqtiompxand Heaotate
1.506643, n530 = 1.5 1199, n445 = 1.5 19219. The defl ection angle

conver dashamusretite 14 /txis mmih sasn i atpmegaf he & ghdweamans deflektedeby she
first face 1l4ta facing the optical deflector 13 and a second face 14tb

f aci ng dphicad aledbact e 18 RbGheSl edhettals engscadvamiomekntent2P4AThe first face
l4ta is spherical with the center of curvature on the axis 14tc while the
second [Dage] 14tb is aspheric and rotationally symetric around the axis
14tc. The defl ection angle conversion elenent 14 is disposed so that the

axis 1l4tc coiTyd defle¥iibh ahghé iddaivBadiohadefient N1 A1 hindieast deflbeschedefinl t he
mrror portion 13c in the stationary state. The thickness thereof (from QL2

to Q 137)'1tﬁnretfp§ct% §ndk& g,k 3. m““@ﬁen;;lorstl 5ace9 1AL A ES189@a9sedriy
the above fornula (1) in the orthogonal’ coordinate system(arrows X, Y, Z

in Fl Gy cti’miar ?e Q%'n@%fsq?é @n{é?ﬁ INBT z%]cleh§ Iﬂﬂ/lﬁ%crgé%t ?oweq and

di rect|o romt optlca ector to the screen XI'S

Upper g cf) llsli %Eé Olrlltgrftarclprgéo o&:?wah]ede-'f'izece%f 513' andYa @ééc?nd ?Qéje Ef4tb
ro m t e

di rection _
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 '1 4tc. 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 Q13) 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 anci 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 Q13 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.
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front to the back of the drawi ng and orthogonal to z and y axes is +x axis.
The second face 14tb is expressed in the above fornula (1) in the

or t hogonalooendhi¥at € system where a point @ 3 on the a¢irgpiddeeihs an

ori gi n’lga%' nt1 and a direction fromthe optical deflector 13 to the screen
Sc is + a\?d Q The data on the first and second faces are shown in the
followng table 10.Table 10 [0123] An incident |ight beamis converted

(enl arged) by it e t % on elenment 14 into a |ight beam
with a llarger qegansqaﬁ&g 912{;1% mhgﬁ@g f{)t% he screen Sc. [0124] Ingt he
optical| scan ynit 10AtL-3tpegoqpti cal axi gogb2f g of the second divergent |ight

conver sfon—elgrent—12At 2 | s positiened0-37 nmaway fromthe point 8 as a
center jof khe |first face 160p of -15&308pt916al path conbi ner unit 16At in the
- Z- axi srdirectiron—(gtobat—axys,—fromthef{rst |light source | |Atl to the

optical| pafh dombi ner unit 9pAt ol 9987 optical axis of the blue LD
chip | [FTbhyThe exit poi nt [ViTT amgg%_ss on point | ite of the SHG Iight
Wi t_ht_centcI Ovvg\éel engt h 5?0 iqr'r?[ hof th Mhd ![lr]ght ;our_ce gAt_Z ![_s [0125]
posi ti gne . mm away fro e_ n e - axi s direction.

The di stante Hetween the po.ﬁ Eloéjg%mﬁé first face 70b of the focus |ens

nt Q
70 and [t hengcenter position jBf of ¢t t [gppr portion 13c is set to 2.5 mMm
The dis afpp etween the Ppﬁ er p]wclﬁgﬁgEn d16 f of the mirror portion 13c and
the point QL2 of the first face 14ta of the deflection angle conversion

el ementrp}43js set to 3.0 nm [0126]

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 11Atl to the optical path
combiner unit 16At on the exit optical axis of the blue LD chip 11tb). The exit
point (virtual emission point 11te of the SHG light with center wavelength 530
nm) of the second light source 11At2 is positioned 0.33 mm away from the point
Q8 in the —Z axis direction.

[0125]

The distance between the point Q11 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 13¢c and the point
Q12 of the first face 14ta of the deflection angle conversion element 14 is set to

3.0 mm.
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As shown in FIG 17, the optical scan unit 10At corrpri'ses a light receiving
element 7 1 which outputs a reception signal to the control unit 20 (FIG

8) in a lwe¥ebiggioagcor dance with an amount of a recei vegclyghioohgam The
opti cal q@h? conmbi ner unit 16At has about 5 % of the anobunt of |ight beans
with tHQ ee wavel engths transm tted therethrough. The |ight receiving
el ement 71 is_di sposed that its Jight receiying face.receives the Light
beam ref | ect €85 BYOBR 1Pr}§2‘érﬁ@t’ttga OPRIEH SRR A Xbé’? Caﬁbpré%?éoarl!)‘gi‘ééggelﬂi‘?g,
16tb of the optical path conbiner unit 16At. [0127] In the optical §c,an
uni t 1GAemenked lcyiiich ouipnts agecepiaongyigaahte dhs qomderpueit %@m § P)tiRed
drive current for the first and second |ight sources HAtl , HAt2 to_adj ust
t he andamrel ot accgrdansgi withdan enpepniboaf toorecqived dightnberta. arthmertiseh@athe
reception signal fromthe light receiving elenent 7 1. Accordingly, the
opt i calcsuhimenninit 1G4t ban aboum gdod fcthormamest hightthaans ctidmgbe| three
bri ghtness or col or bal ance due to a change in anbient tenperature or the
i ke. Avseelehpehsotthensmithalli themethroaghadofthet heghteedisatkingorlemlentis7hg is he
light receiving elenent 7 1 and attain the sane effects as those of the

presentdiepbesti kB Nthat [ifL Kight Tleee b CRIceSEaRi WY thel 0kfht Cesanatreflicatdddysane
effects as those of the optical scan unit 10A in the second enbodi nent.

Addi ti apghdniittdd tHEQSIR thybfikst hageseddiRl Bacéoridihe 1f6th séf lthghbpaoalr gath
11At1 which incorporates the red and blue LD chips | Ita, | Itb in a single

packaggohbElcs Whid9¥Asi zi ng an optical nodule for the color image
projector. [Third Enbodi nent]
[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 11Atl,
11At2 to adjust the amount of light emitted therefrom to a predetermined amount
using the reception signal from the light receiving element 71. Accordingly, the
optical scan unit 10At can form goéd color images without a change in brightness
or colpr 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 71 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 10A in the second embodiment. Additionally, it uses a hybrid
laser (HBLD) for the first light source 11Atl which incorporates the red and blue_
LD chips 11ta, 11tb in a single package, thereby downsizing an optical module for
the color image projector.

[Third Embodiment]

[0129]

An image projector 1B according to the third embodiment is described with

51



[0129] An image projector IB according to the third enbodi nent is descri bed
withreference to FIG 9. The inage projector IB conprises an additional
functi on wo 2bovomotyst t er col or i mages than the i mage projpectipzooddsiazicor di ng

to th { [ : fat i [Fl=Ye: 5t
sare adergrCe 0 g TR InE 1t B Gt mdf B R R QLRI R ket IF
conponent s Bh reof ;are_given,the,sane nuneri.c cod and a.det ai!ed

3 PR fec h

descri pff8n &t eccg’rkofé eft%’&fl Tlt?léta]agerh%mr]ﬁ%té)é g éoi nel G eosnda
control unif. 203 i.ch jncludes.an i mage processing.unit 26 (i e

o ocesstipdintat 1) i sUBGHiTEH it IMBCoaRPLAtondar &b tht SR FORTRE the 1
and the |ight em ssion anounf conﬁrol unit 22. In Ig{{sder to proj ﬁét afgood
i mage oMagRePEYLEEY &4 theaeioragdh e SuRgHgRst 2% COMPRRANS | tharerldate 6
(i, j ) based on an original_ inmage signal_ 23 received by the control unit
203 andiver phe samgenwBersceatesiamge dghaitedsdeseripfion therapippmitiad.
deflector control unit 2 1 and the |ight em ssion anount control unit 22.
By the [DiB9E data correction, it is able to correct degradation of a color
i mge on the screen Sc due to optical characteristics of the optical

proj ecti on systeeimépghosmjeftorhEBdincdugenta kcogirol comie?283 owhaibemeciudé@agn
12b, 12c and defl ection angle conversion el enent 14, and scan speed

char actififaiget pfodifssinpe uapt i2Gaimeid geboessing divcur)adnphaditididlo3thle dppesal of
i mge correction are described in the follow ng. (Deformation Correction)

FIG 1QeFhetsr doAebOmumRd21 meu@nld%ﬂt e §6hednbiRYCoRMIol NAItSZI €Mn Dedet N
FIG 10 a rectangle 23 1 is properly fornmed based on the original imge

fi)g?ﬁle tggl%rf)ggcﬁ a%oo‘lf"iﬁlggeﬁﬁf 86N sSfectNS L e t1e iRGIERNI R e3FA gl Snlef@CoRk e
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 21 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, 12¢c and deflection angle conversion element 14,
and scan speed characteristic of the optical deflector 13, for example).

[0131]

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 reétangle 231 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 231 on the

screen Sc. Specifically, each point on the deformed rectangle 232 is transformed
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system [0132] The deformed rectangular 232 is corrected to the rectangul ar
23 1 on the screen Sc. Specifically, each point on the deforned rectangle
232 i s trmoboweretBo an appropriate point on the rectangceRbovazziorrectly

proj ec C i C ' ] Qri qi Is

51 anal so3uF Bbfiort RIRAA. RRRCIRE IS PEE0E (RRREAY BBt I Abp SFRE on
anplityde of the optical deflector .13 under contr of ..t he tical.

or ectBf hsa G kb {pc i b Haitdl HEREE TSGR oo HrefL RESitinns of
unit 22, is confiqured to control .1he em.ssjon_timng.an unt qf, th

Tht “2brasids 1 Fe etofmtl (1Y she raBhEdlBe v BPuRpf Rihetes 1anunder
optical deflecfor 13. The |l jght sources are _controlled to emt |ight at an
i nt ensiwtms%ﬁ the qmécaﬁng!ﬁ %tprt%ntagfiu@aﬁ 2def | ERgrsiores ‘é‘ﬁmlighﬁg“éntﬁét%ﬁ G
(i, j ) at a pixel (i, 232%{ refe,rrieg]? to a |l ook-up table stored in a

not - shGRMP HEMMMSTlhgRlh 22nneonfigerest topopephiishemesigndiming apdanpunicaf
deflector 13 and the spot position (i, ('i). Further, a transformation

f unct i dhe Whgltth seuenest blars 11 hd l¢efwrasedrdanseamgite tk@zmptitnde wfother optical
rectangle 231 is acquired in advance to transforminage data G (i, j ) into
i mage dzflec®r {3, jDhe lilght Isbghtesemiessommobedttoadmidvieght heahiightnsgubessd ar e
performed in accordance with the operation of the optical deflector 13 to
formtloa theansfler 0Edhée mgoecaladefl€ttoril3 jan)l immagehdatcGeén jPcat Wpdrel kig j),
defornmed rectangle 232 is corrected by changing the em ssion timng of the

li ght sefyreR® toaNEbkigNtabletMerddeiwanmst - sirsiangdo2BwidhShdevd Beelation
rectangle 23 1 is not illumnated. Because of this, Integrated anmount of

| i ght qtivben iRehaBH 6f &P dptizab dBfle8tor MRAnlRRe dpboHEBHIsL ¢, NI Fudier,

Accordingly, the light source is controlled to emit an increased anmount of

|1 ght 60 ({0 /8 Al 6.2 GhRRBoR hidh QARG ths Mt dﬁe?@{r?g%tﬂeic%ﬂglkozﬁﬁ’rm& he

deforned rectangle 232, to maintain the anount o

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 231 is not illuminated. Because
of this, integrated amount of light on the rectangle 231 is smaller than the
deformed rectangle ‘232. Accordingly, the light source is controlled to emit an
increased amount of light to form the rectangle 231 compared with that of light to
form the deformed rectangle 232, to maintain the amount of light.
[0133]

In the image projector 1B, 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 21 and the light emission amount
control unit 22 control the light sources 11a, 11b, 11c, and the optical deflector 13

based on the corrected original image signal 23. This enables generation of good
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[0133] In the image projector 1B, when the control unit 203 receives an
original inmage signal 23, the inage processing unit 26 corrects the
ori gi nal woegs/aogsal 23 properly, and the optical defl ecrge2eenéeol unit 2

1 and t.he i 1.S.S: Q1. y Q i control the |ight sources
1lla, | llllb%gelsg‘?}et,}le‘égr{gsltlﬁ[e]e g%folrg{fltfo e%gcl}:ltetyrlr%%gt’s;géed on the corrected

origin I mge ,Si | 23.. This enabl es generation of goodi mages with very
littl ea@é?g?%ﬁpﬁggﬁgﬂrqlﬁgogﬁ%réﬁcgf?p?(Tr apezoi dal Deformation Correction)
[ 0134] ngsﬁirrage def ormati on may occur due to other factors. For exanple,

when t ge projector IB and the screen Sc are relatively inclined to
each other, a proqjected color_ inmuge may include a trapezoi dal _deformatjon
on the screen S 1mpge defpsmatiase daay REQW dueetopother dicterownF af s Xrmeee
processing unit can correct the trapezoidal deformation in the same manner
as t he whew theltmeaet peel etéd ot Beandothe §aress|Scagsarrdaiavelyeboghingd doreachnether,
Application Publication No. 2006-1 78346 and No. 2006-234157 di scl ose a

t echni querejectad cebir image nuiylincldde o twapeanidal defiorimagioanomphe careery Stcem
to realize a predeterm ned correction anount therefor. However, since the
t r apezdl'lskalintefeo prat ¢ sing surdaud® by hbe-shosirt iegmavaleat girooassirgweeit tie

I mge projector IB and the screen Sc, the anmount and direction (relation
bet weercdregetsitte taipdzbiddl ode foirtha}iodf ik hbedeime nmbhoer as | thebgbehwdgeckibed
according to the positional relation of the two. In particular, a change in
t he amyuthrRREiodl rection of the deformation is conspicuous in projection
with a nobile device incorporating the i mage projector IB. Wth the above

t aken i[r@,tlgs]

Japanese Unexamined Patent Application Publication No. 2006-178346 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 1B 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 1B. With the above taken into
consideration, the image projector 1B 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. Fér 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 1B 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 or
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consideration, the image projector 1B according to the third enbodinent is
configured to be able to adjust the anmount of trapezoidal deformation
correcti omowntanidive i nage processing unit 26 or an equi yargrtoopuaeeEssi ng

unit. For e, 1t can onfigured to allow a user to.adju t he
correctcloc?rt;?i )é(’?réﬁt}rslt th rregggﬁc‘ggrr?gﬁgpt a{}ieonC(}rBe%I?%ga’a]ioéﬂm‘or EEP%’oﬁée\/\H’lﬂge

Vi ewi ng_a.pr.oj ed iymage. In.this case, it is possible for the inmage

pr O] ecﬁ?)rroj&éojlrgﬁp%ﬁl&f LU8F ﬂ@&ggﬁlWlﬁlédgr?'ﬁltél@c‘g‘?f(sﬁ’éﬂ’@é“\ﬂth t he adj ust ed
correctjpn amunt storing.a trapnsformati on function for trapezoi dal

def or '%ﬁe%th%lné’lﬁ%‘fﬁ‘qeﬁg 18 Brighesdl i on function orcoefficients thereof
according to the correction anount. Thus, the inmage projector IB can form
col or i ééi with very little deformation. (Correction of Unevenness in
Brightness) [0136] In the image projector IB, the mrror portion 13c of the
optical defl datide IBags pypincherdBsithasoimar Ippriion 3¢ wifthesomticalSjefdectbhat
the scan angle a ( deflection angle q) of a |ight beam varies sinusoidally
rel ativid tsovibrated Honsohiadly fasforminhpepscal, spebat iks: foant angleat (deflectiont he
time axis or the scan angle a (deflection angle q) being zero, and the

| ar ger dnpde §0anfangghkt hefmefdriet siansaiiyll tPlativbaostimeer Edethss asasopeere as
shown in FIGS. 4B 4C. That is, an integrated anmount of |ight per pixel

di ffer scdappeddny fastdsheit Aean ianbeaine d¥ls vraghei nfaPsle] @GHEABcRbARGGIE h
a light beam having a certain |evel of |um nance, an area of the projection

pl ane W) KdinicSze162RAREGA! adgSTBd sS4R AN A1k ] d@ fMckionlfn ST &), AHE 1ower $HE |
i ntegrated anmount of |ight per pixel since the |light beam passes

ther et NearOihedl & BhoMnSHAPIGREAS4¢ N Gt figShn V&ﬁﬁggg@%g@gﬂm (A RLREHEP

pl ane which is scanned at a large scan angl e
E)glsgfais\ﬁ[qhélr g?ﬁﬁgﬁug %gighf%lwﬁg%ggé%%éég ght IBegca%in)l(Sé asfn[}ﬁgcttlgg Inllillgc’r]T\Ni?l?am
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.
[0137]
Similarly to the image projector 1A according to the modification of the
first embodiment, the image projector 1B 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, 11b, 11c. 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 13¢) and controls the light sources to
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[01 37] Simlarly to the inmage projector | A according to the nodification
of the first enbodinment, the inmage projector |IB shows the constant scan
speed i n woerw@aoTy3r ange and an i nproved evenness in i ntemgprtopo/odi2tihe | i ght

e O ey SRS SCER ot AU BV il R

qual it acproje
distributi ' taple by the i [ [ 6 . t-sh
cqui val nt b1 EeERHG R AT At ohe S P AP S o RO ROt ofn® el Rgafees

sources 1l1la, | ib,. | i e. For this purpose, the inage progcessing . .unjt

det er m s caniPled fosrtit diehs o) thy B?Baﬁgraop?f%wss Vi thr 8 TelRarEDoAow
signal Mo (the angle of the mrror portion 13c) and controls the |light
sour cesIHERHHY T dha nebaikely; shont missien tibpe velide dhey aze crmdeglded iptemithe
pi xel position (i, j). The correction of unevenness in brightness is done
so t hatlight te jthhtcenden oéAmaimageonvitbl 2 adlatiyedyihighiigihensity oeinparrepHéyelyof
an image with a relatively lowintensity or in a relatively short em ssion
ti me whidng teheiysiame tooet r diHeedighs emtiensityght the pixelc@ntjgrisofcoaredtallge bwi t h
a relatively high intensity or in arelatively long em ssion tine. The

| i ght irdfensngytoat lédleupitaledle {tored id d aotehoeat mheryyandkhowing 4 eelation

| ookup table stored in a not-shown nenory and showi ng a rel ati on between

the pi xeétvizsea thegpixel positjo (] j§ ahdesirr &dtiGiratitiumt{ ¢cosrreeteddlifhOtitensity).
intensity). Also, the light intensity can be corrected by a function for

the pi xglisd,ithel ligh@itftehiRy G B ot cAEP BRL $ fufecOh FbPFhY pikbe(l TRARd the
projector IB can formimges with very little unevenness in the brightness.

( Def or g irepti SR EEEARN %&c&&%%&lgéﬁh@qwgebgfbj@m\felBaca‘i’le%&fm{ﬂa%féso&ﬁw S

in a color imge due to a decreasé in the scan’speed along wth am increase

in the $6a3n;aghGe fe A& BCH B rightness.
(Deformation Correction 2)
[0138]

As described above, é deformation occurs in a color image due to a
decreése in the scan speed along with an increase in the scan angle o (deflection
angle 6). Such an image deformation is correctable in the same manner as the
above-mentioned deformation by the image prqcessing unit 26 or a not-shown
equivalent processing unit. Accordingly, the image projector 1B can form images
with very little distortion.

(Color Correction)
[0139]

The image projector 1B FIG. 9 is cdnfigured to combine three light beams
(red, green, blue) with different wavelengths from the light sources 11a, 11b, 11¢
into one, and deflect the light by the optical deflector 13 and convert the
deflection angle 8 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 differs
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angle q) . Such an inmage deformation is correctable in the same manner as
t he above-nenti oned deformati on by the inmage processing unit 26 or a
not - showwequinmabeat processing unit. Accordingly, the ipocmgepyogiert or |

B
can form i i ry, litile . di,stortion, | or, .Gorregtion) [0139 he
i mge p#gcﬁeecgg oé OWB{hEI ‘égvgle’lnghﬁ:’o‘ﬁpil%%rnéa&' £ %u%eo{ﬁﬁcfor{esqlﬁr%elél ﬁ]eg?ﬁgtﬁésg#%r%‘?gd,
reen, .blue) wi,th diff.erent vel engths fromthe,light sources 11a, | ib, |
; e intlbasgﬁeo,ﬁl\%lhedsggfpg@geﬁ%’glééhﬁw thee SERSERC3S- defl ector 13 and convert
t he defdogctoion angle q of the light into the scan angle a by the single
def | ecti%d# ngl e conversion elenent 14. Due to the different wavel engths of
the conbined |ight, color aberration occurs and the converted scan angle a
of the |ight AMPUEE 8dspehdioher shiftneandecriained bynessurtng endssigningdor
shifts in the spots S forned based on the sane inmage data G (i, j ) on the
scr een V¢h ¢iotheoyvarelsugthofredugheanduerhida thatdha dedonbhidtneah by coeraied ng
or designing for each of the wavel engths (red, green, blue), so that the
col or diy tosrectimgbthecspotepositiomg 8 arfr gt light theanmspltonpdbe tli ghtss@iroks tlHa,

i ght beans fromthe |ight sources 11a, | ib, | ie. Thus, the inmage
processlility Lini.t PBugy tlenimgpe yaloentsipgoces s2 @ rumn tequovileat probessihghinit
sources 1l1a, | ib, I i eto emt light beans at timng in accordance with

the mowioigralk thbeightrsoQfcdxt 14,0 bl 30 cofo éhét Iphi Badmeah taainy inldccdrdance
exanpl e, the inmage processing unit 26 can adjust em ssion timng of the

l'ight soithceife Mlaving oF, tHe m®rénGRREBAENBLY 0 RGRer Bbfidal YeFlHckér amPuUNE, Of
the spot positions for the three colors. Thereby, imges w thout col or
shifts Sampe, tREMth QN prHCesIHE E/MiP26 can adjust emission timing of the light
sources lla, 11b, 1lc 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, 11b, 11c 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 1B can form color images with very little color
shift.
(Fourth Embodiment)

[0142]

Next, a head-up display device for a vehicle 30 incorporating the image
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[0141] Further, such color shifts nmay occur due to various factors of the
light sources 1la, | ib, | i e and the optical path conbiner unit 16 such
as assenbiongieanooms and conditioning error, differencespicmipzundssiand
conponent her eof . .an change e to.t erature .or a.tenpor hange.
Ther of refeetof pECIRE o BREB HHE 15+ B TRFIh kS Refet SREFEsrELRT,
S chaeg§€QIe when appropriate in the i mage processing unit 26 or an

e 1

equi va rocessing unit. For exanple, with provision of a correction
operatiﬁn yﬂjt (not shown), the correction anbunt can be adjusted in
accor dait& i th an I nput fromthe correction operation unit. Accordingly,

the image projector IB can formcolor imges with very little color shift.
(Fourth Enboditgehead{up1displagdevige pdads paoidgsd agsideva ceehigle, andemaiply 30

i ncorporating the imgeprojector according to any one of the first to third
enbodi wempristist B pediectarcd 1t and| & wind shoald3p2Tméhinbareflgrtdi Kphtyiremyike 30
I's provided inside a vehicle, and mainly conprises a projector 31 and a

wi nd siprejedt@23hhi ch reflects light fromthe projector 31. [0144] The
projector 31 is any one of the image projectors according to the first and
third ¢6bédl] nents, and projects an inage onto a predeterm ne position in
the optical axis direction. The projector 31 is disposed so that its
optical axisThenpssgeodrd Y ectangnody of hRelingife pryjectordlacvording td gh first

sources l1llato |l ie) is '
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 1la to 1llc) 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 (1la to 11c) 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 bandwidth
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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 w t hout
coati ng hwe wafdiecsance of about a few % as a gl ass surfrezgrzedbaetiance to

be able . to rgfl i to ' ' ~olnee it inelydes
par i ar®s, o e ABLvhbaBitER, (P, A E5h, BRnddBkontitThld  VEOIHGTOE
11 (Ha tao.l .ie). and sh n iproved.refl ectance, the projectgr. 31l can
Form 1 e b iR, ot tRpaseort enieser dae Bs gkt SeBHeT i RE The
reflect.ance, the partial reflective face 32a can innclude a thin netal film
L4 of doFraase is | TesgBm oft (FOIEIRE Dccdaring BK VAPIPSRUEHES O the
Alternatively, the partial reflective face 32a can_in¢clude a mcrostructure
whi ch RMapgaatipn el eeljve ceharagtesists; nTgﬁ pati] geafleqtye afﬁaei%?&rwﬁpiﬁ@w he
area by a known technique. In addition, the mcrostructure can be directly
f or med ambignidieht sransieit\ihgeetire egly and reiflech ackightbpam: frogpihe dighd soyece
partial reflective face 32a to efficiently reflect only a Iight beamwith a
speci fild wathsl eyes of thes geivieal33yinvaenivdresdatght source is a laser or an LED
emtting a nonochrone light beamin a relatively small bandw dthas in the
above- §fthd6d] nents. This can enhance contrast and visibility of projected

i mges. Further, by use of a laser for the light source, it is able to-

i ncrease t he Theepdamaloteflestigai faget Bi2a ligyprovided imsideoat vehiclé esovthht the

pol ari zation sel ective characteristic. The partial reflective face 32a can

have ardyosgt lzﬂi'iegthfort fhenailcto dthedtatdcaungbe yndté @bl efbnd windhbr Femidd vl he
| i ght source 11 to the eyes of the driver 33 in a driver seat. [0146] The

parti alwifshRali Wi erace FReehdrS pRoPMifeth r&Gba§oR prePéfti e 39¥élhah theeoﬁlaﬁve

| ayers or the mcrostructure can be protected fromw nd or Triction wt

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 ié 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 31
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W ndshield w pers. Further, providing a reflection preventive |ayer on the
outer face of the windshield in a corresponding position to the parti al
refl ecti weohamm182a nekes it possible to suppress refl eetcramdyosmiine outer

face, pI or. i.on_ o I i ¢ i V. i f

pr oj ect ég},iéér}r%giens .l[{’%gﬂg? %ﬁgygnv?%}le? ﬁesgfgﬁ?éﬁdc?ra %ﬁ?{;% ﬂ%l 3‘@ Itélz’étrrhpipsanel
emtted . to the parti reflective face 32a and reflected thereby to the

i r ect ignsnhO - abudng FivE” s Ges 95 SRlefRA IFIeE UL e AREARY riflebitir 1
formed at the front, of the wind shield 3 The driver .33 sees proj ect.ed
oo, 758 Htar 11 S5 e1te 1Y FhEBo8S STaths REAGF 1RGAFCE R (O Scr bkt
The fourth enbodi nent describes as an_exanpl e t he head- up df’lspl ay. devi ge 30
(FI G sepnni e feontcef dhy winghshpeddd2r o nadicy, Graseplsy 131hafy animnagg ds al
reflective face 32a to project an image on the front of the windshield as a
vi rt ualdipesjeereissted andhe markiabretleefavpdacedajafvidst Wil pBiehdB2.inited to
such a configuration. The head-up display device can be configured in any
manner [844Pbng as it incorporates the image projector according to any one
of the first to third enbodi nents. For exanple, it can be configured that

t he proj ect orF3tirrm@Eet sacaordimegdoortha wdriebn HeadrepndiSplayprdewided3 @boke an
i nstrunment panel (dashboard), and the driver 33 sees the projected i mage

vi a t heprppddtoal 31 efdredid \a fimage3Paojelcot HICS avaseding \or thealfoiloagagofiftine

i mge projected on the screen is seen at the front of the wind shield 32.

Anot herergi¥édihént i AddEtiodntd {RYEnASe ?ké}%@&bﬂ’a@édﬂd‘?ﬂﬁ ed a9 ddeoPahé ifist to
reflective face 32a of the wind shield 32. [0149] Furthernore, according to
t he vehh¢lEe®addimpnty spl ay device 30, the

(Fifth Embodiment)

[0150]

Next, an image projector 1C according to the fifth embodiment is described
with reference to FIG. 23. The image projector 1C includes Ia beam splitter to
allow the incidence angle ¢ (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 1A 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.

[0151]

The image projector 1C includes an optical scan unit 10C 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 10C, the light
source 11a emits linearly polarized divergent light with a center wavelength of 640

nm, the light source 11b emits that with a center wavelength of 530 nm, and the

light source 1lc emits that with a center wavelength of 450 nm. The divergent
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projector 31 can be an image projector |1 C according to the following fifth
enbodi nent in addition to the inage projector according to any one of the
first to wbindyaotyedi mrents. (Fifth Enbodi nent) [01 50] Rextup2mmoéinrge

proj ectior, .1C_accordin o the fifth. odi t kS sgrihed i reference
POk 280t YR IR SpADCu b TP BT LRATESHY P kSRR

) e T1Rge pr of €tt ot i nc

I nci dence _angl e f, (see I ficatign of the. first odi pent) .of. |ight on
the m RPGHCRUPE) IR Be bl J 2P0 e b o pleigy TRESMRGE ) &EF or
1C is basjcally the sane as that of the i e projector IAin.the_second
enbodi r?é’ﬁt%a?f&¥? FRMRIRET SRS C AR a5 A e it%ﬁfge &F@%?I&éﬁefﬁ - same
numeri ¢ codes and a detailed description thereon is omtted. Note that FIG
23 oni tl818Bbwi ng the control unit 20 (control unit 203) for the sake of
sinmplicity. [01 51] The image projector 1C includes an optical scan unit
10C whi ch co%ﬁhﬁi dbeamg spligtarspf | ist epmpoisgAdod & quism| Erduding @t petarizaiéon
optical deflector 13 and the deflection angle conversion elenent 14. In the
opt i calsepeeatiamifilni G0a aind al phite phatec¥2.11Fhenpolarizatimar bgpaetiami fikn 50a
divergent light with a center wavel ength of 640 nm the light source | i b
em ts twatkswifoh polaeiztheionwavpirangnh antl 683Genmo aeflechethlel giheaskyupodadized e
emts that with a center wavel ength of 450 nm The divergentlights are

conver tdall 8l 0i ghtbstidhtthal dentppmalvetdndthghifs64dy, she, dbveigefionl itlghboptical
conversion elements 12a, 12b, 12c, respectively, and they transmt through

t he optja¢R!cdidbihetomtitHa6alnidbs 1PRe phake ldti e adeGiresd plond N4 BRAM to

splitter 50. [01 52] The beamsplitter 50 is conprised of "a prismincluding

a pol arnjedftifNpolarization 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.
[0153]

In the fifth embodiment, a glass material SF11 manufactured by SCHOTT

AG (refractive indexes ngso = 1.777781, ns3p = 1.795226, nsso = 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
perpenciicular 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.

[0154]
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separation film50a and a phase plate 52. The pol arization separation film

50a wo

rks for polarization separation and is set to reflect the linearly

pol ari zedwpaogldiet7sl i ghts with the center wavel engt hs ofPC®4820098627450 nm
he opt 'I%%'lteﬂétf*a %’}ﬁ{él%echtﬁ@' 1561‘31hag'§11?1 B'h%ri%h &%ngf‘ dsBd ?heOf a

fromt
pl ane

separa
mat er i
defl ec
onto t
a gl as
1.7777
beam s

| /4 plate o°héf ari 2ation separa 1'on o ariza

Tprel4 Qméﬂ Blnd bl Rl SRy ﬁg%ﬁa%rfsms 1 Pime Etass

ted by th def | t 13 t t 1 t t
fECholes Shafkes ilsafrelaﬁw o Potarized parathd WG niSing RRHAF 5%%”

nt,

S naterlal SFI nanufag@oied by SCHOTT AG (refr ctive |nde es n640

gonyvergend light. 7913129@,1)
plltter 50. The beam splitter 50 including the phase plate 52 is

efteliéésmpliognﬁ%dnf F waveling Gientiame

f or med ofrthe drpdanipplarézerk sony ergeminlighietoptacr theafiocys leaparlat i bhe fireulana

is inc

lined at 45 degrees relative to the phase plate 52 and it has the

same r gpolazeéd eonvdegentslighatisodeflpetedebyn il imitror portiothd Iseaotagiplg ines 50

is disposed so that the polarization separation filmb50a reflects linearly .
pol ari peddgarmlihed ahpghhtarfgeotn bhdnopddamtain plat floaontEnses1 agais dr6hjindi@bnt n a

di rect
par al |
conver
travel
provid
expres
t her eo
| i ght

ion coincident with a perpendicular |ine of the phase plate 52. The

®hn thegphadecplareteahy thbebgadh apilizedri 3N sThaswgh ohe fphlase ateal 2, the
ted into circular polarized |light by the phase plate 52. In the

ot ullar B6larpiedoford iR gepnlght edcpavaltbelinld Bhtallpe dlagused et Sithi 6

ed. [01 54] The | ens Face of the focus | ens 51 has an aspheric shape

dsbwd fa%gféysnwtate(dl)reléwéﬂ@o fthaﬁtofemeoﬁhg@m PO LRt BhrdIHICKPRES

Is 1.8 nm focus | ens 51 makes the circular polarized parall el

rghgc{eraeﬂ H}Qaﬁolg?iz%'ﬁoﬁe%eparatlon 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.

Chz P
— +) Cx "y j=lm+n) +m+3n]/2+1
1+ SORT[1-(1+ k)c*h?] ,Z;‘ =K y ]

W =x*+y
where SQRT(Q) represents square root of Q, z represents a sag of a plane parallel
to the Z axis, ¢ represents paraxial curvature (c= 1/r where r is curvature radius), k
is a conic constant, and Cj is a coefficient of x™y" (C1 = k).

[0155]

The focus lens 51 includes a first face 51a facing the optical deflector 13
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followng formula (3)
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Fe (c= 1/r wher§g
coefficient of

ST ERCE R

SEb A PAok S1e
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he opti£?27g§i

hase pl

“Dara oA SRS

et EORSTAND (K]t ttee s 71 (81 Face 100 148
and a spgoRstRicOBRICERPAAN the 03BBIELGS ST d9.7739bR-68
fth ORDER COEFFICIENT (B) 260615E-02]  1.99134E-03
Bth ORDER COEFFICIENT (C)| ~ —1.15980E-01|  —2.83959E-03
10th ORDER COEFFICIENT (D) 1.78671E-01 1.06423E-03

nom al aspheric shape
pr e ébie fgbleisel 1, 1
systemin which the

13 to the defl ection

The center thickness
square root of Q z
C represents paraxi al
S a conic constant, and
cus lens 51 includes a
second face 51b facing
first and second faces
t he defl ection angle
ing the beamsplitter 50
the first and

Table 12
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second faces 14a, 14b is shown in the follow ng table 12.
12 "E-On"signifies 10L Table 11 Table 12[01 56]

In

In the tables 11,
the fifth enbodi nent,

t he focuswbenm/@d77and defl ecti on angl e conversi on el emertTlf20m/es180e of a

g| ass m fJ:y| al

1.51

DI/7

l‘\\l
U

SCHOTT-

r ahf 1 \ID_I ndao
HREEXE

gs n640= 1.5 14846, n530

0584, n450 = 1

I\f‘ { £ nF
LA B\ g I | \

FIR3T) FAGEdi4ait

SECGNDGENGE‘ m44

s !n

he beam splitter 50 and

t he focps—tens—5ton e—optieal—axi§—+s06—2+rmangd that between the focus
| ens 51Ye(hm\/fAﬁ'UR5|W\Dw def | ect261282|( mi rror2])8r760tn 13c) is 0.5 nmm and
t hat befweenmthe beamgptTtter S0 angtihe deftectign angl e conversi on
element/Cl4 is 1.5 nm In vr§\/37dB9EDQ\2 si zrAP26H8E+@Hge projector, the
di ver ge T ght—_Cconver gron et enent and Deam Spiijtter 50 should be
prefera di sposed cl gse t63@§§ﬁE092 er. [16513 7F759 optical scan unit 10C is
describ for conparisgn Wt I cal n 10C with reference to
FI G 24[-hich al so omitls sﬁ&%zhgggﬁ@ cont 33%%3ﬁgt_béo (control unit 203) for
t he sak f sinmplicity.| The | ~gcan s the sane as the
opti cal %é‘gan unit 10C excep?%gge 93 doesﬂﬁj@%3 %ﬁ%de the beam splitter 50
and the st ance bet wegn tng ﬁagl‘lﬁ_bgns 5% 8%qu}zh&deflection angl e
convers|on elenent 14 ils . hig is {0 pnarrowlthe spot size
appropr i ely wthout the bgagrmgﬁ)tj_@éler 2Q. 48'5’65Ehﬂ21 a reflective face 50Db
havi ng pRn_equivalent pqglarization separation t of the polarization
separat |eon fil m 50a ang the;;%ngpd);ate 5@ (pmetygeogpt ical scan unit 10C is
provide )t cal—scan—units 10C FIGS. 23, 24 are both
desi gnefcg o focus 1.96274E-03 2.32631E—03

C9 9.95785E-05 —-1.75772E-04

C10 -8.56356E-04 1.95995E-04

C11 5.61833E-03 2.15677E-03

C12 -2.51097E-06 5.05552E-04

C13 8.70872E-06 -1.18958E-03

C14 1.23661E-0 7.97527E-05

C15 6.18582E-04  —5.65857E-04

C16 1.11484E-03 3.92203E-04

[0156]

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

Ng40= 1.514846, Nns530= 1.519584, Nasp = 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.

[0157]

64



a light beamat a position 205 mm away fromthe second face 14 of the
defl ection angle conversion elenent 14. FIGS. 25A, 25B show spot diagrans
on an | mage 2pisane7mhen the optical deflectors 13 of theropupz@biosean units

1CC, CCar e rﬁ{,ﬁ{lg 1 Q&ﬁ{»‘{}glttﬂf‘cx ?&eéfoqeﬁfggrl?éfﬁ&gﬁ?Elllé/%k)}llc Q¢

I n FI G. 25A, e op |ca scan Unl orns spo hree“co OI’S

San?) o APEF wiltE FebiERe *‘ﬁ?s A MY 0, RT ?%3“&%&?1%%0. f°fth”fot“e
dof | oot FRRTRRGIG Aoicioti B SHemen Bplaty | e TR Ho LRIV Ohotoriand

refracts a |ight bea fromthelncllne ptic defl ec
di ver géﬁfne( 3 GBUIEA 302l PRt} ShegPitt thghi' qf%esob?ﬁ H%ﬂtlu‘é%t%?%eﬁfn PRIHEEL s

i nci dent (ght with a shorter vvavel en?th nore greatly. This i s conspicuous
in the S&p@m she détangpmibetwexn the foewniensst ! and tthﬁed%%fmt&m aggn CoRY¢rsiar
i ncl uding the beamsplitter 50, the beamsplitter 50 splits an incident
li ght  lsdement 14ciso? damee. wilthis he taenssrewdhle, spaicdsiaeriappreplintply withanhithd a
shorter wavelength in a direction to approach the optical axis. [01 61] As
descri tedmabphitter She dptitbed, ascdleative f4@C ¢lahaveguee eqoivrleabepiaizatnon
since the characteristics of the beamsplitter 50 and the deflection angle
conver sieparai @renthdtdo fatte pelaridatiomsebdratioantibn iS0at o1ed tled phase phatertdesf of
light beans with different wavel engths taken into account. [0162] Wth use
of the theaptiall isthRun?O10CtisiroRegsd.bl e to set the incidence angle f
[0158]
The optical scan units 10C, 10C’ 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 10C, 10C’are rotated
around the x axis at 5 degrees, respectively.
[0159]

In FIG. 25A, the optical scan unit 10C forms spots of the three colors (R, G,

B) at almost the same position while the optical scan unit 10C’ forms the same at
different positions. Accordingly, the optical scan unit 10C 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 10C’. In contrast, in the optical scan unit 10C including the beam

splitter 50, the beam splitter 50 splits an incident light beam in accordance with
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of light on the mrror portion 13c to zero in the optical scan unit 10C so
that it can be free frominage deformati on due to the incidence angle.

[ 0163] Newbzoﬁmlbmge projector ICt as a nodification ofpctr}jpzdomgn
prolect in the fifth enbodi i s des |bdvv|thrfer nce t

'n the PR %PBFQE%‘?‘?Y&E“;;P Pt eeimontngrEoelnvis Lished thafréaidn &
conprised of plural ses (two in the present enbodi nent) nade of

di fferealPtpr@P%\lgé ‘?YHPE‘FPQF‘§ISFrom each other. The structure of the image

pr oj ect or is basically the sanme as that of the inage projector 1Cin
the fi flOA éﬂwbodl ment, so that the sanme conponents and functions are given
the sane nuneric codes and a detail ed description thereon is omtted. Note
that FIG 26 Amiescriberhirhgvenhthecontical sean mn2o106oean seduns eolzoRbertatiome
sake of sinplicity. [0164] The deflection angle conversion el enent 14t5

i ncl udessnee f thestchagastetisticandfatlsecbernin| epkitte4B.S0Thadf ithst de8estivaA anglerade
of a glass material LaF2 by HOYA Co. Ltd. (refractive indexes n640

1. 74008®nviedsion dlemkditob4 ard St With620H3jereibe ihi thst réfeastidtel Andexclafdbighan
aspheric first face 14Aa facing a beamsplitter 50t5 and a spherical second

face 14NamdDatich oiffélat Waalleagphsstakondni@aesowmite showni n the fol |l ow ng
table 13. Table 13 [0165] The second lens 14B is nmade of the

above- mengppned gl ass material SFI | by SCHOTT AG The second |ens 14B
includes a spherical first face 14Ba facing the first |l ens 14A and an

aspheric SeCQﬁﬁhf@&eoﬁ-ﬁﬁbbeQﬂtsaplﬁ@ert B8, {t 1sSpo ADBISRE NG HeaRR AR AWy i N

the followi ng table
of light on the mirror portion 13c to zero in the optical scan unit 10C so that it can

be free from image deformation due to the incidence angle.
[0163]

Next, an image projector 1Ct as a modification of the image projector in
the fifth embodiment is described with reference to FIG. 26. In the image
projector 1Ct 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 1Ct 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 ngso= 1.740080, ns3p= 1.749756, n4so= 1.762083).
The first lens 14A includes an aspheric first face 14Aa facihg a beam splitter 50t5

and a spherical second face 14Ab. Data on the first and second faces are shown
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Tabl e 14 [0166]

In the inmage projector

| Ct, optical data and sizes of the

beam splitter 50t5 and a focus |lens 51t5 are different fromthose in the

i mage proyveebmvoid@sof the fifth enbodi nent.
350 et
Tledr

conpri
SFI |

pl at e
1.525.

mat eri a
formulal (1) i
f ocus |

BK7Z by

SCHOTT-AG

FIRST FACB 1448

el -udes-—-al
He+Haes

and a skcond

ice 5He3.8raB

rsbeold FRENT4Ab
ng t%¢ .60

fng table 15.

[0167] The beemysmlopndier: 50t5 is

Eé§§1mﬁth sides of 5 mm nade of the glass material
a phase plate
s refractive i ndexes of
The focus |lens 51t5 is

52t5 in thickness of 0.5 nm The phase
n640 = 1.5 15, n530 = 1.520, n450 =
made of the above-nentioned gl ass
aspheric shape expressed by the

The center thickness is 1.8 nm The
51ta facing the optical deflector 13
splitter 50t5. Data on the first and

In the table 15

] FIG 27A shows a spot diagram on an

)r 13 is in the reference position
= 0, sway angle = 0) in the optical

t he sane when the optical deflector 13
= 15 degrees) around one of the axes.

second faees e—shown—A—thefoltov

"E-On" s} gniK i 10 n . Tabje 15 [01

i mage prafre—when—the—optiecpt—defects

(stationary pogit 4697686104t i on angl &

scan unft—tectT T whirteFG1T 278 —hows

is rotatedBat 15 Rgh8¥s08sway angl &
C -2.17429E-05 0
D 1.23840E-06 0

[0165]

The second lens 14B is made of the above-mentioned glass material SF11

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
FIRST FACE 14Ba|SECOND FACE 14Bb
r 55.69676 -21.45130
k 0 0
A 0| 5.65731E-04
B 0| -1.38671E-06
C 0| —1.68803E-07
D 0f 242731E-09
[0166]

In the image projector 1Ct, 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]
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[0170] In FIG 27A spot positions of the RR G B colors are al nost
coi nci dent wi t heach other when the optical deflector 13 is not rotated, and
in FIG 2¥B2wftwymoase in a very snmall area near the cent ecTab2dpvesicnmge

f:)'oacg'r ﬁf?@ﬁéﬁ?ﬁgﬁ%ﬁé@f% & QSPE’?‘%%%fP??} b %E%ﬁ%jiﬁﬂﬁﬁdég' g6, ™ g
| | i Ond T

rcr§| §¥ migs aﬂjf i %ngﬁlsin%ﬁ%téfa@'rghﬁé @}%3%@%?&9?%24‘@ }r%fphsze AR SRS o
i 14A, 14B i . i

boom suRickhass 85055 Gomet nibe Bhase Baa aAtarias fohast v tesen et et b 1o,

Furt her, although not shown in the draw ng, when the optical deflector 13
i s rotdvsed atos ndé(g?eleézédeflecti on angle g = 30 degrees), the scan angle
a of a |light beam havi ng passed t hrough the deflection angle conversion
elenenﬂolggh i s about 45 degrees. Accordingly, it is confirnmed that the
defl ection angl e conversion el enent 14t5 can have defl ection angle
converting (dmleafiogundyn$ dntd iomadeShkthe Endoctimmentidngdglasy mateskill BKghone
40 incorporating the i mage projector according to one of the first to third
and fi fSGHEOMIDN Grentdshas adessphiclhadshapd expfesseddyy the Fo@EDula2gly, iRk fHisG
28 is a side view of the nobile phone 40 on a plane for exanple while FIG
28B shawsbddimembi IEhepbeonerdthicknddsGs 2BAnnfien Thofoéhe leny SMAinEhiled2qd
The nobi |l e phone 40 according to the sixth enbodi ment conprises a phone

body 4 firswifhbe & 1k£¥abBiH Phié dpitival RBIfle4dR 132288\ Ee X d ifOEe 43 th Tabivl e @
not - shown screen display, and a shaft 43 rotatably connecting the phone

gggiyl fel bg)eﬁgggpltih@r SOYSr  PRfth IodNtA2fir A 0 SHd di0ta BB shBwiE Hard1Mgwing he

table 15. In the table 15 “E-On”signifies 10™.

Table 15
FIRST FACE 51ta| SECOND FACE 51tb
r 11.95774 93.94806
k 0 0
A 2.87818E-03] 2.69767E-03
B 1.59861E-04{ 1.15924E-03
C 7.04233E-05| 1.91127E-03
D 2.00773E-05| —-1.14693E-03
[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 10Ct, 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 with
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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 bodyo4of/maori3t he cover portion 42 are away from eachietdensiat: a

pr edet efghNAfle Rl 1 Odp3h! dLANGoFAS! s ANE A0 ol IERYSS7IDRALY AP 42

I ncl udes ‘a projector Ich 1's conprise e’image projector accordi ng

to the pLeseut, AMYEN ol B0 cRRakes d TRAES An,2 PIedelsl Fldiechieast shan [0

the optd ¢51Y &%) I Tectton. e presen 8ar ment® e projec

fi t ' ' 4 I 45 ich th bi.| h
201 n S ERRE e R Bl o BB el el e e Bk afie 3Ry 4

1) is placed. [0174] Th i cal, axjs direction Lb (em sgion direction of
i ght weopd lgpses gﬁ?\a 388 @@éeéjafltfgerﬁnr gia%ssmﬁwémrpﬁe@er%Irt&fqlv%apdnvhe
pl ane 45 so that light is directed fromthe top face 42a of the cover,

por ti onl Ut camped s eplof bepradinn. 451t is predeabladhata glass matenighgegptical
projected on the plane 45 by the projector 44 in the same manner as in the
above ditadifthatférstmpdhspcontdrigpeeoil dal, 10 eremptionallyseldcied oatsetl Wyh ¢hai n
doubl e-dashed line in FIG 28B) because the optical axis Lb is inclined to
t he pl dreamt5plither H0tperaittiat ogéfcal rdtinemts dakde into ceosaltratonol [Fasher,
[0176] The size of the nobile phone 40 and the position of the projector 44
i n the aidiidgh pboskowa iav thepd edeing, winad thd loptefadrdeflecztel $8anaetdtedmtal 5
light emtting point of the projector 44 (deflection angle conversion

el ementddgieéd ed @lomeoaagiy aenBe)ddgret i the Gicafitdan@ie o 8Ne 10Fhttheini having
positions can be determ ned based
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 exémple while
FIG. 28B shows the mobile phone 40 of FIG. 28A seen from the arrow A.

[0172]

The mobile phone 40 according to the sixth embodiment comprises a phone
body 41 with a key manipulation part 4la, a cover portion 42 including a
not-shown screen display, and a shaft 43 rotatably connecting the phone body 41
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 41 and the cover portion 42

are in parallel to each other, and an open state in which the phone body 41 and the

cover portion 42 are away from each other at a predetermined angle.

[0173]
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on settings of a projector node of the nobile phone 40 and a positional
rel ati on between the nobile phone 40 and the projection plane. In the
present ewbadiomant73 the position of an i mage to be proj ecrgd2mwosibe pl ane

45 is determ ey (i f hey | ] i{ti. i N t he
pr oj ect or 4211 Fgﬂ? E@égﬁg%@o}g}q{h@%@&% r?g{e%%p?zof%%q{& }dgg)rg é%’d?%og?ﬂ 4t ﬁ'g%h
optical, axis relatiue to the plape 45 and th osition of the phone. body 4
on' ¢ Hia SBrhrLeEo! e ibad o 8r 9B actasflts b TabRrdssnE Bvenelofaft Migie tah

i mge i.s def orned traPezoidaII .an t.he _pl ane 4 relgtive to a pr.oper

r ect andM2&ES i VgL GTRInG 1PB iBhiteontcahariHueetighs HasEE BieseRhge
data are corrected to formthe proper rectangular inmage 46 based on the

ori gi n&MRHGE; Gheprojrsioydf s renissuies: 1oPreisht dR IMaeHABi Ok 2pPigRE 43
performed in the same nmanner as in the third enbodi nent so that a detailed
descri P onhichetenmodilgrirhang. 400in7 e | ¢pahestpieojélke ofo YRId@OBHORNE2ndbi | e
phone 40, the phone body 4 1 is placed in a predeterm ned nmanner (in the
open stpgrpendicular for pheme bedcHi)nsmipced project an i mage onto a desirable
pl ace (plane 45). The nobil e phone 40 projects the inmage 46 on the plane 45
accordi[Ag74p a |ight beamfromthe light source 11 ( 1la to | ie). By

i ncorporating the i nmage projector according to the present invention which
can perform dheseptiedigexis gt Leqeinissionhdireofioh @ fbhghtesdificedrn ¢ Hghet a
| arge i mage on the plane 45, for exanple, an A4 size image in a range of

about 24dr¢ew 1ot DEc)ef iclihed rangive eOnHerand £3 eoetHat IdghtNd Ritteeedf a
currently popul ar nobil e phone in an average size as the nobile phone 40,

it is YeoM BRYplRAcEA2 P08t 886& H61218d B2 shh i gC8R thd BlaROl o Ahe tpfne
projector 44 to the plane 45 in the optical axis direction (or shortest

di stangg fromthe emtting point to a projected inmage) to about 240 nm or
nore. Accordingly, the nobile phone 40

[0175]

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
oﬁ 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 41 on the plane 45. Accordingly, it
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can project good | arge inmages in at | east about A4 size on the pl ane 45
W t hout trapezoidal deformation. Thus, the nobile phone 40 can provide a
very usefwb 2proajiecsor function to project about A4 sizepcragem/os27f or

| . . . | i ) . ’ f
APl 5o 1S3ty el BRI ARE( o ROAEE iFUehBhea \DEEIRNERLMn O
very cl gse I nclinatiqn of cal I s.dir i on, Lb

ran oW to the e ti e
Yol e aEfe 3T 39 A Bromi e A0 dibake 4o nER O ol T £ sBBA L
inclined to th | ane 45, the, nobil e phone 4Q can,be placed in a position
out si dd%Gaar Balsd BRdiniae (R BiF GRTTRETThE) ToBR the HOPEL CEUTARLT TORES oas
with the optical axis. direction Lb perpendi cyl ar or al nost perpendicular to
t he prdﬁ%é%ff%owtgﬁé{rlglﬁéfh%gFeﬂ%%lne Ege ilederaapp fOrEectiqrp iy dhe,meRide on .
[0179] In the nobile phone 40 according to the sixth enbodi mrent, the phone
body 4phong i pestprmed e Gisepameamanngt 3y of dbei Hyrdrembedisnent spethitame
45, however, the present invention is not limted thereto as |long as the
pr oj ectdstailedhdesomptian therquar fsopmétiedn a predeternmined state for a
desirabl e projection plane. The projection plane of the nobile phone does
not haJf@1¥@] be the plane on which it is placed, and it can be a screen
hanging on the wall, for exanple. Also, in this case, it is possible to
proj ect | argénsheerbjmges nedenot thamiye phoae 40, ahephione bahgdl ifGla8éd As
descri bed through the above enbodi nents, in the optical scan unit according
to the jpreepedetdriyidRti @BanéM@ndat! (i oatangliee paseat shilio BhREENto Pa@ject

negati ve power to convert the deflection angle of a |light beam deflected by

the 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
lic). By incorporating the image projector according to the present invention
which can perform close range image pfojection, the mobile phone 40 can ;;roject
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 240lmm 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 optical
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optical deflector into a |arger scan angle. Accordingly, even with use of a
rotatable mrror with small anplitude, it is possible to widely scan with a
| i ght beawoviwrerapesti ve of the upper limt of the anpli rudgrangdoqrenj ect

| mages aix'?s i e%li%nctgsiﬁcgﬁggqa tﬁxg]plggilt .4%““1@%0&19331-&?@ £ LR eagﬁllc%d.in a
conversion elenent can be made of a Single l'ens s at 1t nmakes easier to
downsi ze the optical scan unid ,scanpning.at high field _of angl.e .
cont i BURTAE™ e HRhsT 5 Rae T ke 35 of Eraic nebHSoM! % RPRUEriss imags:
unit. [ 82] Further, the deflection angle conversjon elenent can he
conpr | SUHeBHs e BRUEA REECTCPEuT dh BSOGIUEL Ao P TEPY. PARFRAIRALES |
possible to reduce col or aperration of col i mages for by_use of plural
i ght éedﬁle&r%ﬁffél%s Tife thA MARige PHPaFCtd Block tieestn, Telds 5%@%eni n high
quality without color shifts. [01 83] The optical deflector is conprised of
the firl8878&fl ector portion and the first deflector portion integrated with
each other. This enabl es downsizing of the optical deflector, leading to
downsi zi ng t e thatmekile phiongl 4G eesondang to[tbe s@xth embodement,Haegitongapody
defl ector includes a mirror portion rotatable by the first and second
def | ectddr ispplacedns thadpehetatecioderogeciimg enomazgel amghiie planm 4g\hawge ypas skeel
t hrough the divergent |ight conversion elenent relative to a normal |ine of
t he m rpresemoiiveamidns isabt dimAsd ddgee@saoiohgsss. thdipsoearor édhutéon nagebe
deformati on due to the magnitude of the incidence angle. [01 85]
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.
[0180]

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.

[0181]

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.

[0182]
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Further, the optical scan unit includes the rotatable mrror portion and a
beam splitter so that it can reduce color aberration of color images forned
by use ofwplaurealioi7izght sources and generate images w t hegtrdaooemti on due

to the magni giids, of tthgkﬂ‘é SHCE?@%glcgnv'A&qugﬁdél%%eynt tch n' Be p&?rﬁgfi'sgdté?f

provide an inage ptojec or I mages w hlgh qu
t hout I Furth di t :
the T abEll halll b B Rt WY e BRE R ol Thisr PaltS P PBRE M g Fabre
B f t abl t
wih orgier a‘a%ﬁ?ﬁﬁﬁeﬁjﬂlorgnﬁésé rlaeﬁobuﬁﬁafgw P%E%ﬁ it sautierg fnd Bl €
irrespective of the upper limt of the anpl.i.t nd proje i ma S|na
very c|aaslén%ﬁnaaowsé&<§owhmh Fan fouB;igages dnrie t‘bH ity w&%@flaﬁp lagghitpeed in

a longer tine so as to correct inage deformation and unevenness

i nbri ghPh&3k. [0187] Further, according to the present invention, the

di vergent |ight conversion elenent and the defl ection angle conversion

el ement eachTihecoptieal deflectaress comnrisathioff ytheyfimett defleatarupdriioe ansk ileal
axis. This facilitates the nmachining and assenbly of the divergent |ight
conver fishdeflestont pamibit heededtedovitbreazhgitbeconbis enablek etvevt sibagnof éhe
manuf acture error and assenbly error thereof can be set to a | arge val ue.
[01 88Jopifivial deflectdre ldedingcto dowasiping che\catist @ptRiatsenh wdn be a
rotationally asymretric lens so that it helps reduction in deformation or
di stortipeg4pf images on a projection plane projected with an inclined
optical axis. It is also possible to inprove quality of the spots such as

the spot sizeuatrSRRE dpti@NISiéMector 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.
[0185]

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.

[0186]

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 in
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[01 89] According to the present invention, the deflection angle conversion
el ement includes at | east one aspheric face. Because of this, it can emt a
| i ght beawoabiomibasger scan angl e w t hout enl arging thepspar2mdsaon t he
projecqhganﬂggge. [ 0190] According to the present invention, the inage

proj ectorincorporating the above downsi zed optical scan unit can project

| arge i g with little deformation in a very close range. It can control

t he Ii&ﬁ? Z ission timng or anount of the |ight source and project good

i mages on a proj.ection pl.ane th little trapezaoidal. def ormation, col or
Shifts, and GAEUEnBECoTHE P JhE RESSCRN RIS d0E UXEEETH| Fggeonversion
resolution. [0191] Further, according to the present inventjon, the vehicle
head- u&lemgﬁ{ APd HRerdflestiog %rfﬁ’éeaﬁ?ﬁ‘éer&bﬁ)%s‘?lf@&nitn%&fgl pRefudet dencdacedhr m
| arge images in avery close range and provide good i mages with high
vi si bi ITet3tiqually gympaetrig roong ther pabeal @pés.dowhis faeilitategeths opachisimsf
the vehicle head-up display can performthe close range projection so that
it can dnd p3sgoddyiof Ve idoverggnedghif cenwerhian elerent a3 the amithiaien enghe
present invention, the nobile phone incorporating the above inmage projector
can pr gjoacergooclemrege becages manwfavary arosandaasgembly rowtr thereefisiangb¢ he
size thereof and provide themat high visibility to users. [0194] Although
t he presgend ailaygnvahre.has been described in ternms of exenplary

[0188]

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.

[0189] -

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 a
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enbodi nents, it is not limted thereto. It should be appreciated that
variations nay be made in the enbodi nents descri bed by persons skilled in
the art wwohowwoideparti ng fromthe scope of the present pcmuenind/os12as
define £ oW Gl 0)

conpri Sﬁe%:clgg? }%lFée é\h&]%rgl’? n%%pﬂnggvgér\’gﬁth?gﬁ Vq?lblﬁ g? glndortrllvérllerrent (12)
havi ng T?? positive power as to convert divergent light fromthe Iight
source ? into conver gent Iight to forma spot on a projection plane
(Sc); an opt| defle tor deflectln from ver ht
Conver o1 on ellGHHE (ho fomnsized iBRes IR dHpEoT bR albls Seadbi Csapy oat
direction which is orthogonal to, the first scan dlrectlon and a deflectlon
angl e sHiRIRitBA dPeFraAREe PAichiAThEe dhah ihedRths Blarsdetn yariogsasee il 3
deflection angle of the light deflected by the optical deflector ( 13). 2.
An optﬂ@@hcgban unit (10) according to claim1, wherein the deflection
angl e conversion elenent (14) is made of a single lens. 3. An optical scan
unit (AI0)193¢cording to claim 1, wherein the deflection angle conversion
element (14) is nmade of a plurality of lenses formed of different glass
materi al s. 4.Advordjpig cal thec aresemni tingt0yioac abedinwditeo pbbat mntorpdmatmignthe he
optical deflector (13) is conprised of a first deflector portion ( 13a)

whi ch d@blvedinsadd pidjetforroanhgroje steg ged i algegint ageaninesd sieoy céd senmamige(wzhoun
the first scan direction, and a second deflector portion ( 13b) which

def | ectifctda@ig ftﬂi@letehﬂle@éé’ieélg&@fro{/i(ﬁhﬁhe(hﬂlavmgh @isidliefetd ukdd) in the
second scan direction; and

[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.
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the first and second deflector portions ( 13a, 13b) are integrally forned.
5. An optical scan unit (10) according to claim4, wherein: the optical

def | ect orw 288)01071761 udes a mirror portion (13c) which i scrapziabéie7by the
first and second deflector portionsd A 13b); and an incidence angle of
traveling light emtted fromthe |light source ( 11) and transmtting

t hrough. the divergent light..c ersion .el enent (12) relative to anornal
directi 6h of “'h& mcarr;llr%cra"g%?]tti@:Q\f(cfglc%rl?lgg’set to be 45 degrees or less in
the first and,second scan girections. 6. An optical scan unit ( 10)
according to?di ﬂﬁQﬂrC?iﬂﬁ er conprising a beamsplitter (50) between the
optical deflector (13). and the deflection e conversion, elenent (14) to
make a travefRidiycrEenddis ncqurﬁwelem%teﬁag MEVRG SUFR osidye pos e af1§° and
transmtting through the divergent |ight conversion elenent (12) caqincide
wi th acasyemldigergent dahbframdhgilighir sgeei @d) (ase popmergendlaglinte fouaia i on
inthe first and second scan directions, wherein the optical deflector (
13) i nébatesn aprdjeebendene dfcf;13c) which is rotatable by the first and
second deflector portions (13a, 13b). 7. An optical scan unit ( 10)

accordi ng toaul aptica] vkéleetor (3¢ defiectingdefigktct bon U8 divecgemt ilsght of
an optical vibration el enent which reciprocatively noves around a support
shaft iconvéssidn ed¢mantd(EXBciona fasapcai daettionsndamdevdred ecan defeetiomt which
optical axis is a traveling direction of |ight deflected by the optical

vi br at ii98r@loponatl toviee firfke sopt deRlctivnbraadi on el ement is in a reference
position, a deflection angle q is an angle of traveling light deflected by

the optical defdfecdifin h8hR cY¥BvERiIdNRISBER E1Y) RAvioR! 163 né‘%ﬁﬁvqs Paver sLan
angle a is an angle of traveling light converted by the deflection angle

conver g, QBnGLAPALfIe.tidn ¥l DR 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 a

76



referential optical axis, the deflection angle conversion el ement converts
a deflection angle of incident |ight having passed on the referenti al '
opti cal awxo=0{ddd7730 as to satisfy q = a, and converts acagbieevéien angl e

e to SRR il b IRCRRLBERRMORT ST i SHPSTELE RGP b RS R =0

wher ei E:I\R}]he optical def(#ieé:ttor (13) is conprised of an optical vibration
el enent™ iaBﬂ Sre88f1§t588'ét V& i/ox}ﬁ)ves around a support shaft in the first and

second scan direct.ions; andwhere a referential optjcal axis is.a traveling

G roct fon of AT GRHCELHALER [ AROBITED ity o SR SHIRESHEn | 1o

optical vibration elenent is in a reference FOSi tion, a defleﬁtiffrh angle g
F €

is an angl e @fbsamvplittiy (IQnbetngancthegrpigat Heflsstorchl3gand & R ve

to the referential optical axis, and a scan angle a is an .angl e of

travel iangl¢ cghversoom elemanbil4hto aeakceettravel g liresbnneeislight spuptedt from
relative to the referential optical axis, the deflection angle conversion
el enenttheohight tsouacaldflll @candriramgrhigtiofg ithoduntthe i divierpenti highpaserversion he
referential optical axis (Lb) so as to satisfy q = a, and converts a

def | ectelemeandll 2) afoincidiedernth lai gbtmabtditetiong ofahseshiomort herticaf €1 20} iiala
optical axis (Lb) so as to satisfy q < a. 9. An optical scan unit ( 10)

accor diragerefic€ lpakitidn invilee €irst hhe sdcvad geah ditghiomowiegreimn el enent (12)
and the deflection angle conversion elenent are rotationally symetric

lenses. 10. fge QBiiicﬁﬁHeﬂ_@aferﬁlet) i0&Q)d ACL B fio?P dréi odl @) lwhie@rigirotitadle
defl ection angl e conversion elenent (14) is a rotationally asymetric |ens.

ISR achis (ALeREogstan osthaby | sherel oL Teast one

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 0 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 6 = a, and converts ‘a deflection angle of incident light not having
passed on the referential optical axis (Lb) so as to satisfy 6 < 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; and
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I n aspherical shape. 12. An optical scan unit ( 10) according to claim!l ]
wherein an optical axis direction fromthe optical deflector (13) to the
def | ecti omoanglaoenver si on el ement (14) is inclined relpatriJvmod/osiazi

proj ection plangeuhy ‘}Qréxﬁl%"&égdtalrfgaﬁé g@@lthzyveﬁ Hﬁ%c}’feb%ﬂﬂ gfﬁt ilgq%t%ﬁtlgyd in

the first an secon scan cal | ect

ikihe S RAE IR RE N b shfr"%éﬂeﬁkemglg  {heldgs.

pr oj ect conpr accor

0, S A P AR ol T

control sd ght em ssion of t rce, a defl ctlon ang ‘e
cont r olde&iacEen relasive tgnihenr B iAloonticalr Peist 25 aaﬁ&}‘éané I3 S pEgle of
deflectoréélB) and an |na%§ processing circuit (26) whjich approprlately
cor r ecttEav; light crayertaddy tededlegiin® anale eenvrrsiomgle et elafiyhio th
defl ection angle control circuit (21) and the light source control circuit
(22). raferantiehi epdchlezaxinp the sgeHycdeni eagla0jormiponsialgment ¢omypsts 2
projector (1) according to claim13. 15. A nobile phone (40) conprising the
i mge pledjesttoor afgdle afcinoidiéntdight kdding @:Bsed on the referential optical axis (Lb)
so as to satisfy 6 = a, and converts a deflection angle of incident light not having
passed on the referential optical axis (Lb) so as to satisfy 6 < 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 1, wherein
the deflection angle conversion element (14) is a rotationally asymmetric
lens.
11. An optical scan unit (10) according to claim 1, 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 1, 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), wherein
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the 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.
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