WD 2010/ 010773DESCRI PTI ONPCT/ JP2009/ 061271 OPTI CAL SCAN UNI T, | MAGE
PRQIECTOR | NCLUDI NG THE SAME, VEH CLE HEAD- UP DI SPLAY DEVI CE, AND MOBI LE

PHONE Tegogdioie! d [oodl]  DESCRIPTIONesent i nvent ipgdyypejodiogissi 0 an

optical scan unit and _an_inage pr(%)\#ect or_including the sane. In (ticular,
't 1ol at cOPBIGAL 64N ST EIRA G FROIECHOR TNSL BN G781 S AMIbes on &
projection plane by two-di nensionally scanning with a |i %ht beam by use of

an optical JdeVEHICSE HEARMEDISPLAY BRVIGE, ANAREILE RHONRa| | - si ze

el ectroni c device such as a nobile phone or a vehicle head-up display.
Background Art [0002] Heretof ore, an inmage projector has been
wi'despread, which conprises an illum nation systemincluding a |ight

source, a spatial |ight nodul at oTechdidadtfiabl i ntensity of light fromthe
illum nation system and a projection lens imaging the |ight nodul ated with
t he sppgo@al} | i ght nodul ator. There has been an increasing demand for
downsi.zi'ng of the inage projector. [0003] Al so, as a |ight source,

an LED and appd Brédeds §hvehRse ke havetP8R bRl Isehn viitdand S8 ags #@®jector
el ectroni c devi.ce such as a nobile phone’incorporating an i nmage projector

has b-eﬁ{blggﬁﬂﬁegﬁmg.OOQﬂ]nparticular,Af‘?léﬁ%s kd G H{laéﬁ%‘je@i@tj QHiOh MSifag an

optical sc as been proposed. In this optical "scan unit, an optical

e T

t wo- di NERsT ONAl y scan proj spots an

two- di menslqual, Lumae wsing aLLPRLABYS: Shia%hicn s sifble to be mounted in a

small-size electronic device such as a mobile phone or a vehicle head-up display.

.. Background Art
[6002]

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,
anﬁ 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 projecfion

plane with spois and form a two-dimensional image using afterimage effects.




Such an optical scan unit adopts a polygon mrror, a galvano mrror, MENS
devi ces W@@Mﬁ)@@dﬁi ed by MEM5 (Mcro Electro Mechani calp /$2 Oﬁiﬁghnol ogy,
or thS ke for a otlcal def | ect or (feflectln alig eam romthellght
sour ¢ u°bo%5qpf1° scan padt Adogit 1% Aolxeem TN As 2 ‘ﬁﬁnabwmqrh

proj ected i mages_nay have various kinds of deformations due to the

t wo- d#ﬁﬁmﬁdﬁanuga&a‘mﬁdnay MEMS dMisiro sblagitiy Mehansedlof gstemlatachueles enpt s
have been nade., [0006] One exanple is an optical scan system as an

f - ar cOF ke dikeckes amontieak deflectar Ideflesyimeea lightdreape framdbhilight swomse.ant
speed scanni ng and correct. i mage deformation, as disclosed in Japanese
Unexab@®@®d Pat ent Application Publication No. 2006- 178346 (Reference 1)
for exanple. [0007] : Anot her exanple is an optical scan system having
a rotati onaStgh anyoprtal scarefunéchaye pasiHeho thar pesjectedpaageédalay have
deformations or TV distortions, as disclosed in Japanese Unexam ned Pat ent

Appl i eatioan kRndd bﬁ@"elf@ﬂnﬁ{@onﬁGﬁé-ta%elﬁ?o—ﬁﬁﬁ%ﬁﬁﬁﬁﬁﬂ séanhidg, eXAPVRw b§008]
Still another exanple is an optical correction systemas a columar |ens

W th oReREANR prbEel)ivabiouQrdtRGh StsUNBMERE&S mdde. bri ght ness of an i nage
caused by scan angl es, as disclosed in International Patent Application

Publ i dgg@n No. WO 2005/ 083493 (Reference 3) for exanple. [0009]
There Is an increasing demand for an inmage projector nmounted in a

sl |-size ghect %ﬁbfaﬁv' £fie oBfigfl "B & Bafeal Copor LOLINE 61 R3S 1519

projection I'n I mensi on imagesTare torned in a ver

close o] repection he cl ose

ot o7 oS BRRal bl ﬁ?@ﬁez 8, FIEE) ‘E)‘i’b*fgﬁgé?ﬁﬁgzifﬁé‘flb%ﬁ_ﬁ‘?] 38H~°1°5a|
rojection (o Iane nal to a travelin ti f scanni n
i ohe? ‘Bé%‘ﬁ)é“f aﬁoﬁsﬁ pIke: J&PﬁPSF%a‘rV’Pﬁﬁarine%efﬁqtﬁ%sffapﬁfaﬁl%ge 82
on a e ql hone 60 pl ac as shown in FIG 29,

for eﬁaﬁgf’@.w?ﬁ\g \rg\g@(%] ?Bﬁ%é(gﬁp STREBY r%r#&f EX3EP ?Fmage proj ector as an

ul traconpact projection engine. The inmage projector is required to be able
to prEﬁ a good two-di mensi onal images on the plane 61 and to be an optical
systemwith relatively sinple structure unlike ones in the prior art with a
conpl ex st rdopthes iexamply df monj eptiedlz capn. sysoonolhaving a Hotatienally her e
isalimtation to the deflection angle T of the optical deflector included
in a aMBvBmetnic aeflectivieefdciekie. céoeciekappteidadtdafhemativnman ¥ distditomsangl e

O of the optical deflector being 8 degrees, a scan angle of a |light beam

wi || bedistbostehirebmparst ixiexabiiaecd fdteni Apgtication Pulblitaion NooREH W34
total angle of field of 32 degrees. To forman A4 size projected i mage

usi ngl§Ne¢RePéteadt Wefolraxiadipiet he snall -size el ectronic device will need a
| ong di stance over 50 cm
[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




[ 0011] Therefore, it is necessary to deflect a |light beamat an
I ncreased angle with-the optical deflector in order to achieve the close
range preped1i/@n’®Bn the optical scan unit which two-di RERIPEINN6RTISCanS.

[ 0012]vertical préj@WRYET (ortd% BRineC&thS 8RS h aFEvlims H@&%@idd‘oﬁﬁf&raﬁgﬁf%r 1

and 2 are so conplex and large structures that they are not suitab
smal | 154 ep&lrfif id %”él%.sger\éhgé%lﬁsaléo @ngéc‘%i QQ%o-Eﬂﬁx?éiro%aP‘ﬁn[a%%'é?%e for
achi evifig size' reduction afid close range 1 age projection at € sane tine.
[ 0013]... e he. QpL.i S |sclosed | rence 3 rrects a
5 0Bl s e e 2 st 68 DY TaTeb P i SRR o s SR E o
scan eed constant on ,.an.image plane (projection plane) for e purpose of
2chi evilirg TP B, AOSPeq it SEOMUBHE fi T ARGWRAAPEIOR, oF oo WAGPEEREEe or
teach a conpact scan systemwhich js abl.e to prgject a | arge i npge on
pl ane ArpreEtinn Fogise ﬁﬁg@agﬁ QPSSP inregpie n%i?ﬁ Bhlel gbfmect good p,
obj ect. of the present invention is to provide an optical scan unit which
real i 2%9-dimenyjenat dmageg enudhagptameodli @ad defbecewroptieal Systam| with
defl ection angle, - an inmage projector which can project |arge i
t wo- dirglativalp simplagémicitwreaunidke ogiesda thamyéor artawithve kool ek sdthaipredinpl ay
and a nobil e phone incorporating the inage projector.

view of miniaturization.

[0010]

- " However, there is a limitation to the deflection angle © of the optical
deflector included in a MEMS device or the like. For example, at the maximum
deflection angle 8 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 smali-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 they are not suitable for small-size electronic
devices as a mobile phone. They are not suitable for achieving size reduction and
close range image projection at the same time.

[0013]

Further, the optical scan system disclosed in Reference 3 corrects a




[ 0015] According to one aspect of the present invention, an optical

scan uniwo eaomiorees a | ight source; a divergent |ight I“(ﬁ'?jf‘x‘%@}tﬁ#ﬁ' ement
it as to convert divergent light fromthe |ight

havi n uc osi t.i ve_power

sour caeﬁﬁ’t’gogo‘?ﬂ&l%%ﬁlg\ﬁg?ﬂ maks §PR} £C8potPSd SOPFIGNEQN GA Prage;plane

opticEé defLec&ﬁr deflecting light fromthe divergent |ight conversion

el eneRTYECEOR iHlare)s fom the PAEPPHH odner e ¥ing wai fyam baighdnessodisthibaiions

orthogonal to the first scan direction; and a deflection angle conversion

el eneHORKErndt Saidh taedisclese povieachsa compantesaana systeheothich Bngbke ¢b t he

| ight deflected by the optical deflector. The positive power refers to such

| ens praject adatgs woageeon applamel i@l 2 Meghtloset mangenver gent |ight while the

negative power refers to such I ens power as to convert parallel light into

di vergent light. [0016] In one features of the above aspect, the

defl ecti on angl e conversion elenent is made of a single lens. 4 WO

2010/ 010773PCT/ JP2009/ 0612 BispcOsxLft of the InveRAtibae ot her features of the

above aspect, the deflection angle conversion elenment is made of a

pl urafagm]of lenses forned of different glass materials. [0018] In

the other features of the above aspect, the optical deflector is conprised

of a first ARldUIELOBE BRL bHARnYEA i EEh Srbl Y ol RMCHIScth (REOMA T ON!
on, an efl ector

conversion elemént In the first scan directi secon

ti ) ) . . Liah ) I C
Phe. o SUage sCA Bnal Silink IbAAC, CUUALAS i Wi RN AR SnglEt ' "
i nt . . t h t f t f th b t,
e ot ket G0 ot PRI pomproiech Taiagr i s ASRiRL a8 es Gf G GV 1858 | he
first and second gEfll cta][ lfﬁ,riti ons, and aﬁ i ngi dence angl e, bet ween a
nor mal 24E% 808 H¥eBicle peafiyn gisnlay @ngha dpebile | IDGGTRATALNG i BRage ght

emtted.fromthe light source and transmitting through the divergent |ight
convePVBHO% enent is set to be 45 degrees or less .in the first and second
scan djrections. [0020] In the other features of the above aspect,
the o dl scan unit further conprises a beamsplitter between the optical
deflector and the deflection angle conversion element to make a traveling
direction ohceargimg dai onedaspesinathehe inyhsentoimeentiond anavpstigalt seap tthribugh
t he divergent light conversion elenment coincide with a normal direction of
t he néomprispora ilophi soarcef er divergsasi liphn d¢anvelreiohi re$¢mant leadngdssean
directions and the optical deflector includes a mrror portion which is
r ot at pddicivieypdvher 43 ts coanertséivengbmteli plr fromm phé tightsour0®24do convergent
light to form a spot on a projection plane; an optical deflector deflecting light
from the divergent light conversion element to a first scan direction and a second
scan direction which is orthogonal to the first scan direction; and a deflection
angle conversion element having such negative power as to convert a deflection
angle of the light deflected by the optical deflector. The positive power refers to
such lens power as to convert parallel light into convergent light while the
negative power refers to such lens power as to convert parallel light into divergent
light.

[0016]

In one features of the above aspect, the deflection angle conversion

element is made of a single lens.




In the other features of the above aspect, the optical deflector is
conprised of an optical vibration elenent which reciprocatively noves
around awsuwepib773VWO 2010/ 010773PCT/ JP2009/ 061271 shaf tecirrypbdaenéizist and
seconctoi? 3 directions. Further, where a referential optical axis is a
travell a irection of light deflected by the optical vibration el enent
When the opticagl vibration elenent js in a referenc ositiop, a deflection
angle 0 is dff RfgPtheds "-PF‘H\?éI‘?{r%‘q Pbm'e JePree1tag ‘E“gf?‘f‘ﬁé‘"bﬁflgg%ﬁ"’aé?'isé‘&'? or
relative to the referential optjical axjs, and can angle a is an angle of
t r avel §laEemt 4R Enadiot arRlurality pllanses dermg Ofn%lf rephebsss watestafent
relative to the referential optical axis, the deflection angle conversion
el emerli00d8dverts a deflection angle of incident |ight having passed on a
referential optical axis so as to satisfy 9 = a, and converts a deflection
angl e of 1 ndnddetotheylicatmots bbhvhagbpue sepeaetn thhoptishbdefliectdr isptdrsprisedi s
sa as to satisfy 9 < a. [0022] In the other features of the above
aspectof 4 fastdefiegrntpdright whinhvdefeots légknfom dnddivergdnf light conversgde
conversion element are rotationally symetric | enses. [0023] In the
ot her dleplentda bk fiba ahavéirasnes! and heseafdddtflestangbRicpEERidefiglenent
is arotationally asymmetric |ens. [0024] In the other features of

the aboyg: AoReEhe dMfergaSlighhBchdeRidh cldifefeid G §UbnANd 2 ERBYEES] PR
elenment "is fornmed in aspherical shape. [0025] In the other features

of thanabeus APERon e BBLbERL AR TbHABAS roth the optical deflector

to the d ecti1on angle conversion elfenent 1s Iinclined relative to a

pr oj ec[ﬁduq@ pl ane which is two-di nensionally scanned with |ight deflected in
the first ;nd; second scan directions by the optical deflector and emtted

vi a the deflection,,angle. conv ion, el n [,0026].. .

2010/ 0107 73RET oo RSB EHY o Bl BofLE MR Rber, B Gicalhe Aepior ingludssen
present.inventj.on, i.ma projector conpri.ses the ove-identifie

ot canitsphpoptip whinSadtnbid 5B HRF Rotisergn i eiRo hpdins, 4 oo
wherein the control unit conprises ,a |ight source contrql cirgcuit iLch
cont r ois1qenge angleshetsyress a mpamal ghrectinn oé hs merpEAerdAnARg & %Y\AQ.H&
circuit, which controls a deflection angle of the optical deflector, and an
i mage directien ol lighic amittadi B19ms Iheo bighst $9yrce ornd cranymiftinge ghiowede that a
and outputs corrected inmage data to the deflection angle control circuit
and t hdivierggnt Kght cenvemsiomielerneriuis 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




[ 0027] According to still another aspect of the present invention, a

vehi cl ewheafdoddre spl ay device conprises the above-i deifph ,05 ge
projecto Accordl(gg to still another aspect o e present

. [ 0028]
i nvenflﬁfﬁ négFébeF &ngrsendoirdni %ctﬂ%s abByEh P&eWPP’fq édefwg@a oFteed or .
Brief Descri ptlon of the Dr awi ng £ FIG 1 schematically shows
t he s¥¥igcisupdraveling idisgpdion sjfebigh d&&?@m vy the #pficadtvibriden lament t he
present invention. FIG 2 schematically shows the structure of an optical
def | ewhen the optical Mibratiom shementiscimegefenence ippisitianongledl ecsioar amgliead
optical axis Lb and FIG 3B shows a convergent light vith an inclination
angl eis( defanglei eh teavglimg0)ight| deflewded oby Hber eftécanteflectpt relativaxics théd when
the convergent light transmts through the deflection angle conversion
el emerdferential optidabaxd4y 4md 4Gcaheanglaphs shanghgofMeaseliag Nghtiesnwéritéd and
wi t hout the deflection angle conversion elenment, FIG 4A shows a change in

scan- gpghe dedlebtioat 41051 e a@iversiohl e@eufbatsemeﬁeat&h%m@fewlﬁﬁaa fpgeskisand
FIG 4C shows a 7 2010/ 010773PCT/ JP2009/ 061271 change in ]ghe scan speed

obtai Rddéfeetibh GnAB OnVRETTY LFReMeAPXb ARty dl UBBection anglE! &F irdidedt @
graph showi ng a sag anount and a change I n the sag anount on an 1 ncidence

face ﬁgiuahé %g n@as@e&}%ﬂ dé‘ﬁ%&@%&f‘@pﬁ@&l‘ £als s%xdsstoogattl{lig glefd egld 9811%19%

conver§i on el Is a graph show ng t san€ on an exi

U7 s Lpe B ST, PRI 8P MR i

axis sp as to satisfy 6 < 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]




FIG 7 schematically shows the inmage projector with a different reflective
menber fromthe ones in FIGS. 1 and 6. FIG 8 schematically shows an
| mage prwjoeavt@e10zxscor di ng to a second enbodi nent . PCTRPBN9961271

schemati cal | ' l.Ql r ' t hy '
F G 10 snovie SRR 3, 4RAE: BBRACLR @ aREEE iydhidbnl Wil SmBRR ot Er
correction._therefor, . . oFl 11 .schematicall h . el e . -up
i spi <SP BBEASES Bt BB ur AgerUOE R T AR e ¥ <SRBT R E0hGYREI6e
rel ati on.between a beam si ze on } rror port.ion and a divergent .li.ght.
conver SPERAI oL, wherein teContsol Hatke PSS 2 Lo AsES ihar gl FiXcuit
simul ation by use qf an qpt.i nal esj gned optic system (optical .scan
uni t) whegh sdnuplehiant ewwogrﬂfv%lf:ﬁh@fs%q%?uﬁée§66M%ﬂgle£°% P of
a nodification of the image projector according to the first enbodi nent.
FI GS. which sonplsydrflegtion angly ofcthecptieal edlagjor. madndimpegmrepesing he
i mage projector at incidence angles 9 0, 15, 30, 45, 60, 75 degrees,
r espectireeitywhidlGappeopfiatedy howreets sqquised norigesdatns and coutpRtsiroorfentedd.
FIG 17 schematically shows the structure of an optical scan unit of a
nmodi f i masgoniadd tbhthe deflection] engler cantd diinguit cartchéhs degintd semtiedicoeitol WO
2010/ 010773PCT/ JP2009/ 061271

circuit.

[0027]

©_ According to still another aspect of the present invention, a vehicle
head-up display device comprises the above-identified image projector.
[0028]

According to still another aspect of the present invention, a mobile phone

comprises the above-identified image projector.

Brief Description of the Drawings

[0029]

FIG. 1 schematically shows the 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 0)
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




FIG 18 is a cross sectional view of a first divergent |ight conversion

el ement wad 2dibB1op®di fi cation of the inmage projector (opidabesea7Hni t)
[ e second e j s .a crpss sectional

according to th odi t. |G 19

Vi ew § aneeesl@c@womnvwérﬂ@twﬁ Foam s 4Bohy osmalized margnabit etat | on of
the image projector (optical scan unit) a ccording to . the second

embodi:ment .FIG. 5A is gigeaplyghpwing asgsamennt ypdp cagge dn the sag@amapntng n
conbiner unit of the nodification of the i mage projector é&?ti cal scan

unj t Jaménideneg faes relativedon radive diremnthe optical ars@f the deflectiongagle
sectional view of a focus lens of the nodification of the inmage projector
(opt | eadvessiam ¢chententaand GG R = 4 igeapiesbowingtibeisameton an exit fHleG 22 is a
cross sectional view of a deflection angle conversion elenment of the

modi fi cati dl(bf6 sbleemhadgallprshijoact dre (pge padjestanwitl b)diffecentdiefledtive he
second enbodi nent . FIG 23 schematically shows the structure of an

| magempidieedrom theceidlimgIgola fifth enbodi nent. FIG 24
schematical ly shows anot her optical scan unit for conparison with that of

the image e} ectOhemsqOalY Nholwd {MReithkfd RrejeResk MBI a different RIfEBtivdA
25B show spot di agranms on an i mage plane when the optical deflector is

rot at HheESn Y QUPH N1 %ndX6S by the optical scan unit according to
t he ftﬁg{r@één%%gi ment anigl Ey the one in FIG 24, respectively. FI G

26 schemati I : t r ! ani t. of
nodi ficati o}ﬁﬁc’)f yt %Je}&:%rr%%%q;lff osjrhéc %ra%aglfélgggi ﬁg&te g?({rhggﬁ}fd ltljﬁé etr?bgd??r%onrfd.
FI G 27@@&@%@%0'[ di agram on an i mage pl ane when an optical deflector is

ina¥%e "position (stationary position) rotated by 0 degree

(anplitude =.0),, and FIG 27B js the sane when.the optical. deflector is
ot ot ed by 6420 SEhematiiafiv shavs "§a° HBBEEBTOIER A B HUMIPEER | Drtord ¢ he
optical  scan unit according to WD 2010/010773PCT/JP2009/ 061271 the fifth
enbodiREpgiment. FIG 28Ais a side view of a nobile phone on a pl ane
according to a sixth enmbodi nent and FIG 28B show the nobjle Phone in FIG
28A seen f ri-t He shpmsndegradation inFppolpy igagts 0Bn2 PEASOLPIanaBd | 2

phone incorporating an image projector. Best Mde for Carrying Qut the
| nvenedrgection 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 I5F 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.




[ 0030] Herei nafter, enbodi ments of the present invention will be
described in detail with reference to the acconpanyi ng draw ngs. [First
Enbodi mewD|20f0a827B FIG 1 schematically shows aRCEmFezm9/psiafiector 1
according t h LS j e j - Sho :
Fr6nas il SUReUEnaICH Gt £ AEh Hﬁxérgglléi Higfto¥en{diion

structure of "an opti cal | 'ect’or an an

princi-pal r fl ect. y. the.optical deflector .13 r.af i al

ot | cnomenl 7 B nRlifieatiorl 8F gRF RGBT srSiseff Cpiish et Ml ARty &
principal ray,having transmtted through a deflection angle conversion

el enerffi® £§°Y @ieﬂ@‘ﬁg}e@ﬁenti al optical axis Lb is defined as scan angle a.
The referential gptical axis refers to a traveling %recuonﬁo{l a princi pal
ray defl ect E40( it 1&c3 STPSHYSAHOTH YieH ef| 2eqdid fiveresmt lght somysrs
deflector 13 is in the reference position (stationary position: 0 = a = 0)
as dederi penenit of . theogoplification ofnthe,dnyages preigstes faptical eapnugid) a
projector 1 conprises an optical scan unit 10 and a control unit 20. The
opt i calcogding tmithelSeomichigmbodiméntes a | i ght source 11, a divergent |ight
conversion el enent (coupling lens) 12, an optical deflector 13 (optical

vi brati on elFder0) js ancroas deictimntil onewngf encaptveaispath edbmiemer 40it Withe
2010/ 010773PCT/ JP2009/ 061271 14 which constitute an optical projection
syst embdifpcanj@cibofithegiRtage profectee(opcical @038 unit) accorlirgl togtiie secowd 11
is a nonochrome |ight source as a sem conductor |laser emtting a red |ight
beam wnhibod@ine&iit er wavel ength of 638 nmin the present enbodi nent. The

| i ght source 11 and optical deflector 13 are controlled to emt by the
control -uni tp130 2dexCy bpsel L&t final[A8FAS a focus 1R oitNE MBS dat M of the
conversion elenent 12 1s configured to have positive power to convert

di ver | L gk ks E P 1 f i ght source
11 1 n'%i %mc,ggn#/%?%g%? %?’8%? its %tu h;ngf}}ctcﬁg@l |gvagrg{§n%écﬁ)?lgh%£§g%i\}g$}gfon el enent

12 convert sggtgiz\ﬁefsggf&ogg‘%ﬁ%(?]}alt Mew io?rsﬁt %éﬁ%é?ég%Iaégﬁ% %B‘ﬁyusgbﬁ.eﬁ&%ﬁ?t %é

to a conver nt “angl e 'soas orm spo etermnea size on

screen . .00 . he. optical .deflector 13 deflects, fof._scanp ng,
Che | ignflis BAiEcation of 198, HBRES igiteipt Shphke’ sebE ulnl SeepflingcfBEr,,
elenment 12 in fi [ist and second scan directions which are two-di nensionally
or t hog98Pd 1 RRM & tther . The first and second scan directions are included
in a projection plane (screen Sc) and in FIG 1 they are a, directioa,

ort hogonal tHdG #é shlematdcaldyshopes the YRcPre, 94 an UBRES PEPIHPLREIVAING ce

the arrow seen fromthe front.
to a fifth embodiment,

FIG. 24 schematically shows another optical écan 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 accordi'ng 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




[ 0036] In FIG 2 the optical deflector 13 mainly conprises a

rect angwiogorgndioers frane 13a (first defl ector portion) pcg/ipesbed@w ar i nner
frame,13 f{hfeir t .defl ector portion) placed inside the outer frane 13a, and
a novH ERRGUPER i rror portion 13c placed inside the inner frame 13b.
The mrror t] .13c includes_a mrror face reflecting a lLight beam and
i s rotat ab|€f)éu5p%grlﬁé’dsu§§ IR PhRefobilsnphang, op; 3 plagsarresding f & #1xdhaf t s
13d.. The inner frame 13b_is rotatably supported by the outer frane 13a via
a pai pmyedimppbard $hGr 28B1showihe pueRile phogetindih 284 saen figm the arrow
2010/ 010773PCT/ JP2009/ 061271 rel ative to the support shafts 13d. Thus, the
mrrof-portion 13c is rotated in a horizontal direction around the pair of
support shafts 13d while the inner frane 13b is rotated in a vertical '
di recti on armndSt fleowsaian afxasmpeoof zhmbbHelfboné dncermmpting @neimhge he
rotary directions is the first scan direction and the other is the second
scan- ptojectaron. [ 0037] Such an optical deflector 13 can be conprised
of a known MEMS mrror nade of silicon crystals. For exanple, in this MEMS
mrror, the mrror portion 13c and inner frame 13b are forned above the
bottom of a silicon crystal substrate by etching. [0038] In the MENMS
mrror, not-shown twoggiteplodedRs @i@yimy MRA QB 1avBRiibAM substrate of the
mrror portion corresponding to righ%( and left portions of the mrror

porti gmgﬂfgc By applying a voltage between the el ectrode of the mirror
portion 13c and the two el ectrodes on the bottom substrate, electrostatic
forces act : i f shaf L.ncl | e ln r rtion
130, [ 0o30) RErdRENGE EnBodRRR e pRecki? BRRnLAG WRA bOTURHR BE
for rreg ol %.§otetf§pg %ubtsotrataec of the.i nn(%r fiharre 13b corresponding to top
and b 7Y (5m.|5,r{| e o5t th HreIPEane 4y §§/ appl ying a vol tage between
t he et ctrgd%%{i thﬁ inner frame 13b and the two el ectrodes on the bottom
subst HAEY CBPOAMERthat i ¢ forces act on the pair of support shafts 13e and
i ncli Foemtlt]e inner frame 13b. [0040]

FIG. 1 schemaﬁcally 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 8 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: 8 = a = 0) as described later.

[0032]

In the first embodiment, the image projector 1 comprises an optical scan
unit 10 and a control unit 20. The optical scan unit 10 mainly comprises a light
source 11, a divergent light conversion element (coupling lens) 12, an optical

deflector 13 (optical vibration element), and a deflection angle conversion element

10




The mrror portion 13c can be configured to include a nmagnetic el enent on
its back face and be inclined by a magnetic force froma coil on the bottom
subst r at wo W10/6078an be configured to be inclined by aPggfieeaeenéidnl f orce of

12" PSR LGSR S sbbisPO RS £ Rl Brbgh G e 6n uckn ST,
defl ec l,i ght beam wi th such a MEMS mrror at high speed, the mrror
porti QLOC%Q need be driven at about a resonance point. Because of this, the

defl ection |l e, i inclination angle of the mrror portion 13c has.to be
changed i n al B¢ ghfsoures, i isd mempehrome; ght SeHscr 4% o pepiraidirianiasee
extrenely small ip size of abqut 1 mmand its rofatjon nonent is very small
S0 t hatmifleg R e Jighis Bramy Wit queRBIET Hevelanathnobd 1 am daethe Aregent
deformation direction according to the thickness or width (design) of the
pai r otmbggpuent.shhhedigldgsoyreeild pad gpbical dstlesdor §3qpehantolied o smitar v
resonant” frequency around the support shafts 13d (horizontal direction). In
t he prbyehe centrodiumh2( daseribsddatern around t he support shafts 13d or

hori zontal scanning is set to a high-speed scan direction (main scan

di rect [B4]whil e the rotation around the support shafts 13e or vertical
scanning is set to a sub scan direction. [0042] It is difficult to
achi eve an iThé¢ elisergent dight tomheersfor ktement A2 BocorAPuASIL tdhase grisdtiak
drive technique and to stabilize the novenent thereof due to a non-uniform
drive poweeito dohveRSEeagER BT (Ierkiketed 0VEitBeant Py dMERedFion®th@tiphitdi ng
to the present enbodi nent can stably nove with anplitude | arge enough to
scan t£8,Ret] I enRCESergenb IPIR. t Mhati ikl Mhe BOVdrgeRt 13kt Sorflerdi®f dkniineund
the primary resonant frequency. Further, it is necessary to increase the
anplit f e, a.‘ﬂ?g! 3 | | /| I R I gn
(ar ounggﬁlogwse&%p%r({lgg%ﬁts é)&o%gl}(%g?%# Eléa?lg%h%ts}lgﬁi &PEF%{ ilgﬁlto| 2
direct] f 1 i I LOr rd ion , i evi ery

ol ose boRy@eshlinfle §85s R RNAE S LPp SrRGeRURASE sBe 86 ThEXbfitoisU LY

i nner L‘i '13b has to be driven in the sub scan direction at a | ow

freque @ﬁhi_ch depends on the nunber of frames of an inmage per second (for

exanpl e, 30,.60, or 12 for i e.generation of, 30,,60,.0 20 1 WO
20101 010773PERS 190608} 66189507 1 AndETIHELS: SONALRIRE> dhFyHERhS R nd: 3 Are
13b at a | ow frequen%y by a resonance _bgt ween the inner frarre,13§ and the
suppor EORYRIEERt 1ight jffoms thip Hysegeptt HehbrsAnysTsionn eleeRhord 1Bhiftts288e as
rotation axes but this is not practical because thin shafts cannot have

suf f i chegnnd spartdirestiennivkichnare dwodimepsigaallyr oxdwgonsl itaceees othee

t hi ckness of the support shafts 13e, a resonant frequency A of the rotation
(vi br atherfjrsarandnskcond sappbirectitrs ase iBdutied ina pwjsetionplandigreeniSe.
Since a resonant frequency B of the inner frame 13b is set to a | ow val ue,
and t hend és@Gntl thegqrercdiscon Britogutal coitheiddewing fseatite atrberx) and a
resonance cannot be utilized here. In conclusion, it is necessary to use

| ar ger vpaied! difedtiste(sdcOtibidon @) desn fesmahplfrénde of the mirror portion
13c. To drive the mrror portion with resonance in the sub scan direction,
a doubf@yzgg s scanning (for exanple, disclosed in Japanese Exam ned Patent
Application Publication No. 2005-5262899) can be a good way to generate

i mages i nst egfl p4iG, rAShE o HEANNEEectd | DMy EoRblBes CARBERGguldiColitdrl OF

portion 13c can be driven wth resonant vibrafion th high anplitude in

both of, &{aee 193! @:%Fglﬁwtmarﬁsfm% irgeangﬁmbiqr{égh@%gﬁﬁqugszggeigggwron

wi th simal T  power. e convefgent ect

tical defl 3 i tuted th b MENMS mi dt L1t
o ool S Rab LTS SAS Mk RkobAe LR MR EORoToE 2 B ebl A ™0
tyvo-di nmensi o %I Ih%l or‘iho na di rect.i ons, 3 _he i rst. scan (thor'ﬁont all
di rect PSH“%’I‘IH aged dndfde e innsr frame 438 ¢ cbhy BHrsoReption 13¢ includes a

mirror face reflecting a light beam and is rotatably supported by the inner frame
13b via a pair of support shafts 13d. The inner frame 13b is rotatably supported

by the outer frame 13a via a pair of support shafts 13e which extend orthogonally

1




In the first enbodinment, the first and second deflector portions are

i nt egr avy 2610010265 however; they can be formed i ndepengenidyeob2H exanpl e,
two MENB,.sensof,s as_a single i,s rqtary. el emrent can be used or a:f| at
mrr ofel\{gg?{ebté’ {het §‘&Pﬂéﬁ%t%‘%§f’ iéflput'ﬂg’ﬁaftpeo‘mré%tpéﬁﬂf’ﬁgl%%t‘%rméaht&dr’é't at ed
at a gonstantl ngul,ar velocity. WD 2010/010773PCT/JP2009/ 061271 [ 0045]
Fur t h8PTIZPRE ocﬁf dign e the nair ofnsurpareshabs 13t whidetbe dpaer Seamei ng;
however, it can be configured for one dinensional scanning. [0046]

Anot h&#biissindated Be aquentienl cdireeiierrarongdt the pwiavel spppert shrfts ddei dor
systemis that in order to project large inmages on the screen Sc in a very
cl oseexample. tQaecafpibiet intarpdineictiomisrisheplirstisgan dicectéenl and ther other is

i ncreased. [0047] However, with an increased anplitude, the mrror
porti the s@endasvant disectddy. dri ve due to non-uniformdrive force or air
resistance. It is very difficult to generate a drive force great enough to
achi efd3¥]l arge anplitude in the first place. Specially, the higher the-
resonant frequency is, the nore difficult to attain a |large anplitude is.

For sol vi ngSiidH anpsptidndefiberonei Vohn He thRpHdedoss RHAIWA MEMS mMBSor
reduced by thinning the thickness thereof or reducing the size thereof.

[ 0048lnade of siliddWeySitald. PR SMrdpieSen thiOMENS ik Wfe 3G rSd gﬁrti%% an

reduction of the mrror portion 13c. Wth a thinned mrror porti

anmoun [ i : ' oker. i cal

Gor 1 b7 ornd IhALTR LR L T rE TN SESTR PR o £ AN B ligdle' T
incregjg%taﬁh'gcal aberration, preventing stable generation of spots S on the
screen” Sc-and-reduci ng resol ution of projected i nages. On the other hand,

W th ﬁqosj e-reduced mrror portion 13c, the divergent |ight conversion

el ene needs to focus convergent light in a smaller beam size on the

mrror portion 1 d for achieving the snmaller beam size, assenbly and
nmanuf act ur ef“pﬂk"tligﬁﬁ I'B’frr‘&‘bn‘bﬁﬁglf*ﬂ‘ggn% e’g%"ti" %9&‘3?0 VR 2 SPHOE NA
(nunerical aperture), of the divergent |ight conversion elenent 12 is

dot or SHHSERE Ok ShenTRITEPE POrHPR; fRTcspoRdine i aightsend ledt posteas ot thased
on the light beamP fromthe |ight source 11 as described above, a distance
(opt | BAITOpRAFionwW3 0,01 B0 20PErET YRrheEg/ betrern theoplacirodt oérthermitrpyht
conversion elenment 12 to the mrror portion 13c (optical deflector 13) has
t o bepoding hénenddbedwonelectroesonithef bottomdudistapte,hel ebtrastaticz forves take
mrror portion 13c. This will prevent a size reduction of the entire

opt i cah tby prmef Swppamtshafts, I dhend tihelide shanderdrepoveizm 1Be. two is set to a
short value, the beamsize of the |light beamfromthe divergent |ight
convefi3® element 12 will be larger than the effective reflective face of
the mrror portion 13c. Efficient use of the light beamfromthe |ight

source 11 nmjsobeinPtiey NMEMS h@A68] not-shownMivd thetafidsears qblega baken
into consideration, the anplitude of the mrror- portion 13c is set to 7.5

degr egsttbi UM tAIE TEthe SHRLHIFFRAL -xsfnnc&wgormaﬁg%g ytb ea:{%bﬁug} ﬁgggﬁngf the

deflection angle 0 of the |ight beam P defl ecte he optic ect or

13 i sor fin H6Qr§PSme Wi uﬁﬁ a?lpelﬁglr%' a }Eﬁta‘%@'z)}%&@deeﬁe@geﬁ%g{rgég é}(f\#hrgng%rt he

defl ecti on angl e conversio exanp
t wo- dj Si [ of | Ze X, 2 ropectipn ran of
abouftjf rggﬁ: in’?ng\%iLl Flgﬁggﬁoeggéggfosdfédo 'é gﬁgé’g’ﬁoﬁl5%%5,{_}?1]%@%8?98!5{3&}&_ Iﬁﬁﬁé‘lggnal
i mage_a.proj ectf' on rartl%ﬁ ﬁf l??bout 500.Mm wi | | bef nee . These are | arge
di st afic &8¢ PHE AL SRt phgHsPE i indlingtys nes, frame i mage proj ector
cannofoo%ro(ij ect inmages in a very close range projection. [0050]
The mirror portion 13¢ 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

12




According to the image projector 1 of the present enbodi nent, the

defl ection angle conversion elenent 14 and the divergent |ight conversion
el enent WD Me0WPE3 nal |y designed with the size, di nenditairaend/oarepl it ude of
t he ”1§&$Bdﬂﬁéﬁion 13c of the optical deflector 13 taken into account. The
defl ection angl'e conversion elenent 14 is configured to be a deflection
anglefgﬂ#ﬁ{ging el ement which converts the deflection angle 0 of the |ight
beam d -eéted by the optical deflector 13 into a scan angle a |larger than

the deflection apgle Q. .In the present engbodien the defl ecti.on angle
conver si on elloneﬂ’é T48F§eﬁt §hﬁ%lﬁteg?%‘ﬁ'sw Sugh aaf‘W irror at high speed,
2010/ 010773PCT/ J1P2009/ 061271 singl e glass material, for exanple. FIG, 13
shows mearprwﬂgnol@tcam%h%? Arves sARAYIoh TeRpPnaase drinkh operaRae ¢t this,
desi gned optical system (optical scan unit_ 10). FIG 13 schematjcally shows
an opt theaideflecHoanangle ofemalinasion fgede bt anisoniparkienogdrchas dpsbem
fromthe light source 11 to the defl ection angle conversion elenent 14 and
opt i cathgngdds insasking avawen foemulrekatiseertot hiomed r rBhe poinroorpddion sl 3ondki ned
by a predetermned angle. In this sinmulation, a |light beamw th wavel ength
of 530exitremslpsmalbdn tsizdbefarhduted mimoand Hés roghions momeentlils. véx0Shall so

In the first enbodinent (also in the sinmulation of FIG 13), the focal

| engt htiaft thiee peimvaygsssionhing Hrequenosr shereo€l enebe fitressediein tzo d3fddmamivnand
a distance fromthe |light source 11 to a first face (opposite to the |ight

sour cediképtioh dclerdingeioo@et thiéleitssCONWedth Qibsed thelairofSfippo?t 3hafs The
center thickness thereof is 2.4 mmand it 1s nmade of a glass material wth

refracisye pgeyofibldr] Bakily 8bBfin f‘hﬂ%ﬁb@ﬁﬁ@rﬁ Fn@ns %%‘ﬁ'ﬁ@n][:?%‘?of?ﬁd the

di vergent [ight” conversion €lenment 12 To a reflective face of” the opti cal

def | eclgfpcd LRafde! 130 AhrAAmT WftbbBohial ff HEa pkEldneCLiNB diARRL OltnE e

optica I 'ect or Irst face of the ction angl'e conversion
el emen IS, T e ion. ' I as a
cent or fighrhaBBhy e Syl FHRETIAEST N ARAL - CAMRE Tt S0 B EPEM sbéric
i ndex |l ExR.bhej.n .5196. This tical.,system (optical n unit 10) LS
dos: oniiT BUESERS (e SsamoMiirE ) GReiIE e C G0, S aund IRF: Sroso hetBuay
fromtrg second face of, the deflection angl e gonversion el enent 14. [0052]
Bot h of 7% Q& VegHeak skanaung 13 5t i 8 SUPeian AYREUBnversion el enent 12 are
aspherjcal . The aspherical shape thereof is expressed by the foll ow ng
f or mul @Q“l%] based on a rel ation between a distance z of the lens faces in
the optical axis direction and a radius h in orthogonal coordinate system
in which theltdptditfasuliipachiserandncegaseiignamplivrde RE the ghrroyopediem 13¢o
the optical deflector 13 is a Z-axis WO 2010/010773PCT/ JP2009/ 061271
di rect bpna egeheapl detveQicchidque amk toestabtfiticesther swaweanggnt phdnepf. duchlo ZAh4
Bh6Dhl /112Fh14 Ghl16 Hh18 .1112 1 4- SQRT[1-(1 k)c2h2] 172 = x2 3,2
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 13¢ 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

13




where c is a paraxial curvature (c = 1/ r where r is curvature radius), k
Is a cowe2meomst7aht, A B, C D E F, G... are aspher¢uaommeiXici ents.

ok ihes STy 5L 0 s, 0B e SDpOpT OB L AL «
o e 86 e BB SER R A 15 ok Mo by 5T 89055,
" to form very thin support shafts 13e as rotation axes but this is not practical

+ bécause thin shafts cannot have sufficient impact resistance and can easily get
broken. To increase the thickness of the support shafts 13e, a resonant frequency

-- A bf. the rotation (vibratidn) around the support shafts 13e has to be set to a high
value. Since a resonant frequency B of the inner frame 13b is set to a low value,
‘and the resonant frequencies A, B do not coincide with each other, resonance
cannot be utilized here: In conclusion, it is necessary to use larger power in
ordegft_o obtain a desired amplitude of the mirror portion 13¢. To drive the mirror
portioﬁ with resonance in the sub scan direction, a double axis scanning (for
examplé,; ‘dis‘closed in Japanese Examined Patent Application Publication No.
2005-5262899) can be a good way to generate images instead of raster scanﬁing.
By the double axis scanning, the mirror portion 13c can be driven with resonant
vibration with high amplitude in both of the main and sub scan directions,
enabling close range projection with 'small power.
[0043]

The convergent light deflected by the optical deflector 13 constituted of
the above MEMS mirror and transmitting through the divergent light conversion
element 12 is swept in the two-dimensionally orthogonal directions, the first scan
(horizontal) direction and the second (vertical) scan direction
[0044]

In the first embodiment, the first and second deflector portions are
‘integrally formed, however; they can be formed independently. For example, two
MEMS sensors as a single axis rotary element can be used or a flat mirror can be

attached to an output shaft of a stepping motor and rotated at a constant angular

velocity.
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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 fromthe divergent
| i ght co¥&e¥0s¢/878| enent 12 is directed to the defl ect PEH/IEHYP/B61EBNVer si on
el enenfoglgkt hrough the optical deflector 13. FIGS. 3A to 3C shows how
convergent '1ight deflected by the optical deflector 13 transmts through

the deflect | Pifngl e SARNESISAATALE TEVonthurkl ok GwaAiiaRYRHAPIkahh

travel s along the’ ntial optica conver gent

l'ight {s.l I t efl ect. . relative to the
ref*ereirilﬁwgpgdﬁ?f%g%ﬁ)ea%}%ﬁ .e%l ﬁr?qllé% SQJQ\QQ%I%@%! E%%}r%?lgb codes 14a, 14b
represtH%.’hS WD 2010/ 010773PCT/ JP2009/ 061271

Another issue to be addressed concerniné the above optical projection

syétem is that in order to project large images on the screen Sc in a very close
_ range, the arnpiitudhe of the mirror portion 13c need be further increased.
[0047]

However, with an increased amplitude,' the mi'rror portion 13¢ cannot
stably drive due to non-uniform drive force or air.resistance. It is very difficult
to generéte 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 13¢. With a thinned mirror portion 13¢, 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 13¢, the
divergent light conversion element 12 needs to focus convergent light in a smaller
beam size on the mirror portion 13c, .and for achieving the smaller beam size,
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 oﬁ the

light beam P from the light source 11 as described above, a distance (optical path)

15




t he incidence face and exit face of the deflection angle conversion el enent
14, respastoiveloy7s which will be described | ater. [ 005%cT/aP2009/061RRE

defl ection angl e copyersi on elenment 14 is .configured to have_pegative, power
and cipbred Beesal (B BRyRrBBate Rl 1P heBhitan Sortin 136 0RHSRb
element_ 12 intqQ a weaker copvergent |ight m.to.focys (reduce the beam
i ze Sef1ERrox k) s ion %E%pqiﬂsa 88 iR b‘ég: silileffrirteﬁ&ﬁl% sheam Fizg

Al so, the deflection angle conversion el enent 14 converts incidence |ight
Wi th en ks mEsrorheriion E50 | Ands willereysrhg sirgredusdion of the snticaQptisgl e a
whith is an angle relative to the referential optical axis, as shown in
FIG SBtemn thecantrast, whisadhashistanchdetiweeyihefwodssehieawhoroyaluee the

defl ection angle' conversion elenent 14 is determned so as to satisfy

def | ebtamsizangf ¢h®light baamafrghethe dhergemelighyhonbemmon slamentdehwitinbd he
referential optical axis Lb, and satisfy deflection angle 9 < scan angle a
when- tabhged tlght the affieicti veatefientivdeficeonf the miefar potticad 16pt | EHficdxhiSusd.

Al so, the deflection angle conversion elenent 14 is designed and arranged

so 't hett thd lightbeainsfram tHCligdRnNbohic@hl 1 Beambuigrbvédweddef | ection angle 0 of
10 degrees into an outgoing light beamw th scan angle a of 20 degrees, and
alig amw th the maxi nrum defl ection angle 0 of 15 degrees into one
with the sScan angle a of 31.3 degrees. That is, it al nost doubles the size

of ‘the || ahwillPae abdge BrobMis dekdeRCHRN ANANERRIn. L R bRDIAGEL df Y Deam

is 15 degrees since the |light beamis ‘deflected by 't he ror portion 13c

of t i&B;E_?ﬁ&&LP%ZﬁggﬁFOJetﬂt% %%%e@?&%s@@tﬁ%ﬂé#@%@gﬁﬁ%ehﬁu dfn iflg0r ees.

[ 0056] - ection angle~conversio I'nc es an

<phor PRER. helRthRE Yl AR ISR 30% R o eRER Rl 1 c
oo SRR R 01 S B AR SR ol il oo
el et e CRE O TR ST S
the optical axis direction of light fromthe |light iource 11 to the screen

sc i stwo-Adimensional dmagsnof ghf o5igp @A mmst Hhd mBoddpPTUAStipncRagesoEhown

inthe followng table 2. Table 2 FI RST FACE SECOND FACE r -6. 267876
about 560 mm will be needed, and to obtain a 14-inch size two-dimensional image

a projection range of about 500 mm will be needed. These are large distances.
Thus, only with the optical deflector 13, the image projector cannot project images
in a very close range projection.

[0050]

According to the image projector 1 of the present embodiment, the
deflection angle conversion element 14 and the divergent light conversion element
12 are.optimally designed with the size, dimension and amplitude of the mirror
portion 13c¢ of the optical deflector 13 taken into account. The deflection angle
conversion element 14 is configured to be a deflection angle enlarging element
which converts the deflection angle 0 of the light beam deflected by the optical
deflector 13 into a scan angle a larger than the deflection angle 8. In the present

embodiment, the deflection angle conversion element 14 is a single lens made of a
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'single glass material, for example. FIG. 13 shows optical paths obtained in a
:simulation by use of an optimally designed optical system (optical scan unit 10).
FIG. 13 schematically shows an optical path among linearly arranged components
of the optical system from the light source 11 to the deflection angle conversion
element 14 and optical paths as simulation results when the mirror portion 13¢ is
inclined by a predetermined angle. In this simulation, a light beam with

~wavelength of 530 £1m is assumed to be emitted from the light source 11.
[0051]

. In the first embodiment (also in the simulation of FIG. 13), the focal length
of'thé'_diyrergent light conversion element 12 is set to 3.91 mm, and a distance from
the light source 11 to a first face (opposite to the light source 11) of the divergent
light cox;{rersion element 12 is set to 3 mm. The center thickness thereof is 2.4
mm anci it is made of a glass material with refractive index ncp 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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[ 0057] In the first enbodi nent, the deflection angle conversion

el ement wighoi6oo7y | gured to include the aspherical fi pgtr/fpase g t he
spherical secogd f.ace; resent invention is not limted

t her e$igSCtEOR Fngranifes ﬂl Qﬁdhgé%‘h AGes AL QABIMROW S herical, or they can
be spherical depending on a required | evel of spots or prolected i mges on
the screen Sc. [0%?58] The | ens faces of the deflection angle

conver sz e hanti e geng | peihty oy gpsi el ? are
formed in lrioi'ﬁRTBHdIHC)tsziﬂfﬂnetrl ¢ shape. Because of ?hlﬁph bo?ﬂﬁﬁe}ﬁel enent s
can’ be ‘easi |y machi ned. Moreover, they can be easily assenbl ed since

manuf actzurl ng tol erance or adj ustl ng tol erance can be set to a | arge val ue.
Anong thie=k&hg’faces of the deflection angle conversion el enent--{4)and the
di vergent |ight conversion elenment 12, only ones (le) through which Iight
transmts have to be rotationally syrmetric. When they are nmade of resin
mat erwhete ofistahpadaixkal, clivatonee(dk| 1/0tindreré arigtcurhenaeflradans)pd 1s0i @bnpal |y
WO 2010/ 010773PCT/ JP2009/ 061271 asymretric with assenbly, adjustnment or

el se ¢aistiind, AOBACCOWE, & Ghoward Risph&ric8CcobANihts. Notd\khix 8 nce
to FIGS. A4A’to 4C, the effects of the deflection angl e conversion el enent

14 ar b ubre rddt $PQHn AELranRPRS19f neasured val ues with and
W th @%)d’eﬁ% dﬁ?ﬁjgcstl on éngl e canverS| on el Z(mgnt 14. In FIGS. 4A to 4C a
code @ ﬁ a characteristic curve of scan angle with the deflection angle
conversion element 14 while a code ¢ is the same without the deflection

angl e conver,g)on GLENEN . A g%q ife rag%éiam&} et P (PR 4580k Aghe

i ndi cates- 11 cen € of rtion
zer0|nt|rrea|5| vy;lcﬁl aJueL for the deflection
angl e* YS9 eHWd‘Ite] %‘nﬂ@fl lgﬁlde (hal f of resonance
cycle ??Fd 1/4 cycle) and normallzed to 1 and -1. In FIG 4A the vertical
axis 1#RIecht es” scan angle a (or deflection angle w thout the deflection
angl e .conversion elenent 14) . codes Ci| Ctl _are characteristic curves of
scan 4gngle a. In FIG 4$mg¢ pv;aaj,El clal SE@OND nglggates scan speed (of spots S
on t hg-sereen—Se)—ofthe—tght -RP—and—ecodes—Gi 2, Ct2 are characteristic
curveg of scamn speed FI G4Cl Besmgxlsed on F2@89143 and therein, the vertical
axi s imtgieates—scan—speed—of—the—t+Hght—beamPrnornal i zed by t he maxi num

val ue |and chdtacteristic values C03, Ct3 are viltjually the sane as the G 2,

¢t 2. FheMEMBS™MTrror—(ntrror—porti ptical deflector 13) is
rotated in tHe angle rangé 44{7124E70% t 0 4.64187E¥Flees as descri bed above, so
t hat tfhedeftectiom gngle S cha -15 to + 15 degrees. [0060]

As apparent fBom FI G 4A—éﬁd09€\|é—%4 mul a#il83038eBd|ts in FIG 13, the scan
angl e [a when [ he deTIeC[I ONVEL 3] renent 14 is used (curve G )
is |anger thdn t hat when i '27358%6qfused%§8§%€-{g}l). Wth the deflection
angl e [conversion ele tude of the mrror portion
13c bging 21 YWD 201 010%%5%\]@009/ B@g}‘}qudﬁS degrees, the scan angle
a is about 30 degrees (curve Cl) at maxinum and a necessary di stance

fromfdgﬁ |]mage projector to the screen Sc to forman A4 size Image wll be
about 0 realizing a very close range projection. In contrast, vvithout

t he deflect on._an er el enen the sc¢ u to
the et octr ShvaREhEGREIT eRE oy SHRR} iy SoRFP AR RBPRL IR 8 B4R
neces e ddle%lteacti%ef‘l \z%élle Egnggr%%n Se?emgm 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 8) relative to the

referential optical axis Lb. In FIG. 3A to 3B, numeric codes 14a, 14b represent

18




[ 0061] As apparent from FIGS. 4B, 4C, the scan.speed is fastest at
zero in the tine axis, that is, at the scan angle a (deflection angle 0)
bei ng zeWo,20HU0T™ decreases as the scan angl e i ncr eas@STiIP208%pEETl ve of .
the ustﬁeoirncti&@n&eﬂceectahﬂge)ﬁf‘%&(e W AL ARcBbANENY1e 1onFRRA elméRe 14,

characteristic curves G2, G he defl ection angl e conversion
el enmen 4). . i efl ecti on angl e conversion el enent
- 14) rer}ée[%é%%tll% yg%cgqr% gwsdft?ggvﬂpﬁg?gﬁeghger tine is taken for the sane
anmpunt -OﬁfSéﬁhange in the scan speed than Ct2, C3, and that neans the scan
spe"edﬁ 2, C3 is considered to be constant in a longer tine than that
in &2, 3. . Wth.the deflection angle,conversi.on elenment, .1 a range of
time in whi Fhedeflergen anelesodte e BGRPEE 18 bane IRy 4P i hERtve
wi t hout the dﬁflecti on angl e conx\er sion elenment. 14, and ngél{ ant velocity.
i s acHIBYEU PR §HEMCIE anEORKFHgENt r'&‘?*ﬁﬁﬁf’%ﬂt‘% diperesaf |leght eonvatgian
conversi'on el ement 14, it is possible to correct image deformation,
equal iglement J Wipcewseker poprergsahhishihean dodecun éirducsdtde; beam isgamt Hess
of ‘an image. [0062] - Next, the shapes of an incidence face 1l4a and an
exit fxemalberothamen dukdetarininednbgam coipedr i on theesermen Hear eAdescilidhed.
The incidence and exit faces 14a, 14b are forned to be rotationally
symetdéftectianadgleheonpensomi ebement H @Snveris HBiderzeglighhwithewlaftegian
anount (mm) (characteristic curve Cs) and a change in sag anount (gm
(char apigleitsinte aioutdiay lightViesan: Geth axesan amgleshoviiinl i22n afRle relative
2010/ 010773PCT/ JP2009/ 061271 a radius (mm fromthe optical axis of the
def | eciol i¢ AITetehtiMMRIGH XIS & FReWwnli4 FIGIIB. hahithentiah ewlesdinten®, (DA
shows characteristics of the incidence face 14a while FIG 5b shows those
of thegaxhh hAGCaldhgeNRIR LRAthd NgeAaiaAOHALId SdvertRnZ deRkdt Na4ess
(i ncidence side: +, é&xit side: -) on the respective faces in the radius
positi ‘ i {eF1d hRfk 6% SodihAghl baFhePImATEht b
coor di ‘%%Fié@?%%n& Fﬁé‘g@%t'%gﬁf%ﬂégﬂn&f%%%- axi scﬁli(r e%ti on Is zer gi% Al Seg}n an
amount. of  GcH refe o LD: 4 S l.aj:i.ve ugi
changelsa’rﬁ?ﬁ?&?ﬁnr%&i t%aé%t%&?ﬁ?ﬁa!ﬁgml éh"%a a?b'l(zir g?ﬁg%g%ﬁg?ﬁk }ér%ﬁ Fa k
guantum of the character,istic curve i the radius direction. ,[006s 3]
1ee "t aglf b WRATHR M e Bebintidehb Oal B4 Fef pbpt otital S8 L AL,

the o cal ;axjs.to.the periphery. of the ingcjdence. and exit faces 14a, . 14b.
For m Pl dhe atinenian Fable dpverion el ientnh & ARSGeREA A arraREET i HRat

increases fromthe gptical_ axis to,the periphery kes it possible for the
def | eckticORVER(§ an msadentsiight BF%‘P(B‘H%&fhet‘%Ffé’?ﬁtto%aH&j’hqs °6é§ni?%&ress FRiogRR
scan angle a as the incident position is away fromthe gptical axis to the
per i phewtgoingdightebcamywithr saangangle ¢mi A8 riasreeneandig tighbdeagpmath &ae |
the size of spots S on the screen Sc can be reduced. This holds true for

t he eximaximum ddfiectind angde &xof 16atesredd inr npe Wwithtthe sgbnvanglennef 3dah
achieve the same effects. Wth the defl ection angle conversion el enent 14
i n thedégmess. eMihadiispit alhbet doublesfthepsize & che lghtlbeamor ThesmaxbHmwaver ,
with one having a flat lens face, for exanple, the size of spots Swll be
3 MM odefle¢iton andled PFahedhedenibight behin 1 4 Sodedrees shicectheIight WM fis

As shown in FIG 1, the control unit 20 conprises an optical deflector

cont r OfjeflBéted?By dhe amiiebt Yolrtion PIWE weNbpAtaceAdtiorand whodedhaxemussi On
anount control unit 22 as"a light source control circuit. The control unit

20 recglhuesuds il ginglgd > signal 23 image data G (i, j) which is
i mage ginplitug b?x“é'lofd W 38555 773PCT/ 3132000/ 061271 position (i, j). In

t he cow Sqﬂ unit 20, the optical deflector control unit 21 properly
controts 'tHe optical deflector 13 according to a mrror position signal M

for synchro S ection ile the light enssi.on, ampunt contr.ql ik 22
contr ot ¢ et PF girbin anglf seBybthing Sismapl PAi88RHRL A FBRLIRa dBkeh
mrror_position signal . The .optjcal | ector contraol unit, 21 co ol s
The. opfdeeatonithe sidh ot 18e1gp Uialo et Folgr ST DLRRE AP RERIERPE S S ve. BATI o
the Iight em ssion apount control unit 22 controls ih | j ght, source 11 by
out put 8sRherisel shere tBarcadiis expressgaay the abpye fprpyia gb)sbeﬁeén%ia FURB i s
a signal output fromthe optical_ deflector 13 and indicates a displacenment
of a vbeiwedmy distanoe zpef theolensFace in the opticalmxis direchion) angd a dadiusch e 13
is driven by an el ectromagnetic actuator, the mrror position signal M is
obt ai ned by detecting back EMF due to mirror vibration. Wen the opti cal

deflector 13 is driven by a piezo actugtor, the mrror position signal M
i s obtained by detecting back EM- generated in the piezo. Additionally,

with provision of a |ight beamreceiving element 28 in an appropriate _
position to receive a |ight beam deflected by the mirror portion 13c, the



24 WD 2010/ 010773PCT/ JP2009/ 061271 11 in synchronization with the mrror
posi ti O’W(ﬂ(ﬁﬂ@imw to emt a light beamin an amount geqysphi@@eeata i,

j) whe rror ortlon 13¢ i clined forma spot S:om:the-sef,een
Sc at oghﬁsgpﬁ gpodibatq systeg; pbé\ﬁﬁﬁﬂ.angtrﬂg Hing e RBRegHRE @pifeY bﬁ jfl Wth
use of an optical deflector which can be driven non-resonantly .

st eppPhéh r@F agd sacend; faces; pe thpoptigal gads dircstianaf dight fzpm 2% e fghput s a
drive control signal to the optical deflector in synchronization with the
|'i ght S‘elm0§sliloffp mempea&qmzsagwamrwl%r mDats got ths Grsttane seooadrege at a
posi tion (i, ]") corresponding to the pixel position (i, j). [0066]
Accorﬂaqwglly shprmel in the feldowimg tdbled.t s a di vergent | i ght beamin anmount for
the image data G (i, j) to the divergent |ight conversion el enent 12 which
convelablethe divergent |light into convergent light, and emts it to the
optical deflector 13. [0067] The convergent light is deflected to

t he dgffecrronangtygconversion grenent rntng hori zontal and vertical

di rect{ions 14 by th¢ Fr{RsTcﬁAQfortl oI COND MGER [i s at an appropriate angle to
form g spot S on the scree the (i*, j') in accordance with
t he pilxel podition. [The def é@?%n angl@sdc?ghggr sion elenent 14 converts the
defl eqtion angle 0 of the incid convergent0 light into the scan angle a
and emit it to the sicreen Sc as projection glane. This fornms a spot S in
the pgsitionag(i', j' ) onsygga‘uggégen Sc. The gdove operation is sequentially

perfor rde on all of inage data G (i, j) on the
ori gi ral i'mage sign 23292)949Eeg@by generat e two-di mensi onal image on the
screer on—wtht dimensionalorigi nal image data. [0068]

As dedcri bedgabove, [wit hsgslmsgses of the def | @citi on angl e conversion el enent
14, t he—eoptteat—sean—t-t—10—+rae 1) can attain a large scan
angl e |even \M])en t he |def I-&BG'I%E—gI e of t he (mtl cal deflector 13 is small,
and i t=—Wo-26101 0107 7SPCT/3P200¢ oject a large imge on a
projection plane (screen Sc) in a cI ose range In the present enbodi nent,
the stfPHngl e a of the light beamcan be 30 degrees at maxinum al t hough
the deflection angle O of the optical deflector 13.is 15 degrees at
maxi mum Thby dherfarsti embadimeni.cthe daflegtiga pngledcenyersion lgmensctsd da
range of about 240 mm [0069] Further, with the use of the
def | econfigusetdylte tuivde sthenasphearecal figst fhee oqmdi th¢ sphenicahitecodd( farsge
projector 1) can maintain a constant scan speed in a certain range so that
it cahowewescthé mrgeemteinvergiomrisandt dimitedntdssein - Both gt nhesfingir end han
one wi thout the deflection angle conversion elenment 14. [0070]

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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Furthernore, the optical scan unit 10 (inage projector 1) is very

advant ageous in terns of downsizing since it can achieve the

above- meWO WHEH0EBf ects with a sinple structure incIudPﬁgﬂPmmmﬂGMVEction
angl e xﬁéﬁﬁ@'&n é‘?e’lﬁblé/lad §$Q okt or else tdikn HRB'al%%uﬁPaé} #vkn 39;(

proj ect Is configured'to’ 1 ncrease the scan angle a with the ectlon
angl e - nverS|on el enment 14 so that the mrror portion 13c of the optical
deflectot 13 can be rotated stably for suppressing a decrease in resolution
of a 0 ted image. Also, it can efficiently utilize a |ight beamfrom
the i ource 11 without increasing manufacture and assenbly precision

its part d c onents ntyj buti d (4 of, t.he unit 0072]
Furt her , i‘?’vé‘? g‘%?cq i ahFI@S sto oﬁEg g’rf‘eﬁﬁlyf;s c,ofﬁtfﬁ% ‘é’rPar‘Fﬁ‘lgE‘Fn c
aspherlcal face or a free forntc rved f for the foll ow ng reasons.

Gener aﬂwertlﬁeeﬁlﬁﬂt%mdt‘gtwmscs ek aFﬁf'ﬁh%éarﬁG (a6 87 aPBFRi Yo mAASLERd

| aser is a Gaussian distribution, and a spread angle of the |light beamis
di f f erealues with pad avitkoutgihecdeflestion angly conversiay sEremtshd. 20w Fd652 AA and
a vertical direction relative to an active |ayer of the sem conductor

| aser .toBéCarsedefCi i ¢, characteriiic beewn phrssagtangie wishaheolefl¢gticy mmglei
di vergent |ight conversion element 12 will be elliptic. However, provision
of a bmames$iapi clgnumdt B4 writihe @ code liais tpesamg Wdﬁrhostlhathbrttpﬂdxﬂimi langd & ¢
beam may cause vignetting, leading to an increase in a loss of light, an
ext r ansanersionesleamms Ut | Also, aindiltte deasiirid sOtheOho fizoh e taxds lindRRse DMt de
screen Sc-due to the elliptic spots. This is why the divergent |ight

converwit@rthel it adgleCiMttieN@littde pdRtionaIIY Bbing &SRO it filnd 888 Y which
free-form curved face which has different focal lengths in the horizontal

and vehkifakifhheediuens ttﬁ'eatdr\tﬁet&hﬂéalﬁphhgfe b@fesrcaafartgte & SOrE R et or

| aser. Thereby, it is possible to prevent a Ioss of |ght and formcircul ar

SPOL S ABclBEmSERBRMd AR EE el dhdee A0 /amgeg]@;aﬁhe filh1i288 %9 A and

free-formcurv ace havin e sane ‘focal

for med i, Begelyly retecve%wm u3RnRad £190R, IEIENE () 0" L0t et O

when thé mrior is stationar OCII’CU

i xel teri eeffetsmthesca d|r I is in
Pt ot i il fis deeteetfon] BRGD dohrierSich tleRishb ol 450 FoaFR o> 16 L Shree
repl ac a reflective, el enment, 24 | |nceLt onl.y .fynctions to
oISt E S O s Telece 110 Gk AR B Errtical it indfaes S5 o s
on the scree The reflective elenent 24 has a free-form curved

ref | eciiesd togc@% § 104 the sergenpBey Odtthg 11ght bgpm Poand gedes &rid. Gl arar
spots. [0074] The deflectl on angl e conversion el enent 14 can be al so

r epl acdwrastezistiss gurves of waangnred2s FYO.ACAs based 0pddGad B pad theraint the
el enent 25 can converts the deflection angle 8 of a |light beam defl ected by

t he optédrtishl dsid sukicates 3can spekdrafethesiight heghe? aormhlizedbiyetite maxémanment
25 includes a free-formcurved reflective face as the reflective el enent 24
does. vidlecoptd chhraztenistiaivalifs (idadet32dre WItRANH/ tBE0FaREEE/ tHe2 09/ @B2271
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 @ is changed between -15 to + 15 degrees.
[0060]
As apparent from FIG. 4A and the simulation results in FIG. 13, the scan
angle a when the deflection angle conversion element 14 is used (curve 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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projector 1) in FIG 7 is configured to receive a |light beam defl ected by
the m r g 2@00i07en 13c with the |ight receiving el emepicZd®os2ynchr onous

detecti 0 _generate mrror positi Lgnal s i ndi i ng the

i 5pl SCBRIRETEo the SRR ABETHENE A1 3o 30 HEREESS RATEE Lo SREHAEs PR t he

| i ght receiving,.el errer}t 28, as described above. '£00734th Further, in a
case WAECESTAE dsnse trem tiselnnas PERISFIQUCthS s¢een oY I P 4457 13
differs in the horizontal and vertical directions, the djvergent |ight
convelBadh Elldabout2dhmmpecal iingct Vory alnsecansn pEPcEiPTe| clepntIastcan be
the’ - above reflective elements with the ananorphic aspherical face or

f r ee- wathoud the cdeflensiors engle conversien eheinant 14ndhatscan anglo ot gegavabto

di vergence of light for the horizontal and vertical directions in line with
t he defd éeflechon pagle OrofanlSi degreesf(ctiinee Ol ) ebmakéfniume,t amd 8 necessary

[ Modi fication of First Enbodi nent] [0076] Next, a nodification of

t he i dBagendy wjiddieoib@ncidnny. to the first enbodi ment is described. This
nodi fi ed enbodi nent uses an imge projector it to find out through

exper jgugijs how def ormation of images on the screen Sc is changed in
accordance wth a change in the incidence angle 9 of light on the mrror

portion 13cashRBafdnt UssMIEIPES. 4BS40TREE sPARIsPEEPs fdste st RAR6 3 It)e kife SaNE
as that of the inmge projector 1 so that the sane conponents and functions

ar e OLyYRNAdiGsS BT IR dife1E QB Moot bEId Y B | 4RAlic @aadedgial | ed

description thereon 1s omtted. 14°s tic y Shows an optical scan

o ber 1§ s8n, a0 R} Jrregpftule AW IG GPNCRM B Rho B CERYERISH TS ©
o st e R B fPe BRI BIC T G TR OONR haiABgueh | G
ot aeeleosarearoiag stement) LA cCifie S5, rivhod o dedlteBpRe ceble face
O PRl e S e 861 b sihel ikl i LT

the same amount of change in the scan speed than Ct2, Ct3, and that means the
scan speed in Ci2, Ci3 is considered to be constant in a longer time than that in
Ct2, Ct3. With the deflection angle conversion element 14, a range of time in
which a change in the scan speed is small is larger than that without the deflection
angle conversion element 14, and constant velocity is achieved in that time range.
Accordingly, with the deflection angle conversion element 14, it is possible to
correct image deformation, equalize illuminance of a light beam, and reduce
unevenness in brightness of an image.

[0062]

Next, the shapes of an incidence face 14a and an exit face 14b of the
deflection angle conversion eiement 14 are described. The incidence and exit
‘faces 14a, 14b are formed to be rotationally symme{ric around the optical axis.
FIGS. 5A, 5B are graphs showing sag amount (mm) (characteristic curve Cs) and a

change in sag amount (um) (characteristic curve Ca) in vertical axes, and showing
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As shown in FIG 14, the optical scan unit 10t is the sane as the optical
scan unit 10 except for a divergent |light conversion elenent 12t and a
def | ect i HO WA PW7Bonver si on el enent 14t. Specifically, RCH&PRI0gIa6128bur ce 11

emts aarddiggt(nﬁﬂ?@?d%ttﬁe%ﬁ%}é@laﬁ"i‘gb@ tAE RHecABn LRSI &F@Jergﬁﬁﬂgﬁgf’énttm

di vergent |1 ght conversio ement 12t is set to 3789 mm I stance

from el 80ip380 Bl 19 oS LRGRALAGIONOEIfe! pilleriUies, 1) of

t he diverge conversi on el enent vergen

conver.si I nt, 12t .i f | as terjal.,with refractive index
no, * Oﬁ&ﬁgﬁgf ggﬁodg%%‘r‘{%ébgf%%g%gs?%o?a% 34%‘; ?\k’%i t&a{%ﬁgg S go%g?ﬁlét Eeetg%d'
face thereof lao the reflective face of the optica defleci.or f’L3 is set to
18, 35490 CAPAATIRIES (GRFHIPHES S99 ady okt S48 OF Oin CoptIPELtHVEtacEs 5 they 1o
a first face (facing the o ti,ceil def].ector 13) of the deflection angle
converaiBrs BPSiti Whep the Gical @S ITCOHRR HoF1akis | FEcip and sopad Hiades

el ement 14t is_made of a glass material with the center thickness of 3 nm

and r &y dke jopdiqahpxis insths graxis shiogctiqmds FRIPc alAlsps taanamepmit coff cBarge uni t

10t) is configured to focus a light beamfromthe Ilight source 11 on a

posi t itgfenahicid chargod inmthewssg fanpewntheelgtiventd fuade chiage mmehet $orradiusc)

of the deflection angle conversion elenent 14t. [0079] Both of the

f aces dafedthmn,indetsge first-ogder diffarentiabquehtmewif th2tcharactasighierdwrak Gnith

expressed by the above-nentioned fornula (1). Data on the faces are shown

i n thaehtahldnw digetdbhe 3. WO 2010/ 010773PCT/ JP2009/ 061271 Table 3 FIRS

FACE SECOND FACE r 11.048116 -2.291852 k 0 O .
[0063]

FIGS. 5A, 5B show that the change amount (absolute value) increases from
the opticél axis to the periphery of the incidence and exit faces 14a, 14b.
Forming the incidence face 14a in such a shape that the change amount. increases
from the optical axis to the periphery makes it possible for the deflection angle
conversion element 14 to emit a light beam at a larger scan angle a as the incident
position is away from the optical axis to the periphery. Moreover, by forming the
incidence face 14a to be aspherical, the size of spots S on the screen Sc can be
reduced. This holds true for the exit face 14b, and the exit face 14b formed in the
above manner can achieve the same effects. With the deflection angle conversion
element 14 in the first embodiment, the size of spots S can be 1 mm or less.
However, with one having a flat lens face, for example, the size of spots S will be
3 mm or more, and a projected image will blur on the screen Sc.

[0064]

As shown in FIG. 1, the control unit 20 comprises an optical deflector

conirol unit 21 as a deflection angle control circuit and a light emission amount

control unit 22 as a light source control circuit. The control unit 20 receives as

an original image signal 23 image data G (i, j) which is image data at pixel
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5. 82336E-03 9. 26966E-03 2. 88669E-02 4. 76865E-03 C 7. 12105E-02 3. 75871E- 03
ID -6. 6%&92@(},@&)7&3 78366E- 03 [0080] Bot h faces afctiirecwetiecti on

209 RSG5 S FFe bl o IRpShAGal, BB SRRV ng
tabl ep?o'pg;?);) lcgntllrols the optical deflector 13 according to a mirror position signal Mp
' fgr éynchronous detection, while the light emission amount control unit 22
cdntrols the light source 11 accérding to the image data G(i, j) and the mirror
posit__ion signal Mp. The optical deflector control unit 21 controls the optical
- deflector 13 by outputting a rotation control signal Wc¢ while the light emission
amount control unit 22 controls the light source 11 by outputting an emission
“control signal Lc. The mirror position signal Mp is a signal output from the optical
deflector 13 and indicates a displacement of a vibrating mirror portion 13c in FIG
1. }f{hen the optical deflector 13 is driven by an electromagnetic actuator, the
mirfor. _pdSition signal Mp is obtained by detecting back EMF due to mirror
vibration. - When the optical deflector 13 is driven by a piezo actuator, the mirror
position: signal Mp is obtained by detecting back EMF generated in the piezo.
Additionally, with provision of a light beam receiving element 28 in an
appropriate position to receive a light beam deflected by the mil_'ror 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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11 in synchronization with the mirror position signal Mp, to emit a light beam in
:an amount for image data G(i, j) when the mirror portion 13¢ is inclined to form a
", spot S on the screen Sc at a position (i°, j’) corresponding to the pixel position (i,
j). With use of an optical deflector which can be driven non-resonantly by a
stepping motor or the like, the optical deflector control unit 21 outputs a drive
control signal to the optical deflector in synchronization with the light emission
_amount control sigwnal to form a spot S on the screen Sc at a position (i’, j*)
corresponding to the pixel position (i, j). |
[0066] -

- A_c‘cordingly, the light source 11 emits a divergent light beam in amount for
the image data G (i, j) to the divergent light conversion element 12 which converts
the divei'gent light into convergent light, and emits it to the optical deflector 13.
[6067] | |

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 té form a spot S on the screen Sc at the position
(i’, j°) in accordance with the pixel position. The deﬂec;cion angle conversion
element 14 converts the deflection angle 0 of the incident convergent light into the
scan angle a and e_: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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-2.79002E-05 -9. 19009E-07 D 4. 40239E-07 1. 33105E-08 [0081] Wth use

of suchva®@Bioi®®d scan unit 10t, spots are forned on gdermedorer7dc at
i nci dence angl es 75 degr.e

of, 0, 15, 30, .45, 60, ang es under a '
or edetdh RISt AoliTEs igecFpe PRIACtiON RIRnE (Acihen; T0) 1 2HI05F SpBESpolR 1 i ons
on the screen Sc. FIL.G 16 shows how the_ spots are fornmed. [Q082] In the
dr awi HtpsPrasent embodimenty e $R ‘F%gvilﬁ-"aﬂf éﬁfa bt thesm ﬁﬂﬁq%f’n% 3ﬁo$¢&r8ﬁ§ a 30
WO 2010/ 010773PCT/ JP2009/ 061271 direction and y-axis direction, seen from
the fmgximum @dthouph the 1dflegtonn pasle bmf ireroptioed defdeetosdd dsst b e
formed ‘at incidence angle p of 0, 15, 30, 45, 60, and 75 degrees,
r espedegreesyat Foaximems akd hetefosepat i aaon prejd. ans5imege 18F Afesigigowm an t he
sanme scal e size. [0083] The spots SOto S6 are forned in the
f ol | oprajgctianmenge Dicabout 230 manti on 13 of the optical deflector 13 is
rotated (vibrated) around the two axes orthogonal to each other. One of the
two agp@EEh9]s an x' axis and the other is a y' axis, and the x axis is
positioned in the sane plane as the x axis of the screen Sc and the y' axis

i S posi ti oneghrther,t Weths e ukk e ties deflecyioaxhsglef cdieerSide@ler®ent F4 Gthd 6) -

The x' and y' axes are set so that the incidence angle is changed In a

pl anesQfibMOsRAunt©0 1 e gedpdoFedibt @) Jdeh) maintain a constant scan speed in a
certain range so that it can correct image deformation and unevenness in
brighjness more than one without the deflection angle conversion element 14.
[0070]

Furthermore, the optical scan unit 10 (image projector 1) is very
advantageous in terms of downsizing since it can achieve the above-mentioned
effects with a simple structure including the deflection angle conversion element
14.

[0071]

The optical scan unit 10 (image projector 1) is configured to increase the
scan angle a with the deflection angle conversion element 14 so that the mirror
portion 13c of the optical deflector 13 can be rotated stably for suppressing a
decrease in resolution of a projected image. Also, it can efficiently utilize a light
beam from the light source 11 without increasing manufacture and assembly
precision of its parts and components, contributing to downsizing of the unit.
[0072]

Further, the divergent light conversion element 12 can have an anamorphic
aspherical face or a free-fofm 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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[ 0084] ~ \Wen the mirror portion 13c is rotated only around the x
axis, the position of the spot is changed only in the x-axis direction
(i ndi cat ¥@ 26y0/@i0¢dshed |ine fromthe mrror portion 13&CTJPRMNSOERDH Sx in
FIG 184 a“b@ﬂ%éa{iﬁdi%étri&ﬁ_x%?éﬂi{zé’r{oléﬁ %&i&é’tlﬁ&do?rt‘t& %Jﬁ%«fﬂ%ﬁ/la IS,

the position o e spot is changed only In e y-axis direction (indicated

by a tyo- I: [ ' i i: | G
16" 1BEHEe S theneld B8 WrBugh dhe PRI A Ry WSR3 recH LT
rotations of. the mrrof, poRiihon 13c.arownd the y' axi ' axi s which
rove. Svegcieh: FisAdntof3 Rl m8eiig € cHtr i bro e At e ol shable
respect.i vel are set to be +y' axis.and +x;,.axis directions. The tical
Gor | edtlate Mith &' Gr&iias opeaing far Shasimiathe sHisie hork St faisesv dnsgBper ng
the inner frame 13b is to be the x' axis. [0085] In FIGS., 15A to
15F,  tleadifgoto 30 ingreanentiy anlass of Fiehe AP ATAUSCPRY €hyFORSUMPLi QG A8
mrror portion 13c (O degree around both the x' axis and y axis). 31 WO
2010/ odepradeidon ybrooFcoed Imase apithe|sgreemsc shsttoghetedlighstspods.ar d bipisred
when the mirror portion 13c is rotated around the x axis at + 5 degrees and
aroundwhpethe divesgent liphtdegneersiomr olementhd 2X caaxiisclade+3ndagegwsphin
around the y' axis at 0 degree, around the x axis at +5 degrees and around
t he y'asphiesical facelOr ddfgeedsrmanownd fahe whichxias differSntlégeaidenghits ar thnd
the'y' axis at +10 degrees, around the x axis at -5 degrees and around the
y' axilkordtorftatlagdeertiaalldieotiods tbkatkve axXilse attive lgpgr e shapemivonduttohe y'
axis at -10 degrees, respectively. Note that in the draw ngs the spots Si

to. S6 RkEr CONRERLSIitl Sodsiblahio prevRnt la0losl loTdistet dMEfeRRiRAIAOEpHRLdEr
understanding of a difference in imge deformation. [0086] At the

i nci defeescabel ¢ FuRBERIwihithe En@morPhic bEFh&bié4I0MacB T ik fddR dutved f}@&:

stationary position and it faces thé screen Sc so that deformation o

pr oj ec i, mpge jspCi n i I : Vj Ous
Prom FrEdnk By Sofal Pendehc BENARCRNOI Spfts TohBed RuAl e FRlpucTulRie
def or ngt i of e . r 3 i,f ] . j L f.. t he
spots % Oé'%s}u%&g;@ﬁaﬁegﬂ?ﬁgg%%(rfmﬁ?ﬁmf tIi% "?Re:@ itfslé gﬂrrg%z[ f%%gﬁt?@%{sr ectl \I/Eg lgf

t he inci,dence angle.9. .To.the contrar ith regart 0.t he pasitj.ons.of the
spot s WHI HRcoleSap SFIAE R G o aflerina i Biraho it Mg RERb diffidich
smal | er the change anmpunt Qf the spot positions relative to the rotation of
the ni VheR the Tk 138 IHAUPR- the y axis. | n changing the incidence angle 9
in thek@lgane orthogonal to the x' axis in the optical scan unit 10t, as the
i nci de 3&ng| e 9 increases, a projected imge is defornmed to shrink
(cosine tines small er;_ in the x-axis direction according to the_val ue of
9 since the HmpHitargenblight genversipnidemestt! 2cozn he 15plagasksdby & mrilegtive
substantially vertical direction (y' axis rotation direction of the mrror
port i osletBmt 2Adink F&Gi § silhceit only tundthenstr eenv@d)liglitofyem thhéighit soarce o
forman inmage in a predeterm ned size, at a larger incidence 32 WO .

2010/ OID Td JaVedd2N A9 662 7drm 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 8 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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angle 9, it is necessary to increase the anplitude of the mrror portion

13c (ar umghibofrys axis). But, that is very hard to achigygaodbibi S
reason

Jtois,.adv eous t.0 conyert the deflection | e of a light
boam Riairettreh y Fle? 35 Epabieuied 1 keesive o fabEbeamry dldeeee du thegpariry
t he use of the de_fLe%ti ?.n angl e, convey si on gl ertnant 141 as in present
enbodPRERR [ifoguith the lightrecaiviggnelemenf ¢3otahgynahinngssefaieshiop et to
a very small value at_or close to zerq for generation of inmages of a
desi r Gpr@rais Birrey giosifiem signalst Mmdndigating ithe disglaccammierkithe mikaent
14t°. This however requires for the optical scariunit to include a beam
spl i t pertign dider injaseprdangei with signals dromdihedight weeitingr elegeentn2decases in
t he nunber of parts and conponents and manufacture costs as well as a
decr edsscribed Akodegr ee of freedom of parts arrangenents. As descri bed
above, however, at the incidence angle 9 of 45 degrees, about 70% si ze of
an i nEyYE7S]n conparison with that at the incidence angle p of 0 can be
formed since the size of the inage fornmed is cosine 9 tines snaller as the

i nci dence apgitBef) inN&TRA3EEOFheletHddef1@BLIBA spdeld b apRSIsiudleCot ehd @pficaiages
in a size close to a desirable size without the beamsplitter. [0089]

I n Fl §&5fled®A 1D dibrs RGhaDSeti 26 RaY andeseRicdINBirea9s fi Naleesivekgdherigrot s Si

to S3 are different fromthose of the spots S4 to 56 i'n the y-axis

?i recthQfeRibd PRmESEED and &Scm@cgforgiahg%??ﬁeef-s@%ﬁ ReehOhfl i Yan2HPhEe Of

he mrror portion 13c aroun axi ects beampositions virtually

can vETeffeqlies SLERGRs fuh 1R RSRBTRER PTG AP 57 Rl b Hn sl Fudl

the optical path..s0 that the anmoupt of deformation is far fro cosine 9
i mestioE b ASg HTP e oY f g Bl atgenteafy diVeretppRaeligh] for, the

simul ati.on w,thaout the deflectian angle conversion el enent 14 on.the

opt | cAPHiZARIAl and bertisabaTiastiprs BJERT ok &Y ArEisehoR ThEcd o7 mblipgge of
2010/ 10773P§T/ Jt§2009/%?1271 exanple of this sinmulation is shown in the

fol | otiengPticdh ¢efdectPRd 3t o) | owi ng tabl e 5 shows x coordinates of spots S on
the screen _Sc at the incidence angle cp of 0, 15, 50, 45, 60, and 75

degr eBModiipation ofifirgrEpbodimantl3c is rotated only around the y axis at 10
degrees (0 degrees around the x axis). Note that values in parenthesis in
the tEMI%]5 is obtained by nmultiplying x coordinates (least deformation due
to incidence angle) at the incidence angle tp of O degrees by cosine 9.

Al so, the nNextr apanodidicatbomodf rtbeatiecigar qunibdtbe adcoading ftohethef dirat y
coordi nates are always zero (on the x-axis). Table 5 | NCI DENCE ANGLE 1: 1)
0 15 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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principal ray emitted from the light source 11 and transmitting through a divergent
:light conversion element 12t. The incidence angle ¢ refers to the angle of the
ﬂi-ncident optical axis Li relative to the normal line of the reflective face of the
mirror portion 13c (optical deflector 13) which is in a reference position
(stationary position).

[0678]

As shown iﬁ FIG. 14, the optical scan unit 10t is the same as the optical
scan unit 10 except for a divergent light conversion element 12t and a deflection
anglg conversion element 14t. Specifically, the light source 11 emits a light
beam with a wavelength of 530 nm, the focal length of the divergent light
conversion element 12t is set to 3.89 mm, and a distance from the light source 11
to the first face (facing the light source 11) of the divergent light conversion
elemenf 12t is 3 mm. The divergent light conversion element 12t is made of a
glass ma-terial 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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Table 3
FIRST FACE | SECOND FACE
P 11.048116]  -2.291852
k 0 0
A 5.82336E-03| 9.26966E-03]
- B 2.88669E-02 4.76865[5"“03’
C 71.12103E-02| 3.75871 E—03I
D -6.673026-02] 1.78366E-03
[0080]
: Both faces of the deflection angle conversion element 14t are also
aspher.icai" and expressed by the above-mentioned formula (1); Data on the

faces are shown in the following table 4.

Table 4 -

FIRST FACE

SECOND FACE

3.810490

65.526384

0

0

-3.78511E-04

—-5.10841E-05

7.74024E-06

1.31502E-05

=2.79002E-05

-9.19009E-07

ojo|w|r X

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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18. 8 CONVERSI ON ELEMENT 14t (74.2) (66.5) (54.3) (38.4) (19.9) [Second
Enbodi nent] [ 0090] Next, an image projector | A according to the
second ewlpomitoreot73i s described with reference to FIG ®criirenobpsge

D01 S 8 P, B BRI S AR5 I TR S o
uner o aRRS “Een6 3PaT S0 0SB BY PRI E Sneteedt U daedf 35T
e RO EL IS SR SIS TSRS I, LR
12a, 12b, ,12c.,The light sources 1lla, 1llb, 11c are nonochromatic |ight
sour cégeshopgyin QIP"eéWPebﬂc@rge, S¥&spectively for color inmage projection. Using
such nmonochromatic 34
- [0083]
The spots SO to S6 are formed in the following manner. The mirror
_portion 13 of the (;ptical deflector 13 is rotated (vibrated) around the two axes
orthogonal to each other. One of the two axes is an- x' axis and the otherisay’
axis, and the x' axis is positioned in the same plane as the x axis of the screen Sc
and the y' axis is positioned in the same plane.as the y axis of the screen Sc (FIG.
16). The x” and y’ axes are set so that the incidence angle ¢ is changed in a plane
orthogoﬁél 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 13¢ 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 S0 is formed with a light beam reflected by a

stationary mirror portion 13¢ (0 degree around both the x’ axis and y' axis).
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WO 2010/ 010773PCT/ JP2009/ 061271 |ights, the inmage projector 1A is able to

generatgmpﬁhg@ﬁwﬁplor images with high color purity. IhﬁwﬂgﬂﬁﬁaﬁQﬂatlc
i ght oper vel engths. In agcon

SOUr ces can asers with
emo&%ﬂ%ﬁyi the $li’ 1 {3 3pet Shate oan@é#ﬁ%ah&pafrqrawh% 1 7e as fRipéetngt h
638 nmfor red Ilght the light source 1 Ib s a sem conductor |aser with a
wavel a0gnd theay awisfairt §rdegnces gnd amdﬁ&n pEisgcohe dearepmiacownd 50 nm
and the light source 1llc is a sem cgnductor |aser with a wavel ength 445 nm
for btuexisght-5S detgreds wedgenund ittty ' c okisertsd degrses moonrd theix ' 12%is 265 whi ch
function the same as that 12 in the first enbodi ment are provided to focus
| i ghtddgraesahd amothe the ghtaxdpat ed dagrbes,conueddbets’|dxjhtat -aniggrbeyaidy e
t he sane aspherical faces. [0092] The optical scan unit 10A is
conf i grened the v nakidet epdidegreaaiotndbhae’ aista -56kegré6band azoundtheal
path fromthe divergent |ight conversion elenment 12a to the optica

def | egt Gixid dt DUERES) A¥d hiciiid BRAES A1k bt esl depeeBstdiRl Adcaiid seuy taxid it a,

11b, 11c and passing through the divergent |ight conversion elenments 12,

12b, J3c d'e@?é%sonl%sp[e@ﬁeéﬂy Note thit HRetHr ﬁ?@\ﬂn%m?ﬁ)@' JPRAL. ST e 8Bt heal

pat h conbi ner Unit 16 is made of a dlelectrlc mul ti-layer filter and has a

char agy iy dkid ByOlir Gl B, Ll unl 60 ToP e ARG, ERlding Tgp and

haV|ng t he mavelengt rang transmtt eret

optic i_ner corresponding to the light source |lib
refle&]tffqué%}e %m& gg deﬁgg%laﬁ%ght wi th a wavel ength range 510 nmto 570 nm
and tﬁﬁﬁﬁi‘ts 90@6nnre of light with a wavel ength range other than this
range: T optical path conbiner unit 16b corresponding to the |ight source
11c reflect 5% mar,e of bl i ght wi.t vel engt h range 400, hrmto 490
s and t arhihe 0deRes angle m biped ih Bl oa, ﬁl&lﬁl "FahgLTOf P B i s
range. [0094] 35 WO 2010/010773PCT/JP2009/061 71 he |na%

pr o] eldieotiati pdaphpositighy angd i fasss the screpy Soge t @eﬁOle%ve% projecied
appropriately under the control of the control unit 20 (light enission
anmountnggmeveto ¢he incidenca apgimhe isdahe smalleste ro8 obiviers Siun FGB.113A s
converted into convergent |ight by the divergent |ight conversion el enent
12a, tnd5th; dhedargert theoltnghidenes anglieco) theatargenths defomation pddmagmis em t he
optical deflector 13. The optical path of this beamlight is set to be a

r ef erdrececrepn iScal Ppedifially) the phosithensiof thenspbts greeswbdtagtinllyoilecmmé b i s
converted into convergent |ight by the divergent |ight conversion el enent
12b, irethegtedisbyirebdoapirrespecpdiehot abibiineiddintiet adgle on tThe thef @ymrary,
optical path Pb and transmits through the optical path conbiner unit 16b to
the oRithCadgadalf {Cceh®pokdtions |dfUtHe bpad®d {d ehe bhaxhy derelctioh theulaggerltheC s
converted |nto convergent |ight by the divergent |ight conversion el enent

12c, apddéfde £ed18% bihd BRaPRE ithlchRAES aﬁﬁfﬁ}itr‘tﬁr tH@éﬁotlﬂklﬁ%nfs h%l;ﬂ@&@t@nce

optlcal path Pb to the optical deflector hus, |ight
beans, t o 11 !I re 160 o]
conver}%en&n%{ n})ﬁéﬁﬂgﬂrg? er (ﬁglri]lt q?l ﬁét(ﬁxélgn&gﬁﬁ s}% on&elﬁérrel‘rr\]lt gﬁﬁéﬁ‘%fiﬁé 12c,

respect i e 0 n d

di recfncaéf?%%t%@%”&z f“%?ﬁl?é el éﬁ%‘l o8y ks M tnd Bptibal B R BT o,
is defl ted the ptical deflector 13 .at the. defd ecti

convert BiF Ingid st mén%r&aﬁesaﬁg%OJsc'ie&rlaageﬂﬁa Sl R 3‘69‘&?}&?“&1’6‘3 by

t he deflectlon I nversi.on, el ement 14 gnd for spot s on.the creen
Sc* ash HMERCSTAALGD SR ARECEOiS GifeTien acrCrd Bt RErTABenet @ FItee §BF 11 on
13c of the optical defl|lector 13 is_driven under the control of the control
uni t 2Wp{igede of light Wit be abewt cosingmie times kaggerin actubstantialiyerygéival | i ght
and two di nensionally change the traveling direction (deflectjon angle 0)

t her edrrectlher(ebyaxmndahenshmaiqrwf oherinitros petrsioonl Ihand ar-axis Eeeciion

optical scanning, 36
on the screen Sc).

l[0087]

Therefore, to form an image in a predetermined size, at a larger incidence
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WO 2010/ 010773PCT/ JP2009/ 061271 em ssion timng, light intensity, and
em ssion period of the |ight sources 1 1 a, 11b, 1lc are properly
cont r ol I'wo 2pbeea0776n | nage data (image data G (i, j) at PEngP2opye@l7i, j)) to

ol 10 2 at PeRORODHATETI
Ta acaSEuf B9 i PSS 0 IRSIER HmlUE B iog miron PR a0 RapUBEL o

scan apgl ereven wth, the,,optical_ defl egt . in S | flection
angl .ei%ﬂgsyt hea’ﬁlﬁ)age tOj teh(?{?o%s 1'% C(%'lra ?ng‘;t%a%lggg‘fi ?1;?1' eﬁ%d‘f%&ﬁb? lJ’éecli%luse

of this, it can project i es Ln a very.clpse ran and itain.th

const VAR LAgF sV er JRERE AT PR TELR b Of & LB dieih TRGPeRe] Sonis on
or ‘unevenpness | n brightness, [0098] urther, the,i projector 1A
ncl Ui oAl dle s Reh Adntp & M4IgRE SSatrangle 1o by s 401 01 She(FeedHon 3RERDr m
color images in _high contrast and with high color purity. In addition, the
i mage MyEEEOBrelemant d 4t gafinguesent oMEPHERERY render each pixel, and render
pi xel s gi , J) according to black imge data G (i, j) wthout |ight em ssion
from t[R@8Bhser. 1t can prevent a black portion of an inmage from beconing
too bright and inprove imge contrast in conparison with an inage projector
usi ng a mi crithedicpliencesangleap shiogld dbecpreserdbly [s2030]a very smaHuvalkuerat or
according to the inmage projector 1 A of the present enbodi nent, the

di ver gdase lto giero clonvgersiratioal efmbmaged 26, a W2hbjrable siwee dvemnedth msthef tleere
aspheric shape. However, the present invention is not limted thereto. They

can bejedRidtitH higlesban@didm elémentlititer amis fsadvdrefguite soforstiapepticabm

each other in accordance with divergent |ight of the second harnonic wave

of t hescaﬁffﬁrﬁpredlyﬁa%el@seamtstplft%ngf‘eﬁa@wrﬁaeﬂoﬁ; § fOfth S SHRRAM) SPhTEH N
the Iight beamfromthe nonochromatic |ight sources. [Mdification of

S Fﬁ%@ ' H tha o / RCH/ 12.41 09 :
aﬁciozg)gre r gijégg?%érs %A%he( op%l%gl&ixg%gg,g r%drt &dlar%gfpl)%xgg ]aglﬁn%{ggf% ifc at ir%r? O(S)%S ?%I:Xt

. ! . . . . | h ,
orof et e 4524 Spetsist Ip B 00aEF o il Gin S RARs Wirdiedontl, | Adpecied T00°
proj ector in ma si ze.. ., The structur i S_ba t he .sane as

a small er . C ey eof i | y.
Phat *ateavse bt o8] d, feiadaes, 2kl L 08 40 B hrdren oL 3014, 512 R “He
functi,ons and conponentsi]t%{ iven the.sane nuneri cfcgdeav\gn? a d&t ail ed
descr i'Ra&m!h REFPARISPE Whi Atpng 1npReRifARE iScRItyY SABWRE fREMES Rt %r e
of the_ imge projector | At buyt, omts show ng the control _unit 20 for
si npl itBpt§ize miche) gmagefermad igrcRsng &2 HIBRS smaller, 3stheineidgane anghne
conversion el enent 12Atl used in the inmage projector IAt, FIG 19 shows the
cross ineredsgh. ofinathéedpaBmeN, vlér@eﬂ?s$lﬂ>é¢1ttocgﬁm-r1§l%ﬂ¢se%rﬂeﬁtzelﬁﬂsf, tEas 20
shows the cross section of an optical path conbiner unit 16At, FIG 21
shows ddsérablesizeswithowt thé bgafospldttesns 70, and FIG 22 shows the cross
section of a second divergent |ight conversion elenent 12At2. In the
fol |l ofilB39]t he optical axis direction (principal ray) of an optical path of
each optical elenment is set to be a Z axis. In FIGS. 17 to 22, however, an
exit opticallnaXiGS.dif&abiIBF,ahe abkohste tdlghs of ohie cootdiAatesodf theespotgBi
source Il At is set to be a Z axis, a direction orthogonal to the Z axis is

set taob$3 ard dRfefentoftdnt tibdeL6f LIRS spoi199a08a86 i thetyariedirestidatod thde an
X axis. Also, in FIGS. 18 to 22, the optical axis direction of each optical

el emende bén SR vefad& @ Aiﬁééeiceainditﬁ@%itmo&rédlmgoaakhé qnfrpfr JoeMbAgB3E S

set to be an x axis, and a direction orthogonal” to an x-z planhe is set to

pe 2 YaB¥h tnklk’t NRi{ 01BN Boam IR AL i A0l R ALAN S0 BtdUL UL RL Lhe

i mge projector | usi ng an orthogonal coordi nate system
of X, .Y,.Z axes (jhereingfter. gl.obal axes): while t tyuc fle ta
or ¢ heeideabecfngltoh o Mbtéiveal afdle GPRFAL S04 Sl ok e Grtof el
Coordlcnoﬁv%rg'o%t %{grgcfentx’l4¥’iszinas)é1?t%d( Qzelrt Ien%fp {tal Aaqcﬁ? Isoat east) th %]rhoolllnt 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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38 WO 2010/ 010773PCT/ JP2009/ 061271 The optical scan unit 10At of

t he i mage eh@eior | At is configured to include firstpcang@eson6: | 1 ght
sources 1 JAtL,,.lI1At2 and first and second divergent |ight nver sj on
o orcttastnleof thiysang 1850 it ROwR 1o BE T HOinkgafes. | b sl o

source 1 Al is hybrid |l aser (HBLD) in ich a, sem conductor |.aser chip
"lta ishaws kepprtinatesatorrath Soan Sﬁ’ﬁﬁe(lhg] éfﬂ‘ffk”é’ﬂ‘,ie?‘ii‘da{@eéhf)@jﬁd a
sem conductor laser. chip Iltb with a center wavel ength of 445 nm

(her e?at bV, pnd S degneep)Whanthe PHRGE Pl b3 syiagptated oadY pspurdh the

si ngl e ‘package. In the first light source Il Atl, a distance between a |ight
eni ttyngaxisi at 1df deigaeessdOLDegrdes ardumd dhd xhaaxisd. t A¥otsl thatl Pabisspin | tb
(between both of the exit optical axes) is set to 0.9 mm The positions of
t he | papentlseanis cen I1theAtthblnd tise obitaiseddibye myeliiplyimht x conordisates dlaasent
12Atl are determned so that the exit optical axis of the red LD chip 1 Ita
coi ncdéfdemattion dmneoty iiaeidensk Sanglieh aufthe indidencesmigléap dfi Ostegmrs Bnce
12tal of the first divergent |ight conversion elenent 12Atl as well as the

exit @p¥ih6dy. aAeso,0fhetMerrbe@oaiion Bb Wt :Br4BH PFolind tthe X'l GRis;ttheretpté,cal
axis 12tc, an optical axis 12td of a second lens face 12ta2 of the first

di ver gesidina@8tare AMAYS12@P0 ¢bRTREK-dA)| are placed in the same plane.

Li ght beans (linearly polarized divergent light) fromthe red and blue LD
chi pstlpfetf, | Ithb transmt through a cover glass Iltc and are directed to
the first divergent |ight conversion elenent 12Atl. [0103] The first
di vergent -l i ght conversion elenent 12Atl is nade of a glass material with

r ef r acti—ve— —640— 1506643 AA5="1 519210 —amufunctions 1t o
make Ifi ght beans fromthe red and ONGIENCEANGIE @ a, 11tb into
substantially parall gl ligght (beaygs. As shown [in G [18, giche [fir g8°

di ver gent—t convgrston—eHememt—igAt—nchudes—a—ffrrst—facge—t2t=—flaci ng
the fifs ,4 A rde 17401 |antb4d sqcomdobade 1 h flaci?PB a 36.9
| at er -l[deSori e 1i dal path |c¢gms.Der| unb0.71gqAK1288 [WO87.0) (45.0)
2010/ Atclﬂﬁ’l?7] [0104] The first face 12tla of the first

and a lseEURPTIORMGLE ade 1217a2. i rist s |f 2tlal deShna Ir okafdonfal |y
sy et fGONVEREMNELEMENT Wdce and flun ?izﬁ)ns ts)eg“d'gupl e ia\%er gegwd[&sﬁ)i dht hg%mthe
red LD chip Ilta. The rotationally symetric aspheric face can be expressed
by the above fornmula (1) in the orthogonal coordinate system (the arrows X,
y, z [Seden@d Efboduimene] a point 3 on the optical axis 12tc (rotation axis)
of the first lens face 12tal is an origin point, a direction froma

| at er f@EE]ri bed optical path conbiner unit 16At to the red LD chip | ltais
+ z axis, aright side of a horizontal directionin FIG 18 is + y axis,

and a direcNeef) hhofnhpe Hidjettoroithacbhasdingf té hthedsavbind embodithb@ganal to
the z and y axes is + x axis. Data on the lens face 12tal is shown in the

fol | outeigidaPhitR- reféRinRebto FIGRIT LENS inf¥de bebpltér 1A is a color image

di vert:)t | W Tconversizgrg el eq_gg]'g ;EAtI 5i.51cl ud%§_ﬁa fli rs‘geé ens fﬁcae 12t al

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 descripti'on 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,
12¢. AThe light sources 11a, 11b, 11c are monochromatic light sources of red,

green, blue, respectively for color image projection. Using such monochromatic
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‘lights, the image projector 1A is able to generate bright color images with high
'\colo_r purity. The monochromatic light sources can be lasers with proper
*wavelengths. In the second embodiment, the light source 11a is a semiconductor
laser with a wavelength 638 nm for red light, the light sburce 11b is a

. semiconductor laser with a wavelength 1060 nrﬁ for green light and uses the
Sec;ond harmonic of 560 nm, and the light source 11¢ is a semiconductor laser with
~a wavelength 445 n;n for blue light. The divergent light conversion elements 12a,
12b, 12¢ which function the same as that 12 in the first embodiment are provided
to'fo'cus light beams from the light sources to be convergent light, and they have

the same aspherical faces.
[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 oﬁtical deflector 13 to combine light beams emitted from the light sources
11a, 11b, 11c and passing through the divergent light conversion elements 12, 12b,
12c into one.

[0093]

In the present embodiment, the optical path combiner unit 16 is made of a
dielectric multi-layer filter and has a characteristic of reflecting light in a
predetermined wavelength range and having light outside the ‘wavelength range
transmitted therethrough. The optical path combiner unit 16a corresponding to
the light source 11b reflects 95% more of green light with a waveleﬁgth 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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G 4. 54194E+00 H -5. 06044E+00 J 1.67894E+00 [0105] The second | ens
face 12wa@adisof7sptationally asynmmetri c ananor phi ¢ as@w@niredonse7and

2010/ 010773 P S BEBEOPEES A K lht MEtS Spurteny | Kiolih et Bebe o o1
opt i CAPPEERTLIANY ARG e CRABPLRB AR ey FAHER T anftodPnd By KETSI0D) P ite
O oot o2k b b R e Pk o o rd B
Is an origin point, and a direction froma |ater-described optical path
conbi Aervengient Usght by thee diyergend léght copyprsian «elgmept 12 0pmd) | tagsmitsux
31/4" wiry' z 1 + SQRT (1 - (1 + KX) CUX2x2- (1+ KY)
thrm{gh the optical path combiner units 16a, 16b to the optical deflector 13. The
opﬁcal path of this beam light is set to be a reference optical path Pb. A light
beam from the green light source 11b is_ converted into convergent tht by the
.divergent light conversion element 12b, feflected bj-l the optical path combiner
unit 16a on the reference optical path Pb and transmits through the opfi‘cal path
cox_n‘tginer 1_1nit 16b to the optical deflector 13. A light beam from the blue light
source. 11c is converted into convergent light by the divergent light conversion
element 12¢c, and reflected by the optical path combiner unit 16b on the reference
optical path Pb to the optical deflector 13.
[0095]

Thus, light beams emitted from the light sources 11a, 11b, llc are
converted into convergent lights by the divergent light conversion elements 12a,
12b, 12c, respectively, combined by the optical path combiner units 16a, 16b and
directed to the optical deflector 13.

[0096]

The combined light beam is deflected by the optical deflector 13 at the
deflection angle 8, 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 9) thereof, thereby

two-dimensionally forming spots on the screem Sc. For optical scanning,
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F AR ((1- AP) x2 + (1 + AP) fp + BR{(1 - BP) x2 + (1 + BP) y2}3 + CR {(1
- CP) x2 + (1 +CP) 372}4 + DR{(1 - DP) xt + (1 + DP) yz}5 (2) where CUX
_represenWQZ@ﬂﬂP/Qﬂ_&ﬁ’l}re (= 1/ RDX where RDX is curvature r@§TE2000/061236 r ect i on)
i N theptidid e tin g, 10 ineH P60 SHIsd0n pRriod df tHVIipheseuRdY 11, 11b,
curvature radius in y direction) in the y direction, represents a conic
coef fi-gj | | i (¥=T oYy : | fiycj i eyY
i rect ] SnereapPonglfy Epfltighed Bibedn e Ao i Ol Dot skl

&?ﬁf}&i,nggz%%eq;{esc&g}%{ gl’uns%ﬁgggé,%' arts, respectively, and AP, BP,

ormation coefticre orfth, sixth, eighth, tenth orders

rotati E@I,] asymmetric parts, respectively. [0106] Each coefficient of
the f I; (2) is shown in the following table 7. In the table 7 "E-On"
signifies "10-n".. Table.7 V\g 010/ 01.0773PCT/ JP2009/ 06%271 SECOND LENS
FACE 12t a2 ymage progectpr acgopdizgqtqcthe present embodiment can emit a

light beam at a large scan angle even With the optical deflector -13 having a small
_ deflection angle, a;s the image projector 1 according to the first embodiment.

Because of this, it can project images in a very close range and maintain the

constant scan speed in a predetermined range to correct image deformation or

un'f_:?v'é_nncss in brightness.

[0098]

f‘ﬁrther, the image projector 1A includes the monochromatic light sources
11, 11b-, 11¢ 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, 12¢ are formed in the same
aspheric shape. However, the present invention is not limited thereto. They can
be optimally designed to have diff'erent 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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~[0100]
Next, an image projector LAt {optical scan unit 10At) as a modification of
~ the image projector 1A is described with reference to FIGS. 17 to 22. The image
projector 1At (optical scan unit 10A) is another example of 2 color image
projector in a smaller size. The structure thereof is basically the same as that of
: thé"image projector 1A in the second embodiment, so that the same functions and
components are given the same numeric codes and a detailed description thereon is
‘omitted. FIG. 17 schematically shows the structure of the image projector 1At
but omits showing the control unit 20 for simplicity. FIG. 18 shows the cross
segj:id_r:l of'a first divergent light conversion element 12At]l used in the image
projecfor “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 11Atl 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 dirgction
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 projectbr 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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-7.31530E-02 DP 1.99910E+02 0107] The second face 12Atb of the
first divergent |light conversion elenent 12Atl is a rotationally symetric
aspheri WPZEWMHRH3 ts rotation axis coincides with thePSHIPHAYOHRTIS 12t ¢ of

the first |erge foptical dcah oiitt heAt iofSthd apRgtlprojedive 1At ki @dfligyred to
symmetric aspheric face is expressed by the above formula (1) in the

or t hog@RAhd £ FiR§1liRBEEc AUB IR G¥urces 71 A, HI1A21H1d ¥i8t 8nd sBebid d&Per@nt he
optical axis 12tc (rotation axis) of the second face 12tb is an origin

poi nt ’l'i‘élt?ﬂ‘éé?%rgﬁﬁ{ &%éﬂtgmztm I@tﬁ@_—é@gﬁ;&ﬁgﬁ i ieal path conbi ner unit

16At to Irst Irght source FI'Atl is +z axis.” Data on the second face
12At bof'{%l)?govm in the followng table 8. Table 8 WO :
2010/ PCT/ 3P2009/ 061271  SECOND FACE 12Atb 6. 72201

The first light source 11Atl is a hybrid laser (HBLD) in which a
ser;iiconductor laser chip 11ta with a center wavelength of 640 nm (hereinafter, red
_ LD chip) and a semiconductor laser chip 11tb with a center wavelength of 445 nm
(hereinafter, blue LD chip) are arranged in the Y-axis direction on a single
- package. Inthe first light source 11Atl, a distance between a light emitting point
of-th;é_ red-LD chip 11ta and that of the blue LD chip 11tb (between both of the exit
optical ages) 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-desbribed 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 11ta,
11tb transmit through a cover glass 1lic and are directed to the first divergent
light conversion element 12Atl.
f0103]

The first divergent light conversion element 12Atl is made of a glass
material with refractive indexes of ngsp = 1.506643, nays= 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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[0104]
The first face 12ta of the first divergent light conversion element 12At1
' includes a first lens face 12tal and a second lens face 12ta2. The first lens face
lﬁtal is a rotationally symmetric aspheric face and functions to couple divergent
light from the red LD chip 11ta. The rotationally symmetric aspheric face can be
eip‘ressed by the above formula (1) in the orthogenal coordinate system (the
arrows x, y, z in FIG. 18) where a point Q3 on the optical axis 12tc (rotation axis)
"of the first lens face 12tal is an origin point, a direction from a later-described
optical path combiner unit 16At to the red LD chip I1ta is + z axis, a right side of
a hox:i__zont?.l direction in FIG. 18 is + y axis, and a direction from the front to the
bacic df the drawing and orthogonal to th‘e z and y axes is + x axis. Data on the
lens face 12fal is shown in the foiiowing table 6.

Table 6 -

| FIRST LENS FACE 12tal
-1. 8945

-1. 36684

4. 36388E-03

8. 23572£-02

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

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

-

CiITIOQIMIM|O|IO0 W |>»|*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.
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FL 2. 68002E-07 J 7.83204E-08 [0108] The thickness (from@ to b on
the optical axis 12tc) of the first lens face 12tal is 1.5 nm and that
(from QAWOROTEOI8TY3t he optical axis 12td) of the secondPCEAB2HYOE2TI2t a2 i s

1.5 TR tdhicet ﬁ%ﬁg?&h\uﬁﬁﬁ dihe PRhiCRAradtel Stol & Ohxid)of thStadadSrphase

12tal and the optic axis 12td of the second lens facé 12ta2 is 0.93 mMmin

2tal and the opticdl “axis 12 s T .
bl ane TRTSES| TS b tng 205, ARACT: RES UG BB P R e B 1S, 1

e Mool sSRLAG (790 1 SRRl |QUERTIGE: WL 1B W DL 1 Y

paral | s 'conve i'ver gent conversi on “élemnent
12At 1. 1 Th cond, |l i ght sour.c | At2 . 1s a_senm conduct or
cer TGRS wheree navt Qoo e Rt e e A IREME SR (1
center, wavel engt h.of 530 nm converted. A light beam from an exit, point

(Vi r ¢ dShe bt (1182 Sais OF1EvR POty HEY 2edisnatiPhoHts BURE-dercateed PRHEAI « s
through ‘a cover glass 1 Itd and is dire¢ted to a second divergent |ight

converkathrrambinghunib ApAt tovipe tdwe/Id ¢rBPET? 39J0D9K61271 [0110] The
second di vergent |ight conversion elenent 12At2 is nade of a glass nateri al
wi t h aFemmulaciZ)ve i ndex /1530 = 1.51199 at a wavel ength of 530 nm and
functions to nmake a |ight beamfromthe second |ight source 1 1 At2 into
substantially parallel |ight beans. As shown in FIG 19, it has a first
face 12te facing the secorgyki8htcippfrce |1 At2 and a second face 12tf

faci ng thezwwwﬁmﬁm—m?ﬁfﬁﬁﬁdw;ﬁﬂ The first and
second faces 128QRTG (A hBAREUKKe (bt S EGNAYY symetric aspheric faces
havi ng the sar ' is 1 tagi iS) .4 The, fifpst f 12te i
xpr ogsed byt hd by 87 8T S APYS B Rt A aShar BRAEPET nat o system (x.
Yy, zin FIG l?ibg\r/g?ﬁg%zp_phm C%z +tﬁ3@{@ptﬂp§§i +Q§L§)p}iig i s..anegrigin

point, a direc he* opti'’cal path conbi ner "unit At to the second
light source IlAt2 is + 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,gdLanNR gx 7_ [ aXi Wy LY intHe
second" gce 1 t?‘%éggeédgggcgggé“ﬁg fhgvg%?ﬁ%ren%P}((l%%lﬁﬁaﬂ{? }oa?{l é(;dgnal
coordi pate.system (X .1 n 9 r j.nt_ Q7 (Gl axis
Sovg | SOLFHGITIEThe s dleecion GUS, spbsdi furdalilells YURBY iR i
16At to thg second Ii.ght ?ourc?.e LI At2..is +z .axits. Deiéﬁ on the first and
second®VABEYT FadWisiti § AEECERN odf nHie abl HreFtidny, KRR gTepresents 2 conic

coefficient in the X direction, KY represents a conic coefficient in the Y direction,

AR, BR, CR, DR are deformation coefficients and forth, sixth, eighth, tenth orders

rotational symmetric parts, respectively, and AP, BP, CP, DP, are deformation

coefficients and forth, sixth, eighth, tenth orders rotational asymmetric parts,

respectively.

[0106]

Each coefficient of the formula (2) is shown in the following table 7. In
the table 7 “E-On” signifies “10™ ",

Table 7
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WD 2010/ 010773PCT/ 3P2009/ 061271 FI RST FACE 12te SECOND FACE 12tf
-16. 12640 dndids7s 117. 47157 -1.588621 A -8. 65693E- 02 pcayip2i9féna® - - - -

SECOND LENS FACE 12ta?
|rDY ~1.87285
|rD x ~1.88279

" kY ~2. 47171

K X -3. 14941
AR ~2. 70533E-06
- |BR 1.12256E-02
CR 1. 697156-02
DR ~2. A3464E-13
AP -3. 06876E+01
BP 2. 54510E-01
CP | -7 81530E-02
DP | 1.99910E+02
[0107] -

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
11Atl is +z axis. Data on the second face 12Atb is shown in the following table
8.

Table 8
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-4.93648E-02 -7.53448E-03 5.92904E-02 1.25281E-02 D -1. 72890E-01

-3.167

39E-02

[0112]

The thickness of the second divergent
conversiW@@ﬂ@mm3 12At2 fromQ@Q7 to @B on the optical

li ght
FETHIPIPOYSRE 1. 5 nm

As sho
conbi n

T F

e | i ght

J_I LIIC

SE60NRS FAGE: A2Ath

piical path conbiner unit 16At is provided to
ferent wavel engths fromthe second and first

di verg
conbi n

ENT 110
'd | i gh

Nt Cconver,.s
trans mat

29|

bl ement 12At 2, 12Atl into one. Thereby, the
ough the focus lens 70 and is directed to the

opti cal

defl e

Ct or 139(11 17515@

SN _as

anni ng. The optical path conmbiner unit 16At is a

pl at e-
the fi

Lke pr

ot div

e 1 genq 73436E-02

abAand \ID_V'ﬂ

n FIG 20, and includes a first face 16ta facing
bnver si on el ement 12Atl and a second face 16thb

faci ngkthe

Nor mal

TTC Ub

Bine(

i ant
~ UTTCT “ur v blll.

ha) of. 73649E-03

| i ght conversion el enent 12At2. [0113]
5t face 16ta and that of the second face 16tb

are no
conbi n

T-paral
“.uni t

I I T TIE allp
16AF8 E

Wk sane plane is in a wedge shape.

pl ane and a cross section of the optical path
A vertex angle

(3 of
16t a,

e wed
th ea

[

b hade 'Z?E-?ﬁi

to 0.8 degree. The first and second faces
wi th wavel ength sel ective characteristic. In

this n
of 959

ified

and tr

enbogi

ansmi ttance

ﬁﬁggb

filmof the first face 16At has reflectivity
5%relative to light with wavel ength of 640 nm

' denceiaﬁM?E-QfS

\AA 'I' h W&

45 1.5 degrees, transmttance of 99% or nore

and - 20P24BEt0Bhce of - 99% or

ength of 530 nm5 nm at incidence angle of 45
nore relative to 45 WO

2010/ 0 1
H . 2. 68002E-07
J 7. 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).

In FIG. 17,

The 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 12Atl1.

[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 ligh

t 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.

43




light wth wavel ength of 445 nm +10 nm -5 nm at incidence angle of 46.5
2.5 degkaesoobfrrrexanple. The filmof the second face pa/jp2i@B61271
tranrsTfB nce of 99% or nore relative to light with wavel ength of 640 nm
10 n a]t I'nci dence angle of 43.5 1.5 degrees transmttance of 95%

relative t th wavel ength of 530 n ncld ce angl e of
46.5 1.5 35'@?35&011 Aiveraen ERE fav R amelenstl VAL TS adeupt A Elass
wavel engt.h of ﬁg +10nn1 5 nmat incidence angle o 46 5 1.5 degrees.
The fMRRerigh With a rg Lsactivel 9denmsss Fods hid%aat sepigvalengsbt of 630, pmsand
about 5% of amount of |ight beams with three wavel engths fromthe first and
seconfinfitinnsgdat makghta clogherbsam &rameths sezand, lighi; sopres allAt2 into

| at er-described light receiving element 71 in FIG 17). [0114] The
opt i csubstanthaldpmsrabel light Hetms.i sAsesdovol in KjiGsk?,nmitleas alfiwst tface d2tact i ve
i ndexes n640=1. 514846, 11.530 = 1.519584, n445 = 1.525786. In FIG 20, the
opt i cHcingmheseadnd light ispatce ALAtA6hd ai &canpicﬁane 1Q8f ﬁatdngrthierd;ﬂicaéqiaﬂ@n of
the normal line na thereof on the point (B8 and the second face 16tb is a
poi nt cé@biddrhhfil 16At.- The point B is positioned on the optical axis 12tc
(Z-axis direction in FIG 18) of the first lens face 12tal of the first
face fi@tigjof the first divergent |light conversion el ement 12Atl. The
optical axis 12tc makes a 45 degree angle with the first face 16ta of the

optical patthe it nid H@édndl%\t:eé’\’fm@ !?tfpﬁ{e%@ﬂ'a?é”r%"taﬁen%SP g%r'ﬂﬁnbﬂ% udi ng
the optical axes 12tc, 12td (Y-Z plane (gl obal axis) in 18). The

fgmsg‘{‘ A PR 9:{‘83_‘? %p“’ﬁgl R P88 yi,"ﬁrﬁ“&fﬁ"‘% e)éme?romtﬁgf e S%l)
to I %%%‘r’? PRSP 80 oY b %#P“ﬁ.“h% ﬁe{ﬁﬁ‘%fm{‘hgg ?‘ﬁ@?v%%ﬁh?‘g s emﬁ%r dont
si nglgyrsﬁw% rowattﬁeoqptacaéo%%@am e nib oAt “E‘ei)‘)g?‘itr fhe

focus Iens 70 to the qpti cal deflector 13. As, descr.i bed above, ~about 5% of
amount 1882 ihg 7 agis aBééﬁPd&ﬂRﬂTeﬂ ppiithe vertisal dirgetigerin FIGHY iofyeds on

el ement 12Atl transmts through the optical path conbiner unit 16 and

t r avetnd adlizeqtigrefrome dbe ifrant 10i it backcef thendrasyiagesnd guthogonaljo zand y The
| i ght beam fromthe blue LD chip IlItb is coupled by the first divergent

| i ght axeisersanis. el Bimererlypthd seawnd fasarl3if poespieseed biywbegbotvel foghtu]a
incident on the first face 16ta and refl ected by the second face 16tb to

t he f{Insin thecetiéden=gaiordirmtd syotdm (edy.vd ihFiGel9) hdrert iaghdinb €hsn ths
descri bed above, about 5% of anount of the |ight beamfromthe first

di ver ggtitall ixgbtl 2egny ansdrdgirepeimnt diZAtion frons tid ptibabpgth th@bopdriwdat path
conbi ner unit 16At and travels to the |later-described |ight receiving

el enepgAY ko thelskbnd light sShFdd AIAY2 ik e bkpnt beamohram fifgt $€€Qadohd ght
source [ At2 is coupled by the second divergent |ight conversion el enent

12At 2¢dcRslik @ﬁg{vlnymog{eafdg&qugg vadigent light, incident on the second face
16tb to the first face 16ta, and conbined with the other |ight beanms. As
descrq bove, about 5% of anmount of the |light beamfromthe second

di vergent 1ight conversion elenent 12At2 is reflected by the second face
16tb of the optical path conmbiner unit 16At to the | ater-described Iight
receiving elenment 71. [0119]
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The |ight beam (I aser beam) with the three wavel engths conbi ned by the
optical path conbiner unit 16At transmts through an aperture elenent 72
and i s dVOSHEUHITE t he focus | ens 70. The aperture el eRERIPTBIPGIZTIUdes an
openi ng—A—a—psfat-er—s+ze—t+hat—that—ef—the mrror portion 13c of the
optical defl ecFIRSTLBAGE 12440 SECOND OBATE BEXF/ JP2009/ 061271 prevent a |ight
beam fromberyrgTicrdent —ompottrer—portTtons than the mrror portion 13c. In
this npdified exanpléﬂﬁfH@4jianeter40ﬂ4§$k openi ng of the aperture el enent
72 is get 1o 096 nm_an DE center, .h bf coincides with the axis of the
optica I‘|oat h {pri nci1 3?2? ari/ of the_1ct§ géﬁed | i ght bean). The aperture

el enent, 72 can pre [renc c due to light incident on a
portic)ArnherALhangﬁﬁﬁggggp [ pogtﬁ%ﬁgéggﬁmhich may cause degradation of

col or jgrage quality.ods@3RGk -7 53Wageftus I ens 70 converges parallel
| i ght pbeans—wth the three as to forma predeterm ned size

of spot@ S on| the 5c92904E-D2| (i n Fl 25283 else). It is nade of a gl ass
mat er i pt—wi-th-+-efract+ve-—+ngexes—H640-——==31514846, n530 = 1.519584, 11445=
1.5257d@5. The| f ocud. T2880E-00 incl—&dkﬁ%&HOZ] st face 70a facing the aperture
el ement—7Z2anda second—face~70b-facimng~the optical deflector 13 which are
both aspheric with the center of curvature on an axis 70c. The curvature
radi ud0dfi2fhe first face 70a is 6.65277 nmwhile that of the second face.
70b is 3.3 mm The thickness of the focus lens 70 in the optical axis
direction (Hetentdnkfi® aihtheQckond divergeqitslighiccaiverbionf ¢lemersnd Secfriodn
faces 70a; 70b respectively) is 2.0 mm The focus lens 70 is disposed so
that tQ# 1@xQ8 gPehe wpiivad exiwiihgtibel Spimngal Aaxslsowh ihhEIGI 1] ehopptical
path (center -of the opening of the aperture elenent 72). The conbined |i ght
beam igsatli combeflert Qurdihel ot iigapreidte8CtOr combiny QUgt bBEmsOGHSh | &iTBeréQt

[ 0121] . The optical deflector 13 is configured the sane as those of

the oplh¢alengAANFYM e S8cbid @ndzfirst]-@i%e%g@[?t{ ﬁ'gﬁg cbBviRSoh ie{iéﬁleﬁpq 22899 nd

enbodi ments. I n the optical scan unit 10 optical deflector S

| | _ _ _ s
ol acedh 2t b dote CPRL Ry Hhe BbofdBe I ERY RAL I H O Tod i1 AR1T 62

axi s e single optical or portion 13c

D o3 SR8 e, BOrsEea R Iok e i s B ke

2010/ 010773PCT/ J /.0612 (the _arrow y' in Fl 1 is..n the plane
ol ucHTBPTIRE Ut OAT R iaslike pBISEE 45 peh 1 EFOAAD. aBddRalieres SH5t
i ght conversion. elenments 12Atl, 12At2 (and the optical_ axis of the opt{ical
pat h) faghlata faging mgﬂﬁ dy¢rgent ilai}téow—)rswp ?lﬁ@%t%f«%ﬂ a@fiWeémﬁm is
a direction perpendicular to the drawing. The optical deflector 13 is

confi gﬁapedﬁttg faging thessespmgd divergrnt: lhghk conyersiqns glemeninl Z2ht%ct i on) and to
rotate fast around the y' axis (main scan direction). The light beamis

def | edi%dd3by the optical deflector 13 to the deflection angle conversion

el ement 14At. [0122] The defl ection angle conversion el enment 14At is
made of a glNesnallieei(ak) wiftthe fafst £ec¢ \16td addxhst nb4le sécHbE4S 161536 =
1.51199, n445 = 1.519219. The defl ection angle conversion elenment 14At is a
| ens hsosi-pgraibgaini the satveplaaecaidiglcndsssactidn sf tHeaoptid4lt pathacombinedainit
optical deflector 13 and a second face 14tb facing the screen Sc (FIG 8
and el s®At aborgheivé shiheFplanedd. inThewédgsshhpee Miartes smphe’p edlthviwbdgde
center of curvature on the axis 14tc while the second face 14tb is aspheric
and 1 ofablkaRakt Yo QYEMREFE aTAET st RAdARdcOndHates TBE:, dtbatichoh @ fim
conversi on element 14 i's disposed so that the axis 14tc coincides with a
princi i : te : .50, I h, t he
St a1 onary B eRbetigcledile PRARARIOAE: °Tp id BRTHEUmBOHIh o 1€ it 2

o rodhe BR8 Hdeo 6ARGEs FeFRLYFXBE 9396 4 ki ROGYS BRI BING 14 ) D

rs
or t hogonal™ coor dina arro apoin

on the.axis.l4tc 1$ an,ord gi oint. a direction fromthe tical, deflector
73 to T Bffcifveleqiiniés 840 VT q, pf Bt SREdeBRe AGTe atiA DR L Heins 1o
the +z axis,is +y is, and a djrectio romthe front t e back of the
dr aw ﬁga%ﬂaltm%‘g@ﬁ%“% YOMPTE A 5§1V§xfé’sﬂggt Wt}h%aé’?{eﬁgéh c"lci*tbdn@a-"é nueh s
expressed in the above fornmula (1) in_the orthogonal cooordi nate system

wher e &cidanse apdedd $he b deguees. prd Aransmigiancp il %prmergire Vo f r om
the optical deflector 13 to the screen Sc is +z axis. The data on the first

and second faces are shown in the follow ng table 10. 49
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WD 2010/ 010773PCT/ JP2009/ 061271 Table 10 FIRST FACE 14ta SECOND FACE 14t h
r -3. 06897%h160107@80822 k 0 -1553036. 915 0 -7. 15587Er@a/m289061271

light with wavelength of 445 nm +10 nm/-5 nm at incidence angle of 46.5 £ 2.5
degrees, for example. The film of the second face 16tb has transmittance of 99%
' or more relative to light with wavelength of 640.nm + 10 nm at incidence angle of
43.5 £ 1.5 degrees, transmittance of 95% relative to light with wavelength of 530
nm + 5 nm at incidence angle of 46.5 + 1.5 degrees, and transmittance of 5%
relative to light with wa\felength of 445 nm +10nm/-5 nm at incidence angle of
46.5 £ 1.5 degrees. - The films of the first and second faces 16ta, 16tb are set to
transmit about 5% of amount of light beams with three wavelengths from the first
and second diver_geﬁt light conversion elements 12Atl, 1‘2At2 (to a later-described
ligl-lt: receiving element 71 in FIG. 17).
[0114]

The optical path combiner unit 16At is made of a glass material with
refractive indexes negso =1.514846, nszp = 1.519584, n4q5 = 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 16At which is perpendicular to
a plane including the optical axes 12tc, 12td (Y-Z plane {global axis) in FIGS. 17,
18). The center thickness of the optical path combiner unit 16At (between Q8
and Q9) is set to 1.1 mm.

[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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2. 14538E-04 C 0 -2.92748E-05 D 0 1.47948E-06 [0123] An i nci den
| ight beamis converted (enlarged) by the deflection angle conversion
el enent YO I0810773 i ght beamwith a | arger scan angl e Z¢FABRWPHEEY to t he

screenindiderd?ldfdfle 45 deghées, hendREtleated tRErebY to 4ROt FENE P44 CAJ. axhe
12t g of the second divergent |ight conversion elenent 12At2 is position

0. 37
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e L) {1gter deABlibRaY S nl, (Ochs 19nd 76 (AL g dLARARDI 187 UL el Ohbeg
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t

ed

e
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Second o intbst A2a G qmblife S Tus Fhe WA SIEL o FOSK Hihisl hefes'

secon

t he
t he

f

Z is .di i ) 0125 . Th i b t he- j nt
SRt S8 AR G hnamits ot fe bRECEL AR CoBLipT PR o
AEErdgsen

m rror, portion I’L3c i.S se é .2.5 mMm .The _di stance between the center
%F gkﬁ L I§M[e Y

posi t i GAValdftos

AR ShemERE 7 hoi nt QL2 of the first f

l4ta O[f()ltlg]e defl ecti on angle conversion elenment 14 is set to 3.0 mm 50

The light beam from the blue LD chip 11tb is coupled by the first divergent
light conversion element 12Atl to linearly polarized divergent light, incident on
the fifst face 16ta and reflected by the second face 16tb to the first face 16ta again,
and coméined 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 ftravels to the
later-deséribed 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 o 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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WD 2010/ 010773PCT/ JP2009/ 061271 [ 0126] As shown in FIG 17, the

opti cal weeanommizts 10At conprises a |ight receivi ng el exgantr200d/0927ch out put s
a receptj.on _sj. to e contr.al t 20 Fl G n_a hkevel in_ accordance
o i B bRl bedR SO e ridBlian & By flng el hE B PR,
16At ou % qf .t he anou bea th the t e wavel engt hs
trans f’t eg ﬂ‘éf’ abﬁﬁ‘lﬂ {'ei gﬁ’[e %EFmrnanghgnﬁﬂ?n% i° E ﬁ\ S FBEEYTE o
that its I|g¥ rece|V|29%ffacere eives the |ight begmref gted by .or
transf Hivsghta B mm angy es%%ﬁath%r&e cpéRcides ayitn dhe @pyds ghitheal
path conbi ner unit 16At. [0127] t he optical scan unlt 10At, the
cont r BPtiga pat@o(r(rmc@alssa}taﬁttla%pgm(bﬂ@@%wm bsgat) ol 1 he gReHBre glamenien? f or
the first and second |ight sources Il Atl, Il At2 to adjust the anount of

| i ght cemipreeentt egusterin 06 fansr dere terlightethcidoninon us Pagtioh@ther éhan dhe
signal fromthe light receiving element 71. Accordingly, the optical scan
uni t- fiiftorgaortibar 13 ayeddcle alar caumagésgmdahomtofacazllmangmgerqu;ahtght ness or

col or bal ance due to a change in anbient tenperature or the like. Also, the
ot her [@Id0jdi ments can adopt the feedback control using the |ight receiving
element 71 and attain the same effects as those of the present enbodi nent.
[ 0128] The THScptlesdl 7Cagorwiirged Oplrdldel Ay nbédies Saith effeecihieas
those of the optical scan unit 10A in the second enbodi nent. Additionally,

It UsQmvaldhpthé Yo ladssfotHBl-Plede@érh iR d dikelofld Wfﬁ Sﬁﬁilﬂfeescﬁké\ﬁ ISevith F1G.

i ncorporates the red and blue LD chips Ilta, I'ltb in a single package,

there@yag@vmfgfénghags 9RLEE AL rﬁog%s% dtetiag ﬁg&oﬁrefrﬁgﬂﬁe pin%le%éoﬁ [Lhird

Embodi ment] An image projector 1B according to the third e ddi nent

s descrigiod yAh- V913330 GIOT/IPERL ARROOMBSARLL (SLOFIRENIAF Girs?. The

i mage projecto CoNpri ses & I'onal “function or m et '¢ol

St ook B et PRoRbPafCkmertaf 3k Wehde 1 ?@%"%ﬂ R ™

proje r.ef ore, me. functj,ons o] nts thereaf e

61 vondeHectians Niieh S bl asaRiTly WaTHiivote Res ot DRV BTert BBrans Bt t ed.
[ 0130 . The i page.proj.ec 1B inclu cont ni 3 whi ch

i ncl uld”ég %Vﬁﬁﬁaéasr%%gEh%élrah?acezg%|1ﬁrégg§%?ﬁ@é@swﬁ§ éf%eft‘fge is§caBdi t i on
to the optical deflect or _control unit 21 and the |ight em ssion anmount

cont r ceudPP 2 3.3 rmsr-def heothipkpess of Goodoswndendr/ & Ae Her eaticat axipe

i mage processing unit 26 corrects image data G (i, j) based on an origina

i mgedstiegtian (28tweeriQktand @how tire axis d0¢ tof2be ﬁrﬁd angt greoadt fases Gilaect ed
image data G (i, j) to the optical. deflector control unit 21 and the |ight
em ssi76h mapemivajghtis @.0 umint.  2Phe Bycuhdensrdfeisddisposat sechabthe akis §0abl e
to correct degradation of a color inage on the screen Sc due to optical
char acbardidés edttothd bptiopt atidl oty einigleopsical pati (dmiter of thbepdnieg gént

i ght conversion elenment 12a, 12b, 12c and defl ection angle conversion

el eneglie hperrand slemensRgd clies aohesinetli Hehf Yot aptdicedtedefol €es epticdl for
exanpl e). [0131]

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 13¢ is on the optical axis of the single optical path, the normal

line of the mirror portion 13c¢ in the stationary state makes a 30 degree angle with

the optical axis of the optical path (incidenée angle = 30 degrees), and the y’ axis
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Types of image correction are described in the follow ng. (Deformation

Correction) FIG 10 shows a deforned i mage and a corrected i nage on

t he _sereWp:’Sd:Q/OlDWSFI G 10 a rectangle 231 is properly PETFEYONASIATA on t he

origi ;@iae afRAE 1S i th&hégzéﬁb irﬂﬂu&ﬁfgeﬁﬂ: §(§t1¥\£!l' 4?1 IRCHARPLE 1RS2 i S
due to the opt| ca

def or syst The deformed rectangul ar

i
ggghll E%fﬁ[arne%lﬁé?ﬁmhddel%;g?%engqi@}%ﬂrﬁee%Z%%gi E{Hri%ﬁg g?nnelggt%\ggﬁg the Q)%lt cbi
2010/ 01077 JP 061271 RO I K} t?i 31
to corPagts %’&pilé:fl T%l% " %@9 gtg B I R84 6#&&@%%&1%?

ge on 't screen 1 n accor nce wt

det or aFTRY 1ovls %ﬁgwﬁﬁaﬁ%&g et e @&wﬁl@réi‘fﬁ%‘éiﬁfd&@ﬁﬂ% 13,

the opti cal deflect or co unit 21. Thergef t he Il%tln e%mﬁy on armunt
Cont g6 GEEA 19 8 Yarg AFOuibRts 3 | BHE GHPLSPafics to, fefah
the 1i.ght sources 1]la, 11, 1llc in accordance vmth he anpl i tude of the

opt i caiastiaround she Y3 axisdmaigracangliredionk e Ebﬁﬂ%@ﬂf@ambs dnflectedghy the an
intensity based on the angle of the optical deflector 13 and image data G
(i, j)optical ¢ifkedtofil3 fo)therddfdectionangleaconwiesign elamentsidped in a

not - shown nmenory which shows a rel ati on between the angle of the optical
def | ecff0d22]13 and the spot position (i, j). Further, a transformation
function which transforns the defornmed rectangle 232 into a proper
rectangl e 23Lthé¢ geflegtioheshgdls cadivensiont elebreansf4Amis megle dfihagl@ss imatgyial nt o

image data G (i, j). The light em ssion control over the |ight sources are
per f or etk réfras 0 dadegeirghy=t NeSOPRI AL hoR of1 5heo9phi.cak- def19aor TRet o
formthe transforned inage data G (i, j) on the screen Sc. Wen the

def or ngde| £ Q56 RN e 2 vietsivl! ERGASH wAm@,nal1@astmlﬁg1§ i fivd ipdvig 9hdt he

| i ght sources, a portion of the deformed rectangle 23 side the

rectangl. (fu%@sl al HrdtOfack! izzyf? ﬁ%ﬁﬁ%ﬁ#%&ﬁreﬁ Mrddbs 13 Bhey @&@&n@@wtm%

light on 't rectangl e IS S than the deformed rectangle
A f
o SR RS (RIS U GR ROERR ot sy ©

deforned rec e.232 i_nt |nthe amunt I n
Che T Rt R e et oF Rl pRCHRTRIE 1, WhiBl e REdaY fage 14

i rage Ssi roces uni 6 cor cts oL naI

si ggal 152%@6‘&&4@“’%&”3%'0 ?Sgﬁ ?P’é‘ilt%‘? a§bsn ﬂ‘] dfﬁleghant% Fi ght
em ssion anount control wunit 22 ontrol the Li gt sSour ces 118}? 11h, 11

and t heOYRIBEN cleangnictdis disnosed Fothathe it d Ee&omqlgﬁwlt ﬁa@rénglipg"im
23. This enabl es generation of good 53 WD 20101010773PCT/ JP2009/ 061271

i magesrad oh therlight beam daflentpdtivothomirry Bestéam 18¢. in theyptatinngsy state.

Def ormati on Correction) 10134]
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 and orthogonal to z and y axes is +x axis. The
second face 14tb is expressed in the above formula (1) in the orthogonal
coordinate system where a point Q13 on the axis l4tc 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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The i mage deformati on may occur due to other factors. For exanple, when the
i mage PR 61'&)!6?07%3 and the screen Sc are relatively i ng;i86ud0@18aCch ot her,
a prohggte color image may include a trapezoidal defornmation on the screen
Sc. THé Be processing unit 26 or a not-shown equival ent processing unit
can correct the trapezoidal deformation in the same manner as the
above-descri by fqr ,0N.och Japanese Unexam ned Pat ent

Appl i dation p‘f'l*jﬁgﬁﬂcgﬁf%% SE RPN BACE 1Atk o RD 5006 25410y dt sorose. &
technijque, tojcorrect_4 ipgpegoi dal def qyoapsli on by setting an optical system
to tedlizealpredetermnedlcorrection-angunt therefor. However, since the

trapegoi dal def ornmati on i spfcause@s5By36. besiposi ti onal rel ation between the
i mge rprojectror—iB—eant—thetsereen—Se—thq anount and direction (relation
bet wegn tAp $i de and bott oin si de)) 16884ERB4|def or mation wil | be changed

accordrng_tojthe positional refatiom of ~tthe two. In particular, a change in
t he anou and direction d the Zdfoi8kabHon is conspi cuous in projection
with @ nobiT¢ device 1ncor orat_lrz; I”ﬁb’ i"age projector 1B. Wth the above
taken ji nt*0 consi derati on, tlhe i 8& P ctor 1B according to the third
enbodijne i$ configured tg be abl -aflj ust the anount of trapezoi dal

def orn tﬂ%n orrectiaon mjté theqr#g%gﬁpgﬁcessing unit 26 or an equival ent
processing unit. For exanple, it can be configured to allow a user to
adjusioiaﬁkcorrection anount through a manipulation to a jog dial or

but t ons le viewnng a projected inage. In this case, it is possible for
t he i nage proj : . j e rLec I j C i t he
2 ust od cofe iy arn o bt BghSR oBg oLl iyl A ol RC S EAPEIGE 8
trapezoi dal .def ormatj on .and ch jng the,transfornation.fungtion qr .54
2010/ GoBYeEsH F IR0l BTy 8 BB PRERCHUL 4 [ATEEEFCRR CORIR ARG 5O siaed 1o
correction anmpunt. Thus, the inage projector 1B can formcolor inmages wth
very Ihe FF%e8e¥%r mati on. (Correction of Unevenness in Brightness) [0136]
In the inmage projector 1B, the mrror portion 13c of the optical deflector
13 isl9i®Bthted sinusoidally for forming spots S, so that the scan angle a
(deflection angle()) of a light beamvaries sinusoidally relative to tine.
For this relséie opticabsean yptleliOAs thesepidealaxisdidgiaf thgessacond HYPERBH t he
scan angle a (deflection angle 0) being zero, and the | arger the scan angle
a (deflighttcioomezsigh @l@nent h2A42 dswpositiensicdd 7spoedway f$hm/\§9hei poift @ aBa4C,
That is, an integrated anmount of |ight per pixel differs depending on the
scan aegter &f tHenfisstafagienpta qff thiecopiioal pathneombiderauiit gitA thathealiaxgsa
certain |l evel of lumnance, an area of the projection plane which is
scannddretion $pRIYal Se@iR, afighe thewWfirkt Niphiaskurbee 1A td soredhle optiegl aiatt
anmount of |ight per pixel since the |light beam passes therethrough at a

hi gh seaibineeadit 16AE QA fiAstxitadptadAaas df@emsiRleeLD OipPl Bibg. WTHhek B
scanned at a |arge scan angle a will be bright due to a relatively large

I nt egrat t | ipen 1 %l thai | o piint

ther oEn DGR BT erfisel A R0 RELLES B 1S! ST it Wl ARSI PERIRReth 230

proj e , i i.hi:cat i f My Tpe e
inage%%g%fégkggg%gﬁg2%%%q?ﬁgg%gggfgﬁﬁagggﬁogégggg?ﬁhgﬁéggyg?ﬁ ranggogﬁd an
i nmpro .eyennegss .in.intensity of the Iight beam However, further
corre\éf?hrb\{l?%éﬁi%ﬁo% ecftleov%nness | eads to inproving quality of a projected
coIor&h . The unevenness in brightness distribution is correctable by
the i gzggrocessing unit 26 or a not-shown equival ent processing unit

whi ch adj us em ssion anmounts of the |jght saurces 1 , b, .11c. For
this pur poséw,%etqiétqnﬁﬁgé"tméeé@i PG AR H thtéf‘ mirsedage éioie?tlé}%f?‘f%le(“is, i)
of a spot fromthe mrror position signal M (the_ angle of the mrror

porti JrDQ amd jthe rgneesnpesition haT afgthe BdUPEPrtionsE3c wpset to 2.5 mm. The
2010/ 010773PCVP2009n61271 emt |ight beanms with intensity corrected in
accor dastesceibetwebe the asintpoposition (3£ gf) theTmérrosrpasétanoh3 ofandntheepAts in
bri ghtness is done so that the |ight sources are controlled to emt [|ight
t o t h@lzoifpherfyrsvifacs lidtagd thiet defiectédmangdd yohversion ebsneyt df isrsed to
relatively short emission tine while they are controlled to emt light to
the canbeimof an image with a relatively high intensity or in a relatively
|l ong em ssion time. The light intensity at the pixel (i, j) is correctable
by referring to a | ookup table stored in a not-shown nenory and showi ng a
relation between the pixel position (kg j) and correction amounts
(corrected light intensity). Also, the light intensity can be corrected by
a function for the pixel (i, j) and the




_ correction amounts. Accordingly, the inage projector 1B can forminmages

with very little unevenness in the brightness. (Deformation Correction 2) _
[0138] WO2010/8878escri bed above, a deformati on occursPCAJR280€1271 mage due
to a { se in the scan speed along with an increase in the scan angle a
(deflection angle 0). Such an inmage deformation is correctable in the sane

manner as ! hgs SRONR-HAG. e dnd Y 'deal Yt gggé:c%iggsﬁ&ﬁm 2gc4Qhfg 26

or a not-shown equival ent processing unit e i-nagé pr o] &ctor

1B f [ i i .e_dj. i i 0139
The' 1 nesentol oot thitpfY ¥ geekblSariinhRL b te Somteluiit AE TGN iy
ed, 2, bl ith.diff t I t.hs ,f he |i ght 1 a,
10, (FeE R prsnEdanti il rhcmoval B gh OBy RO PRI et 0p0ras 32l
t ot defl.ecti Le O of the light int h I by th
ci gl CORPRAT B, K BoLgoutel oh o it o428 KD GIIFE BRethree
wavel engt hs of the conbined |ight, color aberration occurs and the

. gh .
converVaselsagthagresmitigd ¢ therpthyeueh; 1 1 de saghiygeceiving element 71 is
2010/ 010773PCT/ 3P2009/ 061271 dependi ng on the wavel ength, which nmay cause
col or dispesed isp thae itpdight Jereiving feserecgiveshthe dight; r¢fested by, of ) on
the screen Sc. [0140] Amount of such col or shifts can be obtai ned by
measurtragsmitteib shgmigly ther fiestcandf sedmmdrvfaceendiths 16tk dof dheeoptibdlu@pth so
that the color shifts can be corrected by correcting the spot positions S
of thecdmbhterbadtd6BAtom the |ight sources 1la, 11b, 1l1c. Thus, the inmage
processing unit 26 or an equival ent processing unit controls the |ight
sourcefi®7 a, lib, 1lc to emt light beanms at timing in accordance wth
the noving of - the mrror portion 13c of the optical deflector 13. For

exanpl e, then FRGCHPHiOACSEAMTJusii 104G, Cihe dhudl 8IS 2VONFIG MY c8htdole
| ight sources | 1 a, |ib, 1lc independently according to shift "amunts of

the spQbe®Osilt LORGoNOthe BAVENHESOFSY the FISH SRY scbHRIT S 1RUES 99'A%4,
shifts can be forned on the screen Sc. [0141]
11At2 to adjust the amount of light emitted therefrom to a predetermined amount
using thé 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 11At]l 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
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Furt her, such color shifts nmay occur due to various factors of the |ight
sour ceswo d@eniors 11lc and the optical path conbi ner waitrpisnosseii as

assenbling erro ng caonditioning.eryor,odiffer.enc i y-part .
conpoWéJﬁ{‘glctehté’r g!)(? 61'an %%3989958 8{?r01 BesmpLsts gﬁoardaégs Bﬁgg‘?ﬂ;ﬁq“’c‘h fhae.
Therefore, it is preferable that the correctjion,gmunt for the color shits
s chaTgoRSHEr FRIRT RS Pt TR, IPYAEE, REQJECHTod B aF iy iRk oothes Fedond
equi val ent  processing unit. Fqor_exanple, with provision of a corregtjon
oper a@lp&ﬁdtmﬁﬁt-(nﬁlessa’amwe phdbe dmage: Prdectos B 18 4Ae semgypaidhalyo ﬁﬁe
accordance with an input fromthe correction operation unit. Accordingly,

t he iimage prejastonrl ABthensfowss theosame fhngdiong end \qamppopentscthegeed azp 7t .
(Fourth Enbodinent) [0142] Next, a head-up display device for a vehicle 30
i ncor gioreat thegs anhe numegc cm@mcbmimaﬂsé@%sgﬁp@i@m/ deroqu ippsjittedor
according to any one of the first to third enbodinents with reference to
FI G - i11.34]0143] The head-up display device 30 is provided inside a
vehicle, and mainly conprises a projector 31 and a wind shield 32 which
reflects |iphé imiaye phejepta) ¢Bt diiclddes [ lebdltrol unit 2TBewhicl) datlmdeslans any
one of the inmage projectors according to the first and third enbodi nents,
and pIRhes tsrodBsdinBoeni@Nt® (@mRAEEdRoRERIAG PRSLIt) O hddithen apt ikalopeixhd
direction. The projector 31 is disposed so that its optical axis (em ssion

direchifBedk doerdli @it zsloéﬁd:?neli]igg’i eldi@sidndith oBat c6RfroM&ni©22 1Cnictder

directed to the wnd shield 32 and the wind shield 32 reflects light in a

direct] Spgtaegt taggﬂl?&’%ﬂaa%fe &n 9hE VS%E‘?gi?’ Scl Qi'léﬁ%xgﬁe Wgroce-gggqgl"iuﬁﬁ 6@k b3

wi t hout *coati ng”has refl ect ance of abolt™ a as a glrass surface
reflectance _t.o be. alle t flect |] 0 t ' ' { nce
¢ 1 nehGREGek® T Bk SR Bl Up R SR LR AT Y SRl TEE
i ght squ 1 lla to,11c) and ,shows an.inpsove ef] ectance, , the

pr Oj eﬁ?ﬁriéﬁ'ad’éng}lé?l?#i%g‘é%”ﬁﬂeﬁ 1B%es ‘falt?‘lﬁi ghnﬁe&)ofdl? he f(iaghf%efgeocﬁ%e.
For inprovjng,t reflectance,. the partial reflect.i face 32a can jnclude
2L i ROMEPLIAI 1 Tang e df Qi cinissiin PRaa) soGroIekt ke 161 BB AERRS 43 vapor
deposition. Alternatively, the partial reflective face 32a can irécl de a
mi cr o§eFEetiaRe i electoncoraeslodegradplioat p fglar imags ot $FER1%HES and
inprinting the area by a known technique. In addition, the microstructure
can bte gpfisel chatanterigtics of the| aptigalt pro] eptiem siystary (thesq ef ghefddyvengeatt o
configure the partial reflective face 32a to efficiently reflect onli/ a

| i ght ligbticonietsien spaoeni t2aahdd, d2gtand dsflectianlanghtennversion giamewiurde i s
a laser or an LED emtting a nonochronme |ight beamin a relatively small

bandwanldt lsca\®p2ed @haia7e8 AT /oTRRO Gt Gl 2Tl eaasor 131 ler ebampiednbodi ments. Thi s
can enhance contrast and visibility of

[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 rectanguiar 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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projected images. Further, by use of a laser for the light source, it is
able to increase the freedom of designing the |ayers and m crostructure

Wi th t heWORMHIIEBI on sel ective characteristic. The paPCIdP2008Méidetive face
32a cae i‘rﬁfﬁpﬂﬁfﬁﬂzﬁetpdihﬂ% {HeardoThhglen® P rcRueittBNgrdjett acdolar i@l dypam
fromthe light source 11 to the eyes of the driver 337in a driver seat.

[ 0146}the screen THGcRBFddrle WolH 8Figii#1 [RGB 328nd1s 29 0Vvided tHbngQitﬁm“sleC' e
so that the above layers or the mcrostructure can be protected fromw nd
or frigti i i j ' : . Vidi: t{ia0

pr e"venfﬁ it‘:vge)injltgllystje?1 rgnn@%%gh g%‘tgde\r%)?gfé% %ﬁﬁ{lﬁﬁﬁwnrf;ggh%i gﬁ Helgln%ae%lrt(r%gs}soﬁgﬁﬁrg
posi ti i i ma j 0ssi bl.e.t o _suppress
For | ecttstel bEInE PR SERLERY LGBl RntB 1M Blerchol0 e b PRHRRE "2

orfmati on of “ove
i |t f j~ected i 0147 . .By drivi th | ect
5P 2 i et BRSBTS 1 boRE! rs prriesil it 334 ambh b '
fl id .t by t h i tl f th the dri 33. At thj
. The fightaputortgbia s 1gr Hodogprdaioe: Vam the Amelids oftiher aptsal The

driver, 33 sees_a projected i mage by the partial reflective face 32a as the
vi rt udletierige 197 . Theilight sources arcconfiptled dpissaitidaht abar intnsitsbased
exanpl e the head-up_ display device 30 (FIG 11) which reflects a |ight beam
from tdfethy epela of the apticdedgfiecton| 13 enfdeaimigredate & 24 )t pmakek (i, dd,
image on the front of the windshield as a virtual projection plane.

Howev eeferring fr edenk-umvahiei vorédimatndti-stidven memenye which abboiwgua atiatinn The
head- up display device can be configured in any nanner as long as it

i ncor petaken thbanghagé the opechbdeflectord] hgntiahanpoopesitfon (g j§.i r Furtherf hird
enbodi nents. -For exanple, it can be configured that the projector 31 WO

2010/ Gil @rah3 RETTh P2 O 6ibA7 WHItR) @ 8h Sforthsl ) @e@frme® Gle@Bihdls CZERNnES )a
provi ded above an instrunment panel (dashboard), and the driver 33 sees the

proj egirg@et #BE@ENYIA28 NgsRAuiAld LhueshEd o ftAlRTSAR inldpd Rh& Gaﬁ?’j% dnto
virtual i1rmage of the imge projected on the screen is seen at the tront of

the Wintheshiuslel G2 ARPt Dahotagpl EmiiphtoBol TGS b dIACkhNdOLAPt o

on the partial refléctiv ace 32a o e wnd shie
Furth ' . ' . Yol ' : e
proj caroiied B AECMnkE Wil (KE e BRI M8 PR UeAELF T8 fertEihe ¢,
enbodi I jtio the .\nma rojector ageordi,ng . te any one of,.the
Frret aiakiad e urhla’ (6 ab TP BEISERRY ) °EReD R obfordiy S0afiad 10
proje . 1C according to the fifth enbodi nent_ i.s described with reference
ok 3 is o ECiRyn St dpiog wie SFeiieh OB L0 U NERT PRvERSS, B BTG The
i nci depce, angl e, c se ification of the first emhodi nent). of |ight on
the mit Fdiﬁ?ﬁl?m# 5%‘38%@@5(3?%%1 sdhg regtin ?lzéétlﬁrné’tdﬁ“ﬁf@aferf’ageBﬁP%‘Féctor
1C is basjcally the sane as that of the inmage projector |Ain the second
enbodidfetis. dategrated rranawme of oligbhetit sthenacqtansle @3d as esmallen thas thene
nuneric codes and a detailed descri B;i on thereon is omtted. Note that FIG
23 onidedoxnedirsgtangde @3 r oAcgeidingty, (thenligbt sanrce 203pnimleadnto sakie aof
sinplicity. [0151]

increased amount of light to form the rectangie 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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The i mage projector 1C includes an optical scan unit 10C which conprises a

beam sphid ig60fhPand a focus | ens 51 between the opti galradefobeeher 13 and
t he defl ection angl onversion elenent 14. In the optical scan unit 10C,
the | BAESS Bt ¥R fifle derarmation om (S EFFS &F- di ver gent 1 ght wi th a

cent er_wavel e&géget%f 640 nm the light source Ilb emts that with a center
wavel ENFPSze} Fnagied CAEeCHgRY source 11c enmits that with a center
wavel engt-h of 450 nm The divergent WD 2010/010773PCT/JP2009/061271 |ights
are cﬁhﬂ'ﬁ_g lted into substantially parallel lights by the divergent |ight
conversion elenents 12a, 12b, 12c, respectively, and they transmt through
t he opti cal Thatimagenidiefermation gnapaocadb duadtarosher faetosst t Hor rexameple,
splitter 50. [0152] The beam splitter 50 is conprised of a prism

i ncl udiheg thepolagei prajécinr 4 BpandithoscieenS G midtiaehhasdinsidaioec5h, othiee,

pol ari zation separation film50a works for polarization separation and is
set ta prejdéated dober imagaryy potladezedrapazaidsl défoyhiation dh thhesceent &c.
wavel engt hs of 640, 530, 450 nmfromthe optical path conbiner units 16a,
16b. The nhage ploatssihg tRAE26fof apndBShevh Nl ealle@t NloRetdi@gPOhRT EaARt | ON
separation of the polarization separation film50a. The prismof the beam
spl i tEgfreeP the (FRSS0MaladBfAnmatith Ghi @e VAhB Aalheh akefheaghs Ve deBo8Yed
therefore, it all'ows a |ight beam defl ected by the optical deflector 13 to
be i ngLeglatfin. @ constant angle onto the polarization separation film 50a.
[0153Ii I'n the fifth enbodi nent, a glass material SF11 nmanufactured
by SCE@'I"I}D-_']AG (refractive indexes 11640 = 1.777781, 11530 = 1.795226, n450 =
1.819 ~lis used for the prismof the beamsplitter 50. The beam splitter

50 incl uding the se pl.at i.s,for.med i cube Wit h.side The
pol ari zat i O%P?gﬁ&?iﬁ}e %IIPF&P%%%M %PPI‘I(?FIIH&I}) %ll%gloﬁmg?eggbgéﬁaﬁ%aﬁ t he
phase_ pl a it,.hgs the sanme. refractive jndex as,that .of the beam
Oors e NG 3062 T3 2L ki g i oIS 8 pisict dFamesdiatlo Sh T 9SR |
separation film50a reflects linearly pol arize arall.el light fromthe
opt i cBFHHRE AR CRRITA oY SiFt 0 Te12e) gpPTadeteraning ¢ PRACEEPR AR HhaTRter-

per pendi cul ar [ine of the phase plate 52. The parallel light reflected by

t he pbloxyevest istrres Hpnteapcanidal | dafopmasion ivsaused®y heopesitianadrehdioni zed
light by the phase plate 52. In the traveling direction of the converted
par al betwwrgﬁgetimagm@ngjﬂcéws 18] angd phovicdeen $@1thg agtounpand direction
2010/ 010773PCT/ 3P2009/ 061271 The Il ens face of the focus |lens 51 has
an asfiedation Shedpeerxiopesisiedard bohten aide) af(the deformationr willembetianged and
center thickness thereof is 1.8 nm The focus |lens 51 nakes the circular
pol ar azestdpag abol tHe bbgitionabteldthen wff ehd awopol hr ipaedicwlany ergeigel irghhe The
optical deflector 13 is provided in the traveling direction of the circular
pol ar h#RGhnE OMVE desitidn AT the dedsAmbtion§ oF Wonspitucul. infhgofdotivll avith a

pol ari zed convergent light is deflected by the mrror portion 13c rotating

in a HAAR ﬁ&ﬁid&eﬁxc%?gbﬁaﬂng]ﬁ?e ifRabe ﬂr@?&&%ﬂtlﬁ’ﬁ tWieh ftae U ohvenakeh aeai N,
and incident on the phase plate 52 and the beam splitter 50. Through the

Phas cohridon! i SHEEH BroPOUBE| AU COMRRGCNY hEOD: SpABRNBRLRI Ao
the |i i I i t I i j :

(ne ¥ LBRRRLIof 0 35,6, Rnalls L. oRburieh SRl R 0P C2leon

P o9 5 PR AL R R AL P e T B Sl LBt ©
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is + Z-axis direction. The center thickness thereof is 2 mm Ch2 EC.ix" y"
j =cpgen it i) possihier fgnthe image prajecSuRIB to(prejkgtc2 ¢hrr¢gled mage yp

accordance with the adjusted correction amount by storing a transformation

function for trapezoidal deformation and changing the transformation function or
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where SQRT(Q represents square root of Q z represents a sag of a plane
parallel to the Z axis, c represents paraxial curvature (c= 1/r where r is
curvat urWOr V8373 k is a conic constant, and ¢ is a E6&FPIEPBHR7IOf el f

(A = &defficddMB] tﬂ'&‘%offoﬁkééohﬁﬂg 8 ! Wi8Scrfon | Affoun®Ce Phas %ﬁé”ﬂnggg
optical deflector 13 62 WD 2010/010773PCT/JP2009/061271 and 'a secon ace

21D T 26id)Bctoh 3 Peaf' SR’ dJ18F inlebPNATR W AURIRM e Lhe TSt and

second faces 5la, 51b is shown i'n the folfow ng tab Al so, the

def | ec@megﬁggg)fg%y@éﬁegg igl$ggg{lf}g) includes a first face 14a facing the

beam splitter a secon on the opposite side. Data on the
first lf'm%sjecond faces 14a, 14b is shown in the following table 12. In the
tabl es" 11,712 "E-On"signifies 10. Table 11 FI RST FACE 51a SECOND FACE 51b

-19. - | C CONST. K
Y CURVATU-RE Imeui’cfnaég p%gfezc or ZB?ltﬁggsm%gSIr Cportlon c o& t)ne optical deflector

13_is vibrated sinusoidally for forming spots S, so that the scan angle o (deflection
_angle 8) of a light beam varies sinusoidally relative to time. For this reason, the
scan speed is fastest at zero in the time axis or the scan angle o (deflection angle
8) being zero, and the larger the scan angle o (deflection angle 8), the slower the
scan §peed as shown in FIGS.4B 4C. That is, an integrated amount of light per
pixel differs. depending on the scan angle a. In scanning a projection plane with
a light beam having a certain level of luminance, an area -of the projection plane
~ which is scanned at a small scan angle a-will be dark due to a small integrated
amount éf 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 o 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 2
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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j). The correction of unevenness in brightness is done so that the light sources
' ’a}'e controlled to emit light to the periphery of an image with a relatively low

intensity or in a relatively short emission time while they are controlled to emit

Iight. to the center of an image with a relatively high intensity or in a relatively
- long emission time. The light intensity at the pixel (i, j) is correctable by

referring to a lookup table stored in a not-shown memory and showing a relation
between the pixel position (i, j) and correction amounts (corrected light intensity).

Also, the light intensity can be corrected by a function for the pixel (i, j) and the

co;;g&_tion_amounts. Accordingly, the image projector 1B can form images with

vcfy li.t_tlé" unevenness in the brightness.

(Deformatioﬁ 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 0). 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 cbnﬁgured to combine three light beams
(red, green, blue) with different wavelengths from the light sources 1la, 11b, 1lc
into one, and deflect the light by the optical deflector 13 and convert the
deflection angle 0 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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~depending on the wavelength, which may cause color shifts in the spots S formed
:base_d on the same image data G (i, j) on the screen Sc.
~[0140]

Amount of such color shifts can be obtained by measuring or designing for
each of the wavelengths (red, green, blue), so that the color shifts can be corrected
‘byhcorrectinvg the spot positions S of the light beams from the light sources 11la,

~11b, 1le.  Thus, tﬁe image processing unit 26 or an équivalent processing unit
controls the light sources 11a, 11b, 11c to emit light beams at timing in accordance
with the moving of the mirror portion 13c of the optical deflector 13. For
example, the image processing unit 26 can adjust emission timing of the light
sources 1la, 1lb, 1lc¢ independently according to shift amounts of the spot
position;s‘ 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 1la, 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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projector according to any one of the first to third embodiments with reference to
FIG. 11.
[0143]

The head-up display device 30 is provided inside a vehicle, and mainly

comprises a projector 31 and a wind shield 32 which reflects light from the
- projector 31.

[0144]

| The projector 31 is any one of _the image projectors according to the first
and third embodiments, and projects an image onto a predetermine position in the
0pt_irc§1'l axis direction. The projector 31 is disposed so that its optical axis
(emissi.(_)n“direction of the light source 11 or the light sources lla to llc) is
directed to thé 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 (11a 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 apn LED emitting a monochrome light beam in a relatively small bandwidth
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‘as in the above-embodiments. This can enhance contrast and visibility of
projected images. Further, by use of a laser for the light source, it is able to

| qincr.ease the freedom of designing the layers and microstructure with the
polarization selective characteristic. The partial réﬂective face 32a can have
ambient light transmit therethrough and reflect a light beém from the light source
Ilvto the eyes of the driver 33 in a driver seat.

_ [0146]

The partial reflective face 32a is provided inside a vehicle so that the
above layers or the microstructure can be protected from wind or friction with
wi—nd?S'_hieId wipers. Further, providing a reflection preventive layer on the outer
face of tﬂe 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 frdnt of the wind shield 32. The
driver 33 sces 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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1. 11484y 20180R3203E- 04 [ 0156] In the fifth eryadipasolesizyhe f ocus

| ens 51 .and defl ection angl e conversi@n,el enent 11) are_md to'f Iass1

et or PEOTCRIEy ARL\ES SPr A ST SRS, §C) iBYAEed, aRgTe o 1h s Emens psihe
1.519584, .n450 = 1, 525320). di st gnce bet n the he splitter .50,.and the
f ocus (HaipoosTah pithiie driveh ast s P Broiiele imeer e be diactal RECRGUTE | ens
51 and the_optical .deflector, 13 (mirror portion 13c), is 0.5 and t hat

bet weE#a Hdapedh T icater 2 SOHTIARY Iﬂ?&edéfltgﬁtlp%ﬁgeaﬁb‘?JS‘:@@n%r CoffT&FRidNt 14
iIs 1.5 mMm In view of downsizing the inmage projector, the divergent |ight
convepesit ethenfrent 1of they wiadnslupld rer g@(’élllﬁiuFﬁalﬁﬁlfbﬁ‘éftéﬁhtﬁiﬂylfﬁﬁgﬁ)ﬁed
close to each other. [0157] WO 2010/010773PCT/ JP2009/061271 An

opti cdirestiarproéctedd thespaiadrieblegtiverfaseniyar ¢Ethe wind shimdddR.i cal scan
-unit 10Cwith reference to FIG 24 which also omts show ng the control

uni t- p@142ontrol unit 203) for the sake of sinplicity. The optical scan
unit 10C is the sane as the optical scan unit 10C except that it does not

i ncl ude t heFhghermplé.t heco@ngnth tthe debicdackedibupedisplhe dexies Bénghél and
the deflection angle conversion elenent 14 is 2.2 nm This is to narrow the

spot Ehij%c&ﬁpffiqprciaﬁt BkYaiV iri9sd pridfediOaNIGPhéddraindGo i tf@lowing &ifthCti ve
face 500 having an equival ent pol arization separation to that of the

pol ar L zAlddPmeRERR A Q5N fth e 3RR g@ ol &G oPhResrding!d & Bhe LFRheRidstab Scan
unit 10C is provided.
thi;d;.e_mbo‘diments.
(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 ‘a 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.
f0151]
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 (-:enter 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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[ 0158] The optical scan units 10C, 10C in FIGS. 23, 24 are both
designed to focus a |ight beamat a position 205 mmaway fromthe second

face 14 WO 0HEVIGED| ection angl e conversion el ement 14. PEIGE20008@27D5B show
spot dijgeifsabe Ofo v ertd@ IS Mt&\fﬂﬁﬂll&hga@ﬂlélcai%]lﬁgf bectiy ditérgintt Nght
optical scan units 10C, 10C are rotated around the x axis at 5 degrees,

respecidmlryion Bldnts 12a hB,G Eb% rzgﬁecﬂm ORhidCHAleyS eamsHt thiffgH ¢has

s,
spots of the three colors (R at™ al m)sgr the same position while the

Op-ticarh?é rbéfﬁiclonjrgige{ if?l{ii‘ﬁé@ﬁﬁ%%&g@iﬁé&éﬁ% tReH hiégﬁl-itté%@fdi ngly,

f
t hef opti cal “scan unit 10C I ncluding t eamsplitter 5 correct color
aberrﬂitg' (33.‘ [ 0160] The defl ection angle conversion elenent 14 is a
| ens \}i na) negative power and refracts a |ight beam fromthe inclined

optical deflgctar 13 to. be di.vergent (emtted in a diregtion a .fromthe
obt1 cal axi Shie HeapiseliefG SheiERPATIGH, oFFE PrisBn OERIE e PTG FRER o
greatly.” Thi,s is caonspicyous. .in the optic sc unit 10C .. In contrast, in
the optePeEAtiaR AHim 02 38¢ 3 ﬁéﬁ%ﬁdpﬂﬁetﬁ% b?&ﬁ]g 4rﬁaé+°%6?1’%1ﬁ@°ﬁe§ﬂms§$mer
50 spliits an incident-]ight beamin accordance with WO _. .

2010/ 0YORs3 fer/ DEATSLivR] SeRatationsp8| dngial toydgflest ( they linegrky podasiaedn a
shorter wavel ength in a direction to approach the optical axis. 101 611

As desparabell Iy evithnheoprnten wavsdengins tof1 060 ¢ 4305 d§0crmchpsr thpeptigal on
since the characteristics of the beamsplitter 50 and the defl ection angle
converpatbneahbinart udids aréa, sEib.wi The phdist f pllagende made lnd 2 gllane /4 eplatedéx of

| ight beans with different wavel engths taken into account. [0162]

Wt h usdpothd helidamispl sépaantibf, of tthe spelaskdabiomn tepseitidrhdilimcifdencBhangl e
cp of light on the mrror portion 13c to zero in the optical scan unit 10C

so thaprish §RBhdShheeplitn S0agenslhf of rhklar shaterial With iankigle peRactige €.
[ 0163] - Next, an inmage projector 1Ct as a nodification of the inmage

proj ectext Phdfofd, fit Elmgilﬁtbéam desieict P 8y Whe o pieé Ar £e1téctbe 16! {6 beb.

In the image projector 1Ct a | ection angl e conversion elenent 14t5 is

conpr i ﬁl%@'dég}{t oy dJEébst'aﬁFlﬁﬁé}e( bRR tHE bEBraBRANE e IFRASh B )sopde of

di fferent ass materials"tromeach other. The 'structure of the imge
pr oj ec#oqrs?, Ct is basically the sanme as that of the imge projector ICin
the fifth enbodi mrent, so that the sane conponents and functions are given

(D, Sae Ui BO0E B AELE L, ARRFARSHTE IR ST Ap oL

sake O} Gl acH Y indexb2 Heso = 1777781, nsse = 1.795226, naso = 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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The defl ection angle conversion elenment 14t5 includes a first | ens 14A and
a secongyo aneoldts The first Iens 14A is made of a gl agsyab@fkt LaF2 by

{76203 . el B phind BEI Tt e %ﬁé’%@wfwﬁﬁe? SR T8 ng
Gt IR A A MRt M e SN
tkag' Ofgeus Lons 51 makes the ciroular polanized parallel [ight into the circular polarized
convergent light. The optical deflector 13 is provided in the traveling direction
of the circular polarized convergent light to face the focus lens 51. The circular
- poizirized convergent light is deflected by the mirror portion 13c rotating in a
predetermined angle-range to be incident on the focus lens 51 again, and incident
‘on the_, phase plate 52 and the beam splitter 50. Through the phase plate 12, the
circular polafized convergent light is converted into linearly polarized light with a
pha$§?90 degrees rotated relative to that of the linearly polarized parallel light
reflected by the polarization separation film 50a. Thereby, the incident
convergent light transmits through the polarization separation film 50a again.
The deflection angle conversion element 14 is provided in the traveling direction
o‘f 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.

ch? . 2
= E Cx"y", j=lm+n) +m+3n]/2+1
1+ SORT[ - (+ K] & J=1(m+m) ] @

W =x+ 57
where SQRT(Q) represents square root of Q, z represents a sag of a plane parallel
to the Z axis, ¢ represents paraxial curvature (¢= 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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The second lens 14B is nade of the above-nentioned glass materi al
SCHOTT A%0 20H¥18%8ond | ens 14B i ncl udes a spheri cal

the figrid a|ﬂ&%n&%carﬂ@fhoaﬁghﬁéi%a%?%@ﬁ@tefrawgﬁﬂﬂb I32¢ 329N thgafdd $he and
second faces are shown in the follow ng table

first and second faces Sla, 51b is shown in the following table 11. Also, the

4. TaBI e 14

deflection angle conversion element 14 includes a first face 14a facing the beam

splitter 50 and a second face 14b on the opposite side. Data on the first and

second faces 14a, 14b is shown in the following table 12.  In the tables 11, 12

~ “E-On”signifies 10™.

. Table 11
FIRST FACE 51a|SECOND FACE 51b
Y CURVATURE RADIUS -19.27821 -7.81898
CONIC CONSTANT (K)| - 0 0

Idth ORDER COEFFICIENT (A) -1.03837E-02 ~7.72978E-03]
fﬁth ORDER GOEFFICIENT (B) 2.60615E-02 1.89134E-03

lﬂth ORDER COEFFICIENT (C) ~-1.15980E-01 -2.83959E-03
10th ORDER COEFFCIENT (D) 1.78671E-01 1.06423E-03
Table 12
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FI RST FACE 148a SECOND FACE 148b r 55.69676 -2145130 k 0 O A 0 5.65731E-04

B 0 -1. 3%P10kbo{d67:C PCT/IP2009/061271
FIRST FACE 14a|SEGOND FACE 14b
Y CURVATURE RADIUS 2 61282 ~21.37601
c1 ~6.37139E-02  —6.32679E+01
c2 1.36565E-02  1.58637E-02
cs ~192926E-02  -3.26041E-02
lca —9.95052E-03  -4.88315E-02
C5 _877081E-04  —6.86162E-04
-Ic6 ~5.71051E-03  —4.48665E-02
C7 383616E-03  3.07467E-03
c8 196274E-03  2.32631E-03)
co - 0.95785E-05  ~1.75772E-04
c10 —856356E-04  1.95995E-04)
Cl1 561833603  2.15677E-03
c12 ~251097E-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
Ci6 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
neso= 1.514846, nsig= 1.519584, ngso = 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 14is 1.5
mm. In view of downsizing the image projector, the divefgent light conversion

element 12 and beam splitter 50 should be preferably disposed close to each other.

[0157]
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0 -1.68803E-07 D 0 2.42731E-09 [0166] In the image projector 1Ct,
optical data and sizes of the beamsplitter 50t5 and a focus |ens 51t5 are
di f f er enWOr208MW0W8se in the i mage projector 1C of the PCTIR28HBEATINeNt .

[0167] WD 20d @peitay Zé’%ﬁ?ﬁﬁﬁpﬁﬂ@‘gf@@é&}%ed for corifari Sawibh Itﬁé 8btie@! 3card

conprised of a cubic prismwth sides of nm made of the glasS materi al

SF11 %x?%@r%ﬁﬁr@{&eﬂc@@é‘%ﬁ@@i %vl:ﬁ@h%lw onit€ kA6 93nLithE O ATRR1 dhf Phase
plate 52t5 has refractive I ndexes of n640 = 1 51 11530= 1.520, n450=

gl i oo (cbfERFlynit 20 38%20{% o SRSofgiReity: T asphe ?é%@ﬁ%%%%@bﬁggyby t he
; ot ﬁ%é*#l g%i‘?%gpﬁs% i BHBF}&‘?E?%"%&E‘%F??%@ . nggqt ﬁ'@f the P PS5

and a ce 51th facin |tter . on the first and
acondt E8E e MistaRs ememgh?? 8 B i s FetRecrih Angfk tQ8version
" E- On"i gni fies,. 18]2 Tabl

- element 14 is mm. T 1s IS to narrow the spot size appropriately without the

_ beam splitter 50. Further, a refiective face 50b having an equivalent polarization
separation to that of the polarization separation film 50a and the phase plate 52 of
the optical scan unit 10C is provided.

[0158]

-Tile 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 Wh-en 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 conv.ersion 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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the wavelength, and emits a light beam with a shorter wavelength in a direction to
approach the optical axis.
[0161]

As de‘scribed above, the optical scan unit 10C can reduce color aberration

Since- the characteristics of the beam splitter 50 and the deflection angle
~ conversion element 14 are set with a difference in the refractive index of light
beams with different wavelengths taken into account.

10162]

With use of the beam splitter 50, it is possible to set the incidence angle ¢
of 1@gj&t on the mirror portion 13c to zero in the optical scan unit 10C so that it can
be ffeé _frdm 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, nsso= 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




7.04233E-05 1.91127E-03 D 2.00773E-05 -1.14693E-03 [0169] FIG 27A
shows a spot diagram on an i mage pl ane when the optical deflector 13 is in
t he ref eWOPOR/HOEBt i on (stationary position, rotation EZEFIB2089/0612Fnay angl e
= 0) iR thBoPRIvkind tabfaqzunit 10Ct, while FIG 27B shows the same when the
optical deflector 13 is rotated at 15 degrees (sway angle = 15 degrees)
aroundrgyie 1@f the axes. [0170] In FIG 27A spot positions of the R G B
colors are al nost coincident with 68 WD 2010/ 010773PCT/ 3P2009/ 061271 each
ot her ywhen—thegoptiecat—defteetor—1t3yis not rotated, and in FIG 27B they
are’ inl a very |EIRET FAGE &Aa D EAGEIdsgnt er of the inmage plane. As seen from
FI GS. RFA—2MT by tse—of—the—defi+eedi on angl e conversion el enent 14t5
conpri fed rof tlhe fir381Mdp sedd6850@nses 14A, 14B nade of different gl ass
mat er i gpHsTthgoptical——scpm umt—10¢t can reduce color aberration. It is
preferpbl& that a glass RApterial oioptical data of the first and second

| enses{14A—I4B are optinplty Sefected or set with the beamsplitter 50t5
or other dptidal 4@5@&851‘@ taken i nt® consideration. Further, although not
shown n1The drawi ng,_whep the opti¢al deflector 13 is rotated at 15
degreep (dRfldct |?€ﬁ7%8ﬂ:g‘loé 0 = 30 défjrees), the scan angle a of a |ight beam
havi ng{ passed throu’ah tbe defTectrop angle conversion elenent 14t5 is about
45 deg| ees? Adcordi 6?%/", %t is confdrnmed that the deflection angl e

conver ki on, el gment an have dejjl ecti on angl e converting (enlarging)
functipn. 9 si xthqé?ég@"?ﬂ’@nt] [0171]

[0165]

-The second lens 14B is made of the above-mentioned glass material SFi1
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 FAGE 14Ba | SECOND FACE 14Bb
r 5569676  —-21.45130|
k 0 0
A 0| 565731E-04
B 0| ~1.38671E-08|
C 0 -1.68803E-07
D 0| 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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A nobi | e phone 40 incorporating the image projector according to one of the

first tq.dediosnd fifth enbodi nents is descri bed mﬁth(ﬁg@gm@mggT;o Fl GS.
28A, 28B FI.G ,28 is a si i.ew of the bi | e, phone n a pla

cxarpi vV beem Sy ibbommiped hangonls 8w &ithsRBLahS i « ne
arrow A he mpbi | e phoaf 40 accordi ng t?@%he SIXt{§
enbod‘iﬂﬁéﬁtﬂf:éh?)rgls"% @aﬁﬂ{bﬁeslgdaybms HATT Ay sdidpn £ oPlater12t21in 4
cover portion 42 including a not-shown screen dlsplay and a shaft 43

r ot at deknessmidb5imgr-t hEhpirhse mbake HAtShas refsactivein iafhe4e = WdReugh
not* shown in the draw ngs, the nobile phone 40 has a folded (closed) state
in'mhnﬁh:ﬂhﬁﬂhhmne=bb6954l and the cover portion 42 are in parallel to each
ot her, and an open state in which the phone body 41 and the cover portion
42 arﬁﬂ&may fromeach other at a predeterm ned angle. [0173] WO

2010/ 010773PCT/ JP2009/ 061271 In the nobile phone 40, the cover
portion 42 T FelgsSleasFlapdetmadd 41 the abovs-menponsdglafs mhreriateBKE7 by

proj ector according to the present invention and projects inmges on a

predes eHOTE0A GOShd has drﬂa& rdPhEpE epr&ssedr e tho@Forhild NE) Pk €b€Hirst

enbodi ment, the projector is configured to project an inage 46 on a

pl aneedBo@fn ¥, ChThbG HBR hﬁcﬁﬁ@ﬂels‘lq 8 Bfnhe ?H@'To&ﬁﬁtléni tshes GAYRIdERO4 t i on

42 is perpend| cular to phone body 41) is placed. [0 The opti cal
b f t

11 & PE e PL Che i AR WP AICELAGRAP 13 lTa § é%‘ﬁf%ée b e T

f 2 t 45 t

the proiR sﬁ@t&?&%vé " i S PO R fr?%%’acéhdﬁ?%%st 'J%%;‘*%ﬂ;lrh??%%l?ﬁ%m? ’

pr oj 4 he et, as en above enbodi nents may have
trape'fi'??%lés d#omﬁﬁ%??ﬁ%%ﬁ’ig@ébgﬁ y "chai n doubl e-dashed line in FIG
28B) ecau‘sse the optical axis Lb is inclined to the plane 45. The

trape ablg

def ormati on can be corrected as follows. [0176] The
si ze of-the-npbile phone40 and-the position of the projector 44 in the
nobi | ¢ HRSTTFACR 9@ PSECONDIFRsEdiy [ Ther ef ore, a distance froma |i ght
emtti aYaYWis] e he-projector—44-(defl ecti on angl e conversion elenent in
t he al ) theg:{m@pﬁctl on plane or their positions can be

det er I ARG dr oj ect or node of the nobile phone 40 and
a posi obi | e phone 40 and the projection plane.
I n t hg—present—enrbodiren t-he—posttion of an inage to be projected on the
pl ane |45 As det e2.8i818 sédsw&-ﬁa di stance fromthe light emtting point
of thg—projector—44—toti ' , the incidence (projection) angle of
the opti cBl aii .56k td5824&PBjane 45, and the position of the phone
body 4f—omthe ptane—45; y, it WD 2010/ 010773PCT/ JP20091061271
is ablle t@ knpw 104234 an image i s deformed trapezoidally on
the pliane 45 retative toja pro rlect angul ar image 46. In the nobile phone
40 spqt pésit | onk0d{3& rrh%ﬁé)ﬁ? Qﬁlta are corrected to formthe proper
rectangul ar 1 mage 46 based on the original image signal. The deformation
corret:d'r@g in the nobile phone is perforned in the sane manner as in the
third e di mrent so that a detail ed description thereon is omtted.

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.

[06170]

In FIG. 27A spot positions of the R, G, B colors are almost coincident with
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[0177] In the projector node of the nobile phone 40, the phone body
41 is placed in a predeterm ned nanner (in the open state in the present
enbodi MEMOR010NIRITE] ect an i mage onto a desirabl e pl acePCHUENEY/¥HYT1 The

nobi | aRR8ef WHINOTHRCIftidd1dfTerRa6r 48 8MhdthdtedNandInaER B thdypare {n ght
beamfromthe |light source 11 (1la to 11c). By incorporating the inage

proj ecf QErﬁgﬁﬁﬁﬂhf%]heaﬁ iR PERSENYT {H ARLEOD1NAE Ch AGREedie FrioPk rPIGSQSﬁé;ange

i mage _proj‘ection, e nobil e phone 40 can project a |arge i mage on

I , ; ' ' ' is Amth

R A L L
bi | n : . _ . 40, it ¢

et o Meranad e RBy AT IR sty dinr BBt kS pRTialy e qufolf Fokn L 1

pl ane in the, optical axis. direc{i.on r_shoriest distance.fromthe

e e e Pajaiefréalqt%g'é)lsf%&iwﬁle shf hate ARt
on t N5 AFSBS 18! FRGAECONAIERtT T AddrSH AER PBRDANSEISeHE: RBBFT S1BhGHE 40
can provide a very useful projector function to _project, about A4 _size

i ragedesm spéiﬁteéxg%ﬂ er othere optical \whementy takenintegonpigleraion.  Further,
Further, the projector 44 of the nobile phone 40 can inprove visibility of

| ar ge adthsjuglt adt shewesini thet drawiagy vehass the gptisabdeflgcter 1 hdsiratatedati bh of
the optical axis direction Lb relative to the plane 4;& gq;flgémfgzause
with tdezregd (defledtion WigROG 100 GEE36EH), IP2 308N GRE2T &t afka dightr p duaving
inclined to the plane 45, the nobile phone 40 can be placed in a position
out si daas¥e@&whraigh tled deflettivh dingle wdinlverdibayelsarerm Iph6)iscibaditi4fadegredber eas
with the opti-cal axis direction Lb perpendicular or al nbst perpendicular to
t he protesddifglyplifnceordfiifn 6@ Rhatethie @R e do R a0gks cohevion eldmesis1 45 yarsi on.
[0179] I'n the nobil e phone 40 according to the sixth enbodi nent, the

phone }F%Rﬁydé'ﬂéét%zﬁ’|aﬁ%Féjc6ﬁ'vérl’t‘ﬁ1g0€§ﬂaﬁéiﬁE§f_fﬁﬁéti@ﬁ.oj ecting an image on the
pl ane 45, however, the present Tnhventionis not limted thereto as |ong as

t he pria; ' J can be perfornmed in a predeterm ned state for a
desi rﬁlgﬁ{)rﬁ%}%@%ﬁl | ane. The projection plane of the nobile phone does

not h 8 t? be the plane on which it is placed, and it can be a screen
hangi?pg?gr% the wall, for exanple. Also, in this case, it is possible to

project |argg si [ es,even in _a.very close proj I On. ran [ Q18
he escr i bedk eRpERgiPene 4 S0eoe Bt B ieaise BROICEhty RbyoraREs o e St
according.to the. pres jnventi.on, the defl.ection,angl e conv {on enent
as ndbECRTE R £BY dLith SbadiaiF te R oH DRRGrEN JP TS oREa D Rk 267,
defl ected by the optical deflegtor into a |larger scan angle. Accordingly,
even v¢&B. uﬁ:éG@fzsa‘Sr%‘éléllea‘ﬂP@’ Fl?%m‘\r}éllfﬁpgﬁﬁf'l O3 R Hé,%lof £Xpg Bé‘éh‘g‘? eto
wi dely scan with a |ight beamirrespective of the upper Ilimt of the
anpl i tKida 288 shevjscbe mabie phoreAl of FIG. ddA peemyéromdhgarrow A.  Furt her,
t he defl ection angle conversion elenent can be made of a single |lens so
that ifi0lY@fes easier to downsize the optical scan unit scanning at high
field of angle, contributing to downsizing the projector incorporating the
opti cal scarThsirtobi[0fB@ie #Q 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 portioh 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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WO 2010/ 010773PCT/ JP2009/ 061271 Further, the deflection angle

conver sia2@b@iEY can be conprised of plural |enses ngEagmhedsier ent

gl ass materj al,s. Thi. kes .i.t possible to reduce,col or aberratjon .af_ color
Pimges. Tor risitly meBile,PRgke 40y RS hter ottt SaehidR et airer g Sishoot o
whi ch, can form.i es in high quality wthouj color shifts. [0183]

The opt fEEPT igef Iogggﬁ HW%%HH#)‘F‘&%B%%"BH% tp itf‘g Pregsnidayentips rat“i]dcﬁ\‘] 03¢5t he
first deflector portion_integrated with each other. This enabl es downsi zi ng
of t hEnagRs enla peedeleryined pasitip in thowpsical pis Wdrestian.e Bpthe aresesdn
unit. [0184] Further, the optical deflector includes a mrror

por t i embpdimeab| hepprajpetori4sis gaatigureohdo dopjedtan ipegeidhenanglaneed S

i nci dence angle of a |light beam having passed through the divergent |ight

conveorsi vhieh ethentmeobkilat phen¢ 04@ horthal openestte t (thenicover particno? dsset
at 45 degrees or less. This can reduce image deformation due to the

magni pexfendicilae té phiotiertsmdyany) és pld2&d5] Further, the optical scan
unit includes the rotatable mrror portion and a beamsplitter so that it
can rpgiup col or aberration of color inmages formed by use of plural |ight

sources and generate i mages w t hout deformation due to the magnitude of the

incidence apgt @ptidafakil ARkY¥iioh!LE FerRRSPdP UBrelliol! OV1igRt 3PusdBBOE 0P YhRCt OF
whi ch fornms color images with high quality wi thout color shifts. [0I86]

Furt Nggurcgs coradidq 1y C}gﬁ%cﬁ%‘éﬁe{&%ﬂé%’ Bt ih%”%&déecﬂsagcg?ﬁ# figntsk 'cﬁ?éét?ﬂt hi s

angl e of the optical ector, t ar ger e scan angl e. "Because o
even W ths ] RO sl k I |4ict w it LS
possi o e gt §2h UedRe Robef pBHBRAR AMdc B e pIAFP S S B BbpET, |
of th% anpl i tude and project inmages in a very close range. Also, it is
possi ?e to maintain a constant scan speed in a longer tine so as to
corregiﬁéﬁage def ormati on and unevenness in 73 WO

2010/ 3PCT/ JP2009/ 061271 bri ght ness. [0187]

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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Further, according to the present invention, the divergent |ight conversion
el emrent and the deflection angle conversion el enent each include | ens faces
rotati onMAP1EYWHEBt ri c around the optical axis. This fRIVIPRAOABE12The

machi nisngbland ReSEM ¥dPindehBod MRICHESM ihiagltisCaiTvemedoRapbLstRRlIyasA thRe
defl ecti on angl e conversion el enent because manufacture error and assenbly

error C-‘I%l!aﬁee@‘ AR v oS prbPefrd RafABuléd! WEagd @éﬁShn,theaTPty)ﬁgr Hisie 4a%|ot

defl ection angl e conversion el ement can be a rotation nretric-lens

so th i:t- hel I i r I re.di rii
o of ot Aol Yiel Mt ha g8 dof AEL NOPRer O (8 ol bty Yep|dHgHTEy Hale
possi b | npr.ove | it f I:h po S .t he spot..size . and_ spot

ot enet € 72554 BBoeortittal e i85aP 0 rhe W ReBRIO R kaiRT it 6 uBE FPEE i on
angl e conver.si on_.el eraent j[ncl udes at |east .one a hgri C fﬁce. Becayse of
thi's, FHOREAS diftformed gy i same: mnner (85 18 e DNG caPORBRERERPIg t he
spot: s‘% ze, oaﬁLehe projection plane. [.0190] According to the present

i nvent$YAileg HiescHRLOthsTeeR &% omHEednor ati ng t he above downsized opti cal
scan unit can project-large inages with little deformation in a very close
range.[0%/7dan control the |ight enission tining or amount of the I|ight
source and project good inmages on a projection plane with little

trapezoi dal laetherpren¢cnr medepf $he mebilaphonadisrthe ghdane bedyHilnissplaved hout
a decrease in imge resolution. [0191] Further, according to the

pr esenin a pyedeterminedmanebr Cinetheceplen ptade splthy preseat partaidinerith ¢o poojeet
downsi zed-i nage projector can formlarge images in a 74 W

2010/ OahD) THiABETo w020 QRYsDab2d Dlues Y pldnes 4 5) anTheamd biffeophdge b grojergeshd t h
high visibility to a driver. 10192] Furt her, the downsized i mage

proj ecin@igeh 6 toerhegllhsié @ ShRRGrdinh gdics il Bdht GRsanP Sfo? thHe 1ixdit Gbase: 1 8NYEa to
projection so that it can be placed in various areas of a vehicle. [0193]

Accor di ng. t B hachfforatihgl e ﬁhhgeé%fggs?ﬂmbadc_%rm@n@o ItRE O RIEAE iiRGediSn

above inmage projector can projec arge inmages in a very cl ose range

‘l’J“:S;?g%F%%gf@%iePﬂ)rhpelo%iezﬁnthQMe prsleBriod! tfe AN AbnBheNo LS Rrbjeky tO
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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Al t hough the present invention has been described in terns of exenplary
enbodi n%%m;bioﬁ:ﬁ not limted thereto. It should be agAyRGHPlEE71 hat

e Zé%fsvaﬁef%%%fenﬁebpwc?w& qﬁrﬁe”ﬁgd'%%p%f 5B oo RRRBRBI L "

defi ned bythefollowln 1. An optical sca nit (10
Comr Pesiipn Matrige vioNFse Guls of visioh wWitlss th8hcaa Grastbe SrAge:

el enent (.12) having such positive power as to_convert gl ver gent Ilght from
the | MJrreadrish the ppticsl exepdirechom Lbirprpendicudanon aligest Barnendietlagt i on
pl ane (Sc); an optical deflector (h%S) defl ecti.ng I ight fromthe

di ver trethe prajectiooriene, the wpbiterphquey Oitdogks Viawerse Aields pEstision. and a
second scan direction which is orthogonal to the first scan direction;

a def [@ct9]on angl e conversion el enment (14) having such negative power as to
convert a deflection angle of the light deflected by the optical deflector
(13); and In the mdbilepphemd 4paickocdiny tverheedianke ointoidi penedtHzepheenbo bty

di vergent |ight conversion el enent and the deflection angle conversion

el enent is Wieded i1 the open stal€ foi Prdjes0Hp G insage dhiht plaseds, Rowecendhtaser
and a third laser with different wavel engths from each other; t he

opt i Caleddat IncORbAGE RItCBAted Sherets rastlont ke ahe Qﬁbjecﬁemﬁ@ﬁoﬁlmmaé
having a face to reflect light fromthe first |aser and a second opti cal

ath f i ;
Phe |}59{?3'n?x§gm‘%{1ﬁ Bredititiithd 'R6R lf6r! &1 UeSiabldfrolddibi laigconghbaser

aser is reflected by the first optical path

ComL f@eshsq%lanaﬁ]fb@ BELAZEh At BoLohal g%e%n&eem@g% CoRRER it is

e second laser 1sr

d, o t | th nb t ot th th I
oath BHt .hé%d S °aﬁ'cfrf‘=§%erfh§ﬂ§§}ﬁ of e W, e SRRl Eralie. a%eﬁﬁélfial
defl ector; t fromthe third | aser tran ts through the
T St ehsRy it I onersible L PTALATT Iobe SR TheBRb sEnat & LS E A pt R

rotation center of the optical deflector.
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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77 2. An optical scan unit (10) according to claim1, wherein the deflection
angl e conversion elenent (14) is made of a single lens. S. An optical scan
unit (10yoaewwnei’ag to claim 1, wherein the deflecti onPERJPIOYONIAr Si on

el ement (l4pyithefPqBe OfieMcBlibhabhdlé ebnVERISS dIRMBA Ohn dbd fSRptish 56
materials. 4. An optical scan unit (10) according to claim1l, wherein: the
optica f 3)¢ ) r fd 1 N
whi oh A e P A S et IS are] aPEreLafo F8s

|ght conversi on el enen In

the fir iLrectign, : o) I.60;

der1 ceplon REARattbh B 4y 18388 HARRER R BEPRral Ut bt b e i
second scan directjon;,and the first and_second flector. portians (13a,
T30y EnATTTRCGBFU PP hiicen gorm RipedRAp aER duity L g b oLt §hlng 1o
claim4 ¥ﬂerein: the optical deflector (13) includes a mrror portion
(130)[Qk§ is rotatable by the first and second deflector portions (13a,
13b); .and an_incidence angle of traveling |light emtted fromthe |ight
source (11) TAgdoptiaskdetlectry threamgnitade ofither Hevit detlgatorcporitdiavd tienent
(12) relative to a normal direction of the mirror portion (13c) is set to
be 45fusydeBsctnr partion integeated rwith gaghgdhend Thimerphles dogynsizing ofithe
optical scan unit (10) according to claimb5, wherein: the optical deflector
(13) iopticaindefeetonfleadingptoi dawnsizingthe entire mpticahiscah undéti procat i vel y
noves around a support shaft in the first and second scan directions; and
where[aig4ferential optical axis is a traveling direction of |ight

defl ected-by the optical vibration elenent when the optical vibration

el enent -i-S” Firéher £tRE dpteca108eleOdr imclieddseat mdfroangd@ich irstatabhn Glyetinf
traveling [ight deflected by the optical deflector relative to the

ref er gyt ahd kbl detdctor POGianS aA0 tABANGIdenice Apland £11ht tHeaehhbthd | ght
converted by the deflection angle conversion elenent relative to the

ref erentiad tmﬂfgﬁgéhgg&mr migﬁf gﬁg&mm@mrﬁe&pfusﬁ%% £herRal 1GRWYE S

a defl'ection an I nc havi ng passed on the referenti al

optic 4 S . SO. t i = anf]: cony : ' |l e
of i ng#l?jgir% P(f_ri(%‘ﬁ%tmﬁlo eatva?r%a %%éljseéa%ége e ?g%se(?%hnﬁ&ziﬁ: eglggﬁéaﬁg%’g?{sh ) so
as to satisfy 8 < a. . 7..An.optical scan unit (10) according to claim 4,
wher eidrslll.e ttchtg%olﬁﬁgﬁgfldﬁeqfltg&l “{eﬂf)e ‘f%galgbrrpri sed of an optical vibration
eIene&b gchh reci procatively noves around a support shaft in the first and
second®d directions; and where a referential optical axis is a traveling
direction of_ I|ight deflept?d by the,ophgﬁgl vi bration el ement when tae
optical vi bFagthes, e aptical scap wnit dnsidrsethifoEPtetale RIgEF R Bh28A G e 8
is an angle of traveling |light deflected by the optical deflector relative
to t hédeeas splter ap thpt itarn arduce golorabersdtiomgf codoy émagesfprmed by use
traveling |ight converted by the deflection angle conversion el enent

rel at i&feplw:a&J hBght Sometes eand genspatec Amaggs swilt%lwt dé¢fogoration ahigl do the
conversion el ement converts a deflection angle of incident |ight having
passednagnitinde pEflee éntidahcophpgkal Axcerdibp)y.svimpossibbato pfovideamimagd
‘converts a deflection angle of incident |ight not having passed on the

r ef er gitbjtoppitiicRIfotis colbbImageawitlo hgh gakhitY witiout color shifts.

[0186]

Further, according to the present invention, the larger the deflection angie
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 fo maintain a constant scan

speed in a longer time so as to correct image deformation and unevenness in
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8. An optical scan unit (10) according to claim11, wherein the divergent

| i ght CW%I%FW:@' enent (12) and the deflection angl g®&oRMal 1 €l ement
y symetric | enses. 9. An optical scan unit (1%3 accordi ng

are rgt@ﬁil onal

to cl A%ei%eStherein the deflection angle . conversion el enent (14) is a
rotationally asymetric lens. 10. An optical scan unit (10) according to
cl ai mM418%herein at |east one face of the deflection angl e conversi on
elenment (14) is formed in aspherical shape. 11. An optical scan unit (10)
accor di ng tbusther. raceording & theapressnit davenbips, the divergent Hehi cRaversipsal
defiector (13) to the deflection angle conversion elenent (14) is inclined
rel at eleenems angr diee deflestionanegishicom viegsiono eliments eaelal inglederdaod fuicel
light deflected in the first and second scan directions by the optical

def | ecdtatiopdaBy syrdmeentrict ecxbunidathdepdefdleatison Trigl facdorates shemetkmeng
(14): 12. An inmage projector (I ) conprising: the optical scan unit (10)
accor dhiigiskémélypionthe divdrgetolipholcodntisiéaBlement naldl ihrgdéfectiphiamllescan
unit (10), wherein the control unit (20) conprises a |ight source control

Ci I cukbntcrdlon'Biie BiOPEEAUse MmafifackiiS Sh@R Hd bR bIGNérrePURER of 1éhn ba

defl ection angle control circuit (21 ) which controls a deflection angle of
t he ogégﬁaélg%fel@ﬁ{lg_r (13), and an image processing circuit (26) which
appropriately corrects acquired i mage data and out puts corrected i mage data
to thf(gfigﬂl ection angle control circuit (21 ) and the |ight source control
circu (Z22). 13. A vehicle head-up display device (30) conprising the

e, b O eE el e 53110, SPeft Ulhbing B AP B o8 e ork Bk
asymﬁ:tric 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 sﬁot 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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very close range and provide good images with high visibility to a driver.

- [0192]

| Further, the downsized image projector of the vehicle head-up display can
perform the close range projection so that it can be placed in various areas of a
- vehicle.

L_toi93]

According t;) the present invention, the mobile phone incorporating the
above image projector can project good large images in a very close range without
incr,egsing the size thereof and provide them at high visibility to users.

[0194]

-Although the present invention has been described in terms of exemplary
embodirﬁénts, it is not limited thereto. It should be appreciated that variations may
be mad.e 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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CLAIMS
1. An optical scan unit (10) comprising:
a light source (11);

a divergent light conversion element (12) having such positive power as to convert
divergent fight from the light source (11) into convergent light to form a spot on a projection
" plane (Sc);

an optical deflector (13) deflecting light from the divergent light conversion element
(12) iﬁ__a first scan direction and a second scan direction which is orthogonal to the first scan

direction;

a deflection angle conversion element (14) having such negative power as to convert

a deflection angle of the light deflected by the optical defiector (13); and

an-optical path combiner element disposed between the divergent light conversion
element and the deflection angle conversion element, wherein:

the light source is a first laser, a second laser and a third laser with different

waveiengths from each other;

the optical path combiner element is a first optical path combiner element having a
face to reflect light from the first laser and a second optical path combiner element having a

face to reflect light from the second laser;

the light from the first laser is reflected by the first optical path combiner element to

be incident on a rotation center of the optical deflecior;

the light from the second laser is reflected by the second optical path combiner
element to fransmit through the first optical path combiner element and be incident on the

rotation center of the optical deflector; and

the light from the third laser transmits through the first and second optical path

combiner elements and is incident on the rotation center of the optical deflector.
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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)
inct‘udés 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
transmifting through the divergent light conversion element (12) relative to a normal direction
of the mfrror portion (13¢) is set to be 45 degrees or less in the first and second scan

directions.

6. 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 defiected by the optical vibration element when the optical vibration
element is in a reference position, a deflection angle 9 is an angle of traveling light deflected
by the optical deflector relative to the referential optical axis, and a scan angie a is an angle
of traveling light converted by the deflection angle conversion element relative to the
referential optical axis, the defiection angle conversion element converts a deflection angie
of incident light having passed on the referential optical axis (Lb} so as to satisfy 8 = g, and
converts a deflection angle of incident light not having passed on the referential optical axis

{Lb) so as to satisfy 8 < a.

7. An optical scan unit (10) according to claim 4, 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 9 is an angle of traveling light deflected
by the opticai 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




78

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 1, wherein the divergent light conversion

eie_rﬁent (12) and the deflection angle conversion element are rotationally symmetric lenses.

9. An optical scan unit (10) according to claim 1, wherein the deflection angle
. conversion element (14) is a rotationally asymmedric lens.

10. 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.

11.  An-optical scan unit (10) according to claim 1, wherein an optical axis direction from
the optical deflector (13) to the deflection angie conversion element (14) is inclined relative
toa projéction plane which is two-dimensionally scanned with light deflected in the first and
second scan directions by the optical deflector (13) and emitied via the deflection angle

conversion element (14).

12. 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 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).

13. A vehicle head-up display device (30) comprising the image projector (1) according
to claim 12.

14, A mobile phone (40) comprising the image projector (1) according to claim 12.




