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Optical Focusing Systemand Method FIELD OF | NVENTI ON
The present invention relates broadly to optica

wo o@smBI1g6 syst em and nmet hod, and to applicati oPST/SG2007/000322
t hereof . BACKGROUND A bl ue | aser optical disk has a
recording density of not fess than 23 GB and a data
transfer rate as high as 36 Mips. However, there is an
ongoi ng need to further increase the recording

densi ty, eqlicafeBERsiG SPStih MaTbRaLe. e of 2

phase type binary optical een proposed
for superresolution i maging and high density optica
data storage. US patent No. 5349592, (H deo Ando)

descri bes the use of a binary apodi zer in a conpact

FIELDOFUNVENTIOMSt em t 0 obtai n super-resol ution read! ng.
However, it is difficult to use this kind of device in

a blue laser disk systemto get a super-resolution

f Dloei prgtespiaventdfalatss Broatilp 2o vetidal $ddusihg éy@f&h EH&’ infdhod,
nen in the focused circul ar pol ari zed

andtqbaeo}rlnga n‘g rfaﬁ intensity of side | obes around the
focused spot would be nuch hi gher conpared to a CD

US patent No. 5496995 descri bes _
BACK§¥%§?£¢esolutlon scanni ng optical devices, which use
bi nary phase optical elenents in either reflectlon or

LA BRRNLSSH W B 0% cf(rg(_g Pgﬁsgécffngmeﬁ%m? | 5 GtBhand a

focuse spot out renar
data trapsfen gte @S dﬁgh ﬁ@ 3frelVibpd. divaveven titgre as ap aingning N@ed to further

increa&iBipd 4&3&0@@? Qérﬁﬁ’@ Sarfdhnds tﬂ% th%ttFéng‘E@P r%t% vel and

mul ti -1 paseotlca enents I'n the optical head
dfse°ts H‘Pﬁfeatyaﬁg‘i"t‘%w Qitigaloelgingat has/ibpes yiwpporedt for super-

t
oo ad sk gyt e SHAN00 r

Ando) ﬁhfgﬁn uge ?fe?)f"r‘?aWi qq?dgebm%pgﬁggcg dgﬁd;()@,Dz)éyst'em to obtain
super-idaorbmgreﬂﬂiﬂg Hﬁ\de\Féﬂ it ls@ﬂ’lcultﬂﬁ Risk @ls Rt Sevid@ln a Blde laser
disk s er%lto 596 59224 Ot&plr,\ (o) ]%%{r DS it e cuse %]; tﬁe b\}enars ron
glqase e I9Eheh t R TSR CHeRSr sRo| RFCRIGE ry strong
longitudinal field component in the focused circular polarized beam. Also, the intensity of
side lobes around the focused spot would be much higher compared to a CD system.

US patent No. 5496995 describes super-resolution scanning optical devices,
which use biAnary phase optical elements in either reflection or transmission mode with
the purpose of minimizing the focused spot without remarkably decreasing the intensity
of the main lobe.

European patent No. 0831471 describes the use of both two level and multi-level
phase optical elements in the optical head of a CD and a digital video disc (DVD)
systems to minimize the focused spot for reading and writing.

Chinese patent ZL 00127615.8 and the Journal Paper [“High focal depth with a
pure-phase apodizer,” Haifeng Wang and Fuxi Gan, Applied Obtics, Vol. 40, No.31,
56568-5622, 2001] describe the use of a binary phase element to achieve super-
resolution and at the same time obtain uniform axial intensity distribution where both the
transversal and the axial field distribution were taken into account.
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and at the sanme tine obtain uniformaxial intensity
di stribution where both the transversal and the axi al

wo p@Ba3dsst ri buti on were taken i nto account. | t PEESG2007/000322

difficult to apply the techniques in the above

menti oned docunents to bl2e | aser disk systens,

because with high nunerical apert ure focusi ng systens,

VielY.a r [

D15 A oGP GRS 18 bt KR BAE BERREME B e
laser dighi systanes, thecayseswith high numericalr @negtureafqryus!u@i |svﬁﬁmfs4 wary little
super{%{%ﬂﬁ&? Bfect c‘én 'b% é?:lhf%Qe@ ah§ T éi‘aélioﬁ‘ehal thE1&8sE® sP&qE tfuch

her1 cal berration, increase the ITHFIEI n o

higherg whigh @ rapalt oL TP GH0B IPREITIE GOk GOmBPN S RISrRiso a techrioal

challer%jeﬂ%@@@@ce‘ tAe QPﬂé}lcgﬁéb%ntaY ioR, Qhér@é‘ée heGRaginng- thlckness variation
her nor e, numerical aperture focusi

and acjayedarger Wﬂrémsdaﬂ@n%eﬁath@? densifh @Rtigah {998 nsu'ﬁ?? more, for

high naRRetaespentutd fRb¥BY Sybenlsanige fodubadponisizaowkert rgroducing an
arization effect

. a zer dye to the cross, pol A need.
apocizgh gL Atipus By g’ {on drvitihe e e P8 6 it Brosa PeREEaton
effect.seek to address at Ieast one of the above-nmenti oned

SUI\/MA cardance a . first of
Ph B85 Do Xotn o S0 & S oRE R e i Sy REG ot a
least meoﬂmervg)osgtmeemmeblsmag an optical beam shaper for
shaping an incomng |aser beaminto a radial synmetric
beam a polarization nodul ator di sposed such that the
SUMMARYal symmetric beamis a radial polarized beam and

a lens elenent for focusing the radial polarized beam

at a focal plane. The system may further conprise

dpcgresianes with & firsbasnest pbidedirelprd imienpeiere)iss W@Y'@'ﬁé an
optlcapf%tcwﬁg s?étéﬁweécﬁﬁﬁnsh@ &% opficdl BeamasHapler RAIsABPIRG GndiRadMing

such ht fromthe different belts nterferes at

laser 'P?%nf"&@a"l‘ riﬂ nYMMeEcRRaNE R RRPIEAHA BCdEERS FisResgd such

that tHépiddfeiNsyﬁ?inﬁé’(ﬁcﬂbeémr lsfaJFéﬁlélg)o@éhz@ﬂl’bdaM drepmidnolehdenmt for
ar| zation nodul at or may

t.
focus'%ﬂﬁ?ﬂl%g{iﬁﬂ%? eear{]rﬁl ;g%qql el enent or after the

optical elenment along an optical path of the system

The system may further comprise an apodizer element for introducing a Pi
phase difference between different belts of the radial polarized beam such that light
from the different belts interferes at the focal plane. '

The system may further comprise an optical element for forming an annular
beam from the radial symmetric beam.

The polarization modulator may be disposed before the optical element or

after the optical element along an optical path of the system.
The optical element may be formed integral with the apodizer element.

The system may further comprise a beam splitter for splitting a reading beam
from the radial polarized beam in reflection from the focal plane.
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The optical elenment may be forned integral with the
apodi zer elenent. The system may further conprise a

wheasiospbé tter for splitting a readi ng beam f r BOT/BGH07/000322

radi al pol arized beamin reflection fromthe focal

pl ane. The system may fur®@her conprise a lens unit for

focusing the readi ng beam The system nmay further

conprise a photo detector for detecting the focused

readi ng beam The systemmay further conprise a CCD

dhetsysiem mey fyther egmprier)R RSt yrdhior fasusipe dke tradingchaagn.

beam The beam splitter nmay be forned integral wth

t he beam shaper. The system nay be configured in one

dhe aﬁy@teau B‘add‘ Hethert ‘?Orﬁ‘@Pr@F aaﬁh%tﬁtq%%ﬁto'dfos ietartipg fhe fpcused
readingbédiii Ng system a confocal imaging system a three

di nensi onal inmaging system a lithography system an

al i gnnent system an optical tweezer, and a particle

Jeeelysteal map feisdr eBinplite aODdARGEr ;yérfdamamgsm@n@ from the

spect of the present invention there is provided
focuse?é%’fg'%p g? 'Bptl cal focusing, the nmethod conprising the

steps of shaping an incom ng | aser beaminto a radi al

THTBELH] SoRErhlo BEIRIAE] Aoty deaiORLE 0 Deam

"ari ze ocusihg'the radi al
poI ari zed beam at a focal plane. BRI EF DESCRI PTI ON OF

e e e

systemoAHcARRINY Sktem, arpqnﬁ@abmaglrmﬁﬁm # dhreg Wiimensignal ireaging
systemdgsiﬁ{dgpédwrbys@)ﬁ \é(ﬁyallgﬁmgﬁi%{e% o dptlcaﬂﬂ/ebger and a particle

conj uncti on wit he drawi ngs, in 1is a
accelergtiofesigtane di agr am showi ng a design to obtain a
super -resol ution focused beam for a hi gh nuneri cal

erture focysin stem accordi ng to an_ enpodi ment .
TR ECaiare i = St SPRCESTa0R fesat RVERIAD PRSLR Frodted

methocabﬁo;btmﬁgfodﬁﬂt\@ thé nichow coﬁﬁbﬁsup@ ey stepé opshaptthaironiing
es of

laser bgaﬁnsm %a a:f\cgl?l srygmgtai: %88?} BR nlz{ngviﬁc\e/ era&ll!aﬂasymme\fnc%eam into

a radial polarized beam; and focusing the radial polarized beam at a focal plane.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent
to one of ordinary skill in the art from the following written description, by way of
example only, and in conjunction with the drawings, in which:

Fig. 1 is a schematic diagram showing a design to obtain a super-resolution
focused beam for a high numerical aperture focusing system according to an
embodiment of the invention, which can provide both high resolution and long depth of
focus. The polarization modulator is composed of four pieces of half wave plates with
slow axis in different directions.

Fig. 2 is a schematic diagram showing a design using a center obstruction phase
mask and a polarization modulator to obtain a super-resolution focused beam for a high
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Fig. 2 is a schematic diagramshow ng a design using a
center obstruction phase nmask and a pol ari zation
worealoatise to obtain a super-resolution focuserChBGINN7/000322
for a highnunerical aperture focusing system according
to anot her enbodi nent, whigch can provi de both high
resolution and | ong depth of focus. Fig. 3 is a

' ' i .design using .an. annul ar
rumefEh SR, IARE8T A A afingh T Setet Girgirittanficn can
provide ieéy higle sesiolwtipo and bogsiepthté fovus.or a hi gh tngm&*rl cal

i NG rdid ot he
arh i3 soReuAle et BTG LR honitr el eam sreer
and g ppigrigatigh Hmedulatet {® obfaiya super-sesiobitian i focusied gream for a high

numeScP MpRGturs @&ﬁl&ﬂg 43t a%c@rjdfﬁ?r% BRaHer %d%% Qwhich can

.pqgl arization nodulator to obfain a super-resol ution
pm""’f‘)} tsah preiirn Andlong gRPtheficieal aperture focusing
SFRl e |mematc ABigien aWiIRER REBAUSIRNY Binkf) ﬁﬂf&?ﬁsk and a
_provi de bot h hi gh resol ution and Iggdg depth of focus
po'a”?paé'P” BRUEEP" Q1 Ot3HR Gi SHper-iesglutien facysrd Beam ferem Sighynumerical
aperturerdgisiigsysteng iateuiding lto fahether emBpaRRts WHRE &af PR both
e%ti on g t he focused beam

. 1N e X7 CrQss-

high f%"%?“t’% agég"vﬁ‘@)éa?ﬁtha‘%fﬁ%ﬁusﬁ?ﬁ MQqica) eRdRG-i bution. Fig. 7
shigns showsdn attensity émsgd sndliontitudngl ifield; colipens phesdcontour
. g L 0t.ensi ' t 16% Fig. 8 is an

plot mz*éjg_rjn%tg %&%@ﬁﬂé@%f Cégﬁpg%é%er for use in different
ehig ol iy @n afialtinfengily distriputiomventi on. Fig. 9 shows a
f i LSt 0 Qy; i ofl .0 ical_focusing, .
05750 LA SRR Ao Bl S5 Ry o

about HFBCR) PTI ON Opti cal data storage systens are proposed

deigCs ishadattdmihie LxaEPb&ns Thasliy ms%r#o}’l"gi'liﬁéperﬂ %ﬁgﬁgﬂ%ﬂ&eof

or arryl i tude apodi zer, polarization at or
the presentinYenigR] recordi ng nethod. In the exanpl e

elrig ot ishBWS , flcivéhaOMuEtialiBg SRAGtheH %%bﬁca%cagﬁp'ac@&di&g to
0.431, which corresponds to a disk capacity of 23.8
an exacm%lebe’nlb_o#@e? r red |ight

DETAILED DESCRIPTION

-Optical data storage systems are proposed described in the example
embodiments which use a phase or amplitude apodizer, polarization modulator and a
multi-level recording method. In the example embodiments, the focusing spot size is as
small as 0.43), which corresponds to a disk capacity of 23.8GB and 61.7GB for red light
and blue light, respectively. The focused spot size is almost invariable within a relatively
large region. The long depth of field also makes it easier for a track and serving system
to follow the vibration of the disk. The data transfer rate could also be further increased
by increasing the rotation speed. The example embodiments can also find applications
in laser machining, metroiogy and optical alignment systems, three dimensional imaging,
optical coherent tomography, lithography and scanning microscopy etc.

The example embodiments relate to fourth generation data storage, three

dimensional imaging, lithography and scanning microscopy, optical alignment system,
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and blue Iight, respectively. The focused spot size is
al nost invariable within a relatively |arge region.

wab@sioamge dept h of field al so makes it easi er POI/SG2007/000322

track and serving systemto follow the vibration of
the disk. The data transber rate could al so be further
i ncreased by increasing the rotation speed. The

optical éﬁegt?rlt?o éﬁf&ﬂm& tﬁg %9&1!‘5&)!@%{1@%2“%@% %amﬂ%ige a data

storagess}@m@n%\at cdn e_ehlel\rm’elgb&zrodmlsﬁy aagihage lager dapthcdesusnivith
longer EFQ :% LA the Rt S6E Rlo eégilﬁrtﬂ gf?&él 8fife can

odinents relate to ration

be moreewlantsima'asyethetml@é hepdwiess dakhaveriegioheyy the higbgyrfEgsHgncy

vibratioR "t 1€ 8iRR1 A %%Iﬂ%&@&%ﬁal ﬂ@ﬂsﬁ@ﬁxsﬁlmmﬁm the focal region
system opti cal coherent tonograp In particular, the

may a"@%atﬁﬁ’fiée ars8e ﬁ@e'ktrpéc‘teéﬁhepfe@mnew&na oW 5f AR WHRg @éfk
length. Wéﬂaﬁ&&nﬂ@hfe@é’ Earhhlgb B indRIASEd By aﬁﬁbaemgehé RRgRh spest. h

PR s dsbs A aSH srvlanain SLBS hm' qhcnaeesss s i o

numeri€ ap&eure®f 0.8 It &ﬂtﬁwﬂ@&mﬁuﬂﬁotfhﬂ'»qaInﬂkrumdﬁmademﬁﬁg NgHt spot

her fre ncy vibration of th
througtFehibogepfatetouithds e L R By el pieifieg b he Fons
or reduging thenlasdrevadveleapthr Al therdrivay oBCDolVD@ridahee asdratiskework in
t t. . ' [
the far\sf\%qllr&t Pvﬁlgchqn)\é%sllgg%ét}%ﬁg#ﬁ g{ng% ttga 'n%%am%&s ofa?gké rﬁ)e ﬁxample
embodiyeniswrdds aal abyroasiciognisinze thedocused tighirspopiodir faAf igtuand -
to maké E%Qéle%ﬁt‘ﬁ Eﬁéal Aead®o ty,\@g@,k,gngt h of 405 nm and an
Jec ive a nunerical aperture of 0.85. It
As igshewn dn Fig. c"u*P'te £xpmRie tembodiment epmprisesea fases Lgamgl 00
from a idSGPQIO@Q_tD)H@Q%Qﬁ SRIMEESY b A dnst ﬁﬁ%&é@?e& B¢ R fR8m 105

i ncreasi ng.the numerical aperture of ens or
into a clpgyiasisygMalec PaaBr10iay &g cediar 1aper bemm d0j g durped dte an

annulafD8ananob by HE dnASIeF bébng lsr.apw g ba | The IB®ef apatihi Bédlentlighdis

thus sHIfeSa MohrE SRt sr Blenti il Mo B the Sraf TS ater tetpo

focusedrbyttid izes t e ﬁ\ﬁérumfyémbltﬁhhgls B(H.earm;ﬂhhir ?HT the ahrtlarasedm
. to.,m It easl.er..fo O ca ea

106 is iBalBE &' 2 BOBHEMoN Thodd o B2 48 SRR e Horsiif eplprized

annularctorgor 1 HeJhis rediskpolozadahOdarl beam 414 BseivadbgeisyLSed kB2

high n%%@h%éé&drﬁ&&gfngyleﬂs ﬁQSW},Qﬁ (Qarr]\dre%ggg‘?%%y 8 ;R)ﬁ régﬂion

a circu symmetric béam crcu
eﬁectimﬁmxabwrmmdlmsntturned into an annul ar beam 106 by

Fle 2ALM)! [f%tﬁl’lp.@ﬁ ghﬁné’rpc?é’anflq)& thENSak Qe hreRAtdnApodizer 116 to

frequency
modulate its phase, and |s focused by the high numerical aperture lens (NA=0.95) 118

onto the plane 120 of an optical disk 122. The light from the inner belt 117 of the
apodizer 116 has a Pi phase difference to the light from the outer belt 119 of the

apodizer. The corresponding belts of the phase modulated radial polarised annular
beam 115 interfere in the focal plane 120, which further reduces the spot size and
makes the light intensity uniform along the optical axis, The reading and writing process
is the same as for a conventional blue laser disk, with a lens system for the reading
beam 125, in reflection from the disk 122, consisting of a focusing lens 124 and
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thus shifted to higher spatial frequency belt, which
can reduce the spot size after being focused by the

wo e0v8/039186 After passing through a beam splittReT/8GE07/000322

t he annul ar beam 106 is nodul ated by a pol ar.ization
nodul ator 112 and changedsinto a radial polarized
annul ar beam 114. Thi s radi al poI arized annul ar beam

114
e regubsig o [ exanpee odi men e
rAg f’a'u Az @R bthe HE A4 dignt BsR d?ft‘ﬁé%%n hfz@wghhe
|75t faf I

an apo zer ate Its ase, ocused
0ptlcabqaslt he? isi QyABA @mig slwvn m;ﬁm t%r Borl ledng o mﬂ@hgsqurﬁ% thsret
h
size aif o ARk by PR (BB BRUNE e Shdun FEaE IhhacifiTlsk
types ‘GuppeBluacand ‘GupereRed” qmpepi* mp@uﬂéfvi’fhkﬁéql&tmq $BPSt he
apodi zer. The correspondi ng belts of the phase
nodul at ed radi al polarlsed annul ar beam 115 interfere
in the focal plane 120, T3 ¢h further reduces the spot

Disk typeZ€ and MR The Hp pUD | NBRIESAder UNIHISROE-RE® N Gubsie
optical axi|s. The|reading and writing|process |%Ithe

sane as forl a convyenti onal Bisfe | aser |di sk, wt

NA 1ens systemgey thegead ngomsam 125, |iores ef | e¢olgsn

fromthe dilsk 122 r‘nncicflnn of —a-foduysing lens—124
T < TrT T T ITOT ~ < -1 J ~J |3

DT

wavelongifty | i ndr i| OG5 | en9-49%6 ol 9uci ng N ocusi| Rg0D

Polari#tibAktatdr t[farcORk ¢ Tidcviar I eneirsiigr det e¢iRaagi t he R’aadal

photoldetector1128 The full—wi-dthihalf

Spot %ﬁ FYMEiMof ’tq:@Sf 0d s | | ght0 2§§ot at tt?ezgar an;el Pgrg“of

V)

(microhhe opti cal| di sk ]22 is 0.43l, as is shown in Rg. 5.

Eorhl e okt Fa B | S O

Spot e AN o | Cabad) (D {102 b1 4 OIBBa o] O B e o Jags

CapacltglpB) 1 under7 t he [dissk typeQ?" Super- Bl UB"S and 61.7

"Qunar-Rad''l racnaadt ival \1

Derthgy (Pt THE Fbad & 10b” Shodnod. Tab & Tohre |87
(microbahater) at ed |aicqr dijlggi10 t he oasea densi|ty47 el at ijvies4 o

conventiondl hl uell acar didlk cvet one The canadityn of
o TTV CTTOT T T T A= ] T A OT AT LAY \J]\J

T oTTO~ ITC uuluu.\zl oy UT

a disk is proportional to 1/(spot area). The spot size
anke depichiedfshbwa Us aabRr € aﬁ@bal‘dlhlaﬂeedacbhfdmgh thecireda density

o TS B L Bl S30  5e Bl
1/(spot apea)l (Thec spah asizh lamdwiépih tdfadbcua‘escanev czituloted| thidugb vector
diffrackigl’? %o%i. %h)rr’? Y2018 Mt can be seen that the Super-Red, which uses red light,
can achieve a capacity comparable with that of conventional blue laser disk systems,
while the Super-Blue can achieve about 60 GB capacity. If an 8-level recording method
is used in the example embodiment, the capacity of the disk will be further increased
three-fold, thus 71.4 GB for Super-Red and 185.1GB for Super-Blue disk. The maximum
side lobe intensity is about 16%, as is shown in Fig. 7, and the axial intensity is invariant
within the two wavelengths (z / A).

Fig. 2 shows a modified embodiment from the embodiment of Fig. 1, where the '
pure phase type apodizer (116, Fig. 1) is replaced with a center obstructed phase and
amplitude apodizer 202 after the radial polarization modulator 203. The use of this type
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whil e the Super-Blue can achi eve about 60 GB capacity.
If an 8-level recording nethod is used in the exanple

weedpsasameant , the capacity of the disk will be PCF/B6E07/000322

increased three-fold, thus 7 1.4 G for Super-Red and
185. 1GB for Super-Bl ue di ék. The maxi num si de | obe
intensity is about 16% as is shown in Fig. 7, and the

of apodikBb0d dﬁnﬁ@éd}de)/t?é %e&dﬁé?didi@lgbe ﬁ%éﬂ%'itgtdnt%bg?\l]{/ ‘I‘(\@e”é) The obtainable
. Fig. shows. . .
focuse 5Bl FRERES 9ot #ﬁé“%ﬂ’ﬁ?ﬁﬂ’m&’éfﬁb%‘wﬁfﬁh& ofthe giRBedmeREof Fig.
1. In Ri2 ghplpdse ueymesbmpednmr Fi@r]]dl(fs “nlr'érged”lzoitlh! ttﬁe g@ﬁh%@g&br (110,
X i tr e ase and anplitude apogizer
Fia 1955 o ShefRhA L0A S R S3e  STRL L, 200 T
as theussanos$haper.s Thy peuitr 209 df #er agddZzec 202 rsedhgle,e/yﬁi&rg ?Bﬁmﬁdhe
: j I ' pt 0 I 0% The t ai .
conorsiit AR PEOR) ek 28, s i 1, BOLELAAE Gy e
polarizg tapnylpabean 20 R @fterbassingethtough tiFe gpodizer 202 FiThe Zpididee 202
_ ) Dy it
i oRARPIAP D ek, PR i 48 2
which ogryresiuce e fopissrh sppt siee and mpe leaifacutrapmam aormaciagabe
opticaltzh® tbr%agh misHPnce Ha8r RN pidRS 294, t he apodi zer 202 is
[

rk ch obstructs the center of the radial
3“3%1 PHUF B 8Xified emRadinaent fiom g arkodiserttinop Fiy. Rnwbers the
apodizeadioz| FrplBri Z@%Ia@wm;granbg}rﬁMaglb%gﬂf g?e\'pgggﬁg,: glgj the radial
Lk er... . e apidiz
P°'a"2%5‘%€ gyl ﬁ"%gﬁéégs'mfﬁﬁe?fé%ee FBLPEteaR BERREGR2: nhe
annulaoeem $hepeba?2 ShE&%eZ&fﬁer Mﬁtﬁhg@@fénbﬁfﬁ?metotﬁfhidr@ﬁ téﬁ@lﬂal
' t e ni_f.orm al on e
e At MBS e AR DS DAL ST s
by a fecusihg leing. 308. Mibwdhia sehud, fanedcaanhisdi obeait o fdl:mséd;%pot size
' =T PR i.ze 202.. Fi.g.
comaFERPYUFBRL P S5 FodnAPR A J63 pf it
intensityaipng thegtnlical s and thedsuner-oesoBaon ieffeqiosdire ifaumeidtoatic lower
than thgggem% By tr%%&@@é%ﬁﬁeégzﬁig.gh\ﬁhi@? Q%fﬂfz\{etgaﬁ?@tegﬁgqg there

) shifts the | ower spatial™frequenc .
being ng RiRes maguliation infthis eegdimanél t . After nodul ation by the

Pl ar $hlsi 0 oty leAREINRIS frohBie ldnfdbinteht Bpﬁigs ¢ dhe
306. Wth this setup, one can al so

. : |
eyindriggliga 1261 96908 repotedsIngetne phparastaciondd 3% Riadd is replaced
with a ctelrge erbledl debickieCegtiop. TS sétlipesh b3, bé Usedlio pBA8rm optical
i ntensity al ong the optical axis and
OPtical g

conerofiRloBiehy of iR BAMETEL Hurld Hst 155w heper
(105, Fig. 1) is “merged” with the beam splitter (110, Fig. 1). The triangular part 404 of
the “beam splitter and beam shaper” 406 acts as a beam shaper. The apodizer 408 has
more than two belts 411-415, with Pi phase difference between neighboring belts Light
from the radial polarization modulator 410 passing through the djfferent belts 411-415 of
the apodizer 408 interfere near the focal region 418, which reduces the spot size and
makes the beam uniform along the optical axis. Also, since this setup can obtain high
resolution and long depth of focus, if the detection optical path is removed in another
embodiment, such a setup can serve as a high resolution optical lithography system.

Fig. 5 shows the intensity image 500 and ilustrating the longitudinal field
component phase contour plot in the X-Z cross-section of the focused beam from the



10

15

20

25

30

than that generated by the setup described in Fig.1,
which is believed to be due to there being no phase

wore@sloadison in this enmbodiment. Fig. 4 shows aP@DEGI0Z000322

enbodi nent fromthe enbodi mrent of Fig. 1, where the
cylindrical lens (126, Figg. 1) is renoved and the
phot o det ect or (128 Fi g 1) is replaced with a charge
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P @}’ E\ 8 shows an alternative annul ar beam shaper
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g system S annu
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polarized into a radial polarized beam. At step 906, the radial polarized beam is
focused at a focal plane. |

The described embodiments have a number of applications, including in optical
disk systems, scanning systems, confocal imaging systems, three dimensional imaging
systems, lithography, alignment, optical tweezers, particle acceleration etc.

In one application, the described embodiments can provide a reading and writing
optical pickup for the fourth generation optical data storage.

The described embodiments can achieve uniform spot size and uniform intensity
distribution along the optical axis with extended depth of field, thus the defocus and
spherical aberrations are advantageously eliminated, and the tolerance of disk substrate
or cover layer thickness variation is improved. This can also allow having better control
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I n anot her application, enbodi nents can provide a
stabl e scanning i magi ng system where a certain
waledososmEsewul d have no or little effect on thePCT/aGMIONG0322

quality of the inmage. In another application,

enbodi nents can provide atphree di nensional |ong depth

of field super resolution imaging setup, in which the
cLAmf3d™l e is alnost uniformy illumnated along the

optical axis and the longitudinal field conponent is

dom nant. In another application, enbodi nents can

ovid re the intensity does
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radial pblatibed b&atanandon as broadly descri bed. The present
to be considered in all
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1. An optical focu5| ng system conprising: an optical

am an_.incamn.n aser beaminto a
r adl aIS.FHaeD(rgr{[ret v & g:gaﬁ’ e8 [N gpidy ﬂzé’t"%lﬁﬁ FREIGRIIS4IH AN apodizer
elemegt fmoewtangqa tHlthaseeilffeIe}ncad bewamt differcht bénd 6f the radial

ol B A e Bt 8 AR L

system as cI aimed in claim1, further conpri sing an

apodi zgy; R L I n Lifsren

betvveen edigs}fsfer%ntél ﬁqeb% %‘?M%é ér%a%lfg ﬁ'%eﬁge%&a'
elemeg fop farming an @'H"t“'qrrttﬂ@m fﬁ@mdh(ﬁ f@"@lrwﬂbmttls beamer f er es at

the focal plane. 3. The systemas clainmed in clains 1

OA{) 2, further cogrl sing an optical elenent for

rmi 'S5V SIGM AP £RIed A cleim S Neereinithg pelarmationi modulator

is dlsd@eadinbefbre e optiall enashnt Graifte thd Bptidab@rvbnt WRSIGEAN opfi&l

path on?\leasR/'séat' on nodul at or

5. The system as claimed in claims 3 or 4, wherein the optical element is
formed integral with the apodizer element.

6. The system as claimed in any one of the preceding claims, further
comprising a beam splitter for splitting a reading beam from the radial polarized
beam in reflection from the focal plane.

7. The system as claimed in claim 6, further comprising a lens unit for
focusing the reading beam.

8. The system as claimed in claim 7, further comprising a photo detector
for detecting the focused reading beam.
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is disposed before the optical elenent or after the
optical elenent along an optical path of the system
W®2008l0891s¢/St em as clained in clains 3 or 4, wheeEsG200e00322
optical elenent is fornmed integral with the apodi zer
element. 6. The system as14gl ained in any one of the
precedi ng clainms, further conprising a beamsplitter

far splLitti a_readi ng.beam f t he radi al iz

o8 | e HREEL b RR DT R gt AR Skt A upiter
perfoamsing liraagivgl from tbk foaus6d réadindibearoonpri sing a | ens unit

for focusing the reading beam 8. The system as

claimed in claim?7, further conprising a photo

ddPect dhe spstedicasedaimey inranyf oeusfadpime £dioryy Weaeinghe Peem

; ' j [ further conprising a CCD

sp"“ﬁ%@%ﬁ’éﬁé’?@mﬁjﬁ"& Q?e%anglbﬁ%d] e{ rom the focused reading

beam 10. The systemas clainmed in any one of clains 6

t949, Whe'soilni BE cRMABY SP |a'ngtcﬁ1'é biSthb YPreRGin ERGHS wherein

wi th the beam shaper. 11. The systemas clained in any
the sy3iemoi "‘(Oﬁ‘gg‘ﬁlegd%d?”ﬁgofc? SPRP CopRIPtEoPf 31k oBYR difk|system, a
scanrﬁ@ﬁﬁsﬂéﬁﬁ,ﬁéﬂ cbifo€d16maging sggt@wtp aCPRsy éifniepgoﬁl:lfl iMBgiARtsys@, a

[ syste a scanni ng sys a confocal i In

lithog@y& gYster, an}ﬁlig@mgptr@ﬁgqgrb | o ig%é\{v%egzeg)?ga &ﬁar&ﬁg acgeleration
systemnl t hogr aphy system an alignnment system an opti cal

tweezer, and a particle acceleration system 12. A

met hod of optical focusing, the nethod conprising the

stigps éfmetbhd pf ogficahfocnsiog) thg netbad cdrepniningthe sepsadi: al

S LG radj A i ¢ beam

" SIS 6 S BSbrbodih 1 bBakht Aot BEBH, © 2000

p@p@rizizng'@'leb@@iﬁl aymmer(r@'n;lasbarp irdp @ radial polarized beam; and
focusing the radial polarized beam at a focal plane.



