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| NVENTI ON 5 LSmimavent i on deals with | aser beamsplitting which may
used, f \%@M@N\\\m“n | aser texturing, |aser mcro-etching, |aser

m cro-f n, optical recording and other |aser applications.
BACKGROUND CGR®PHE | NVENTION 10 In many | aser applications, for exanple,

| aser texturing, if a |laser beamcan be split into nufti beans and the
intensities and pitches anong the bedms are precisely adjustable, the
efficiency will be multiplied. However, current splitting devices are

unsui table for this purpose. A polarizing beamsplatter plate and cube can
be used to split ARPARATHEMNDMETHOB FOR SASIR BEAM SRIJIHINGI a
transmtted beam and the energy (power) ratio is adjustable by rotating the
pol ari zati on plane of the incident beam However, realignnment of two beans,
preci se agdjpyss oENiNVOENBRIQr ati on and angul ar separation between the split
beans are quite conplicated. For a non-polarizing beamsplatter plate and
cube, the energy (power) ratio depends on the device tolerance and is not
adj ustaple.. A mask prqjection stem.can be used 20 t bt ai n fti beans
bt 't heb el s meBheh BrAk REdG BB the YHELAEY I tede RfotanBir. didHg: « ne
beans depgR@iing, BRed RAferdBtchHzMiikér HicloBbliddabaeHiticBEARbATRGE T8BE Sete? 10RE

adj ust abl e; thé separation befween the beans depends on the mask pattern
and i s didpplications.t o adj ust. US patents 4565426, 5671047, which concern

| aser beam splatters, are unsuitable also due to | ack of adjustability. 25
OBJECT OF THE INVENTION It is an object of this invention to provide an
appar at Usg RORGIEIMKRD GPITHEPRINYENTIOR | aser beaminto two beans for which

t he energy bal ance, separation and angul ar separation from each 30 ot her
are fihely adjustable. Since the split beans remain Gaussiaci they may be

preci sel Yy, —~ o~~~ LJ s' ~~<c. -2 controlled and transmtted, so

El ose. ¢ o BBy JERERPIFPnS fthe ample s Sifishe Lansroierninpe bl S Eelh i cal
path to alh@WahdPihe iREHRIRE B Pehed HloNGHR 1RRhd S8 lpr@iLRRMustB VMY fidfendyE

I NVENTION 5° _ In accordance with the invention, thére’is provided an

appar at uswilbbe mmudtipliede dtovegyer,tquirtegt sphistiigrdgvisesareapiseitable for thislparposé.nds an

i ncident beamand a first birefringent wedge for splitting the polarised
boam | nt PURETBIERD RIS PIFTh BT PS50 be RS anfhan Brith opp B L RHEHES e
bi ref r 1 noRAmM WRHd&rdnsmitRH Heak ﬁlda{!ﬂ@l&lexigzs(p@\péﬁ) Gadio aXhdjudtably &% YrodfingREd e of

i nci dence of the 10 pol ari sed beam on the wedge so as to allow for

cont rol | eplarijation péane off the incigent dehwn Hogeeerbacaigamenthel sy beamnsaprscise
Pr el et 30! Mt OB Bk Snd B deSradh BeflRhh oBE G BLERC SO
complicated. For a non-polarizing beam splitter plate and cube, the energy (power) ratio

D
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depends on the device tolerance and is not adjustable. A mask projection system can be used
20 to obtain multi beams but there are several disadvantages: the intensity distribution among the
beams depending on the uniformity of the incident beam and mask is not adjustable; the
separation between the beams depends on the mask pattern and is difficult to adjust. US
patents 4565426, 5671047, which concern laser beam splitters, are unsuitable also due to lack
of adjustability.
25
OBJECT OF THE INVENTION

It is an object of this invention to provide an apparatus and method for splitting a laser beam
into two beams for which the energy balance, separation and angular separation from each

30 other are finely adjustable. Since the split beams remain Gaussian they may be precisely
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per pendi cular to the incident beam 15 Preferably, the apparatus |ncludq 4@
second birefringent wedge arranged such that the split beans ar & ilnéi'der
thereon and are transnmitted therethrough to reduce the separation angle
between the split beans. 20 In another aspect, there is provided a nethod
of |aser beamsplitting including polarising an incident beamutilising a
wavepl ate and splitting the beaminto two orthogonally pol arised split
beans with a birefringent wedge, charZacterised by rotation of the
birefringent wedge about its optical axis to vary an angle of incidence of
the polarised beamon the wedge to thereby control adjustnment of a

separ at i otorafuglee ahe trapenititdigo slokd to d¥eRBEher At By Ban PESCRO TN afialvHEe
DRAWNGS The invention is nore fully described, by way of non-limting
exanpl e oy OF\‘MC@hpqﬂéf%?l@%@rtf‘écutsﬁég BY awinglgsoptical ‘W’W‘?ﬂﬁ 30 r;n "~~i~~ 1.
l"a; , r; , -3 Figure 1 is a schematic diagramof an apparatus used for
splitting a linearly-polarized | aser beaminto two linearly-polarized | aser
beanms i n SOUMMARNOB THREINVENTIONMNedges are used; Figure 2 is a schematic

di agram of an apparatus used for splitting a linearly-polarized | aser 5
beam i nfo two | i nearly-pel arized | aser beans in which only one birefringent

wedge i s HP& orddnBY Wfih he 1 ‘éﬁtufd“?he?@ ﬁ@%&ld@@ taH%P@éﬁ\?tuﬂ?&' l%f&%aegﬁl Pitt

function aser 1nci anglé on't Irs ringen e surtace;

and 10 Fi bavirg Awaleplag fbh@olmzmgmnhemdmeheatrmxdfadtmslﬁfkfﬁmsweeﬁgesﬁalr isplitie@ns as
a function of Laser incident angle on the first birefrjngent wedge surface
in an appf¥dtolissd beyp lmﬁvt&ﬁtquWgOWLWWWW@%a%Wap hagthe hown

|0, Lie O it R e FALENle UBhT RcHLLON Al BTSERNGSREihice ALY |

wavepl ate or a quart r wavepl ate i rst blre ent we ge 2
second 1Bi pcdﬁmsedgnemh metﬂgs/edge g0 dsao udowdoscdtfiroBed hdgaﬂmeimffm éepmlademhn@mgl e

on the first we rface 6: wedge angle of the first wedge 7. wedge angle
of the se@‘ﬁWGe é 1tLlJeam$

Preferably, the optical axis is parallel to a deflection surface of the wedge and is substantially
perpendicular to the incident beam.

15
Preferably, the apparatus includes a second birefringent wedge arranged such that the split
beams are incident thereon and are transmitted therethrough to reduce the separation angle

between the split beams.

20 In another aspect, there is provided a method of laser beam splitting including polarising an
incident beam utilising a waveplate and splitting the beam into two orthogonally polarised
split beams with a birefringent wedge, characterised by rotation of the birefringent wedge
about its optical axis to vary an angle of incidence of the polarised beam on the wedge to
thereby control adjustment of a separation angle between the split beams.

25
BRIEF DESCRIPTION OF THE DRAWINGS

The invention is more fully described, by way of non-limiting example only, with reference
to the drawings, in which:

30



30 r~n~ ~ ~_~<<tZ -4 8: angular separation between two split beanms
transmtted through total device 9: pitch between two focussed spotd &f "t hald
split beanms 5 10: incident linearly-polarized | aser beam 11: transmtted

| aser beam t hrough wavepl ate 12: upper split beamthrough the first wedge

10 13: down split beamthrough the first wedge 14: transmtted beam of beam
13 through the second wedge 15 15: transmtted beam of beam |2 through the
second wedge 16: separation between -t3w split beans transmitted through the
first wedge 17: direction of the optical axis of the first wedge which is
per pendi cul ar to the paper surface 20 18: direction of the optical axis of

t he seconHiguedyé aknhematicsdipgrapeeidincapparatus aisgchior splgting 8 lintartyep@arizad lasst h t he

paper surface. and its agwn incident surface,. DETALLED. DESCRI PTI ON 25 Fi gure
o e SErRRe e el B el BB R TSP B L iR e sied o
| aser beam splitting in accordance with the invention. As shown in Figure
1, waveplate 1, which can be either a half waveplate or a quarter 30
wavepl at eFighe Disrproheingtid dipgnam afips dppatatie wsedolon spliting A dinearly-pearzedd ased
preci selky, around it. Lo A7 i v ¢ ~>~ ~ -5 The optical, axes .of both
D1 ot 11 o oot isariplagies e b P oo ool PR e
surfaces respectively. The first wedge 2 can be rotated precisely around
its own optical axis, which is perpendicular to the incident |aser beam 10.
The opt i chigug3d shows thelsepasationrnf twe dplét ®Baing apa fynstion efilaser ingdemiangigoindbat
beam 10 apd, parallel or rpendicular to the optical axis of 5 the first
wedge 2 a ﬁtgngﬁgémﬁaﬁPaggﬂgﬁﬁ’%ﬁ%h the first birefringent wedge 2.

10 Figure 4 shows the pitch between two focused spots of split beams as a function of laser

incident angle on the first birefringent wedge surface in an apparatus of the invention.
EXPLANATION OF SYMBOLS
15 Features shown in the drawings are indicated using the following references:
1: a half waveplate or a quarter waveplate
2: the first birefringent wedge
20
3: the second birefringent wedge
4: afocus lens
25 5: laser beam incident angle on the first wedge surface

6: wedge angle of the first wedge

7. wedge angle of the second wedge
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The linearly-polarized | aser beam 10 passes through the waveplate 1. If it
is a half waveplate, the transnmitted | aser beam 11 renains =2 APR 2333
| i nearly-polarized but its polarization plane is precisely rotated to the
direction which is 45 away fromthe optical axis of the first wedge 2. If
it is 10 a quarter waveplate, the transmtted beam 11 becones al nost a
perfect circularly-polarized beamby rotating the wavepl ate precisely.
Since there are two diffraction indedes in the birefringent wedge, the beam
11 transmtted through the first wedge 2 is split into two beans 12 and 13
havi ng bal anced energy and nutual |y orthogonal polarization planes. The
separati an Laghet WeeRibh8eRRaMBwd HIRBEamiSrARRARAShAUgh RGPl NCi dent
angle 5 of the beam 15 11 on the first wedge 2, the wedge angle 6 and the
wedge' s thi ckness. The angul ar separation between the beans 12 and 13
depends qp the, incident ?ngle 5 and &pe ”ﬁ%ﬁﬁ angle 6. The second wedge 3,
whi ch ha 'a‘%??bﬁ?ﬁ§n§W%(F %m&é8§%°5 SFBI An that of the first wedge and
is placed upside-down with the first wedge, is used to conpensate the
angul ar separation between the beans 12 and 13. The angul ar separation 8
bet weenS t19e igsdans lineprkynpblarkzed daser besswi t t ed t hrough the total device becomes
preci se and sensitive to the incident angle 5. The separati on between the
beans 14 and 15 only has a little change conparing with the separation 16
because the tianghiRAlaseNBaasthedughReavesiams 12 and 13 on the second wedge 3
are quite small. The beans 14 and 15 are so close to each other that they
can pass through other optical conponents just |like a single beam If a
focus lens. .4 is u to.focus e two 25 focused spots can be obtai ned.
These tmga'sblgt)%r gggeagé%& !ﬁzﬂe"Ij g‘ﬁsg]“ferdﬁeensi ty and the pitch between themis
equal t{® the angul ar separation 8 nultiplied by the focal |ength of the
focus lens 4. The pitch can be precisely adjusted by changing the incident
angl e 5 df3: ddewnisehinberm throughnbr EESE weigsodi nent, only one birefringent wedge
is used if the required pitch between the 30 two focused spots is
relatively large and the adjustnent range of the pitch is relatively small
~ 11t transrARel bedn 99 66an N3 Airb@sOMEREIon veBfOWN i n Figure 2. The
meani ngs of the synbols are the sane as in Figure 1. Ono nore case is that
the device can be used as a serial order to get tour, eight, or nultiple 5
f ocuse ots with identical feature. . As an l e, a set of design
paraneﬂ%?"5¥m§nl?%€F?3§F% vﬂgﬁ“ﬁgﬁhﬁwfﬁm %Sé? exture machine are
presented as follows: 10 Simlar to the conponents shown in Figure 1, a
hal f wavepl ate and two calcite wedges are used. Two wedges have the sane
t hi cknesslOofsemiatiasrpetwranrtwe saliy kaams dgasraited tiergh Bpfirs yedgges are paral | el
to their deflection surfaces respectively and parallel to each other. The
i nci dent angle of the beamon the deflection surface of the first wedge may
be vari ed7beliregRn of tRnpidd axid bLthasiey dedgrobisictofs pehendicilat o/@e @apdrsusfads 0" t
10" The wedge angle of the 15 second wedge is 248 20" t 10". The separation
betweef) the split beams transmtted through the first calcite wedge as a
function @f the.inci t . jpt in Fi L f ocus
[ ene. i ¢ o ISt B paS A sBdnl e FARMDS pliabhBifr [ aler
transm tt ed sufficeughin bbgh thepajer deiface@hd il @wpiihciteltstinf@en the two focused
spots as a function of the |aser beamincident angle on the first wedge is
shown in Figure 4. 20 Besides the calcite wedges nentioned above, all other
birefrinqﬁgtﬁﬁﬁﬁg gquartz wedge, are also suitable for this
i nvention. Besides Sgggg?pgiture menti oned above, the apparatus and net hod
of thissinvention can be used 25 in many | aser applications, such as |aser

m cro-etching, |aser mcro-fabrication, |laser mcro
Figure 1 shows a schematic diagram of a first embodiment of an apparatus used for laser

beam splitting in accordance with the invention.

As shown in Figure 1, waveplate 1, which can be either a half waveplate or a quarter

30 waveplate, is perpendicular to the incident beam 10 and can be rotated precisely around it.



processi ng and optical recording. In sunmary, the | aser bean1spllttej
the followi ng effects and advant ages S~ ~/1f i, ~~s, 4%
| i nearly-pol arized | aser beamis incident into the | aser bean1splltter the
wavepl ate rotates the pol arization plane of the incident beamto the
direction which is 45 away fromthe optical axis of the first wedge or
transfers the incident beaminto a circularly-polarized beam Then the
birefringent wedge splits it into twosbeans having bal anced energy,
mutual ly 5 orthogonal polarization planes and adj ustabl e angul ar

separation. The second birefringent wedge is used to conpensate the angul ar
separ at i OITh@bpfid¥® afddldfthoREGPErihgene 8 e shdped R&G srzesl AR VAR (S @RI REbABnhas
to be preC|ser and sensitively adjustable. pitch between two focused
spots is e&eirges meﬁwlmnﬁhﬂ fast w%aﬂ&tam bﬁm@t@%@ﬁw@lh@rwﬂm dyenepical axis,

mul tiplyin t he l.en r

enbodi ment“'g1 lclglfls P %'Be?(ﬁ%ugﬁrttpgﬂg nﬁl\ggmtlﬁse ;191%([%'@\,1 r@ Z’ aﬁ?é‘geim ”gorﬁfe\y?% i's

conpact ands gapandicQlat @hé Qlcidamchebie] Onaeid hahlleSorSpendicultif € giel dpticAleaisorar e
so close to each other that they can pass through the fol|ow up optical

conponent &h¢ figst wedgee2 aldsmlﬁ@delpyéaﬁpyndewg figgt bireginggnt wsfzeHe opt i cal
system The energy bal ance and the pitch between the focused 15 spots of
the split beans are finely adjustable. The device can be used in a serial

or der t o g8t lih@wdl poRirigdt [a@F béa €0 pashdsidipbephli@waveplate 1., If-it ik a llywaveplde,~ N ~
~~~ _$ CLAI M5 Apparatus for |aser bean1spI|tt|n having a

vvavepl at e tegrangpitiag lasqrrgara 1irprainrclineanbenataried bat ity palariz lpéﬂ)llanﬁg@mecmlage
for splitting g g2 Bh %ﬁﬁ'cthb? &5;9 %)QPmQrwc%gg{l%% %eﬂﬂgﬁ@é@%

beans, characierise |re ringen IS Tro

opti cal 10axiqaarter W@reyla@ tlﬂﬂgd:errmfedl b&@monar&eomés ;tumestmn;beafebsad:uh:m@npcﬂﬁniehe
wedge so as to allow for controlled adjustnent of a seFaratlon angl e

bet ween t Beam d1y; fotasiag the “@M@Pl%tﬁ@f%?;bsﬁb/r abinse there Ay tWordifisting iadexee shhe

birefring . reon
and are tfﬁgélfg %@ggﬁ%g@ﬁ%ﬁpgggﬁnﬁ @ EEBL ﬁritb‘g&%%nglrs § tlltrc}iﬁloang e between
the split 1Deqs 13 wheingi balideed s:ﬁextgpob:mﬂgaallss oatho gk poBizafont plapesodUte

ani sotropic affects on the transmtted beans, for substantlally cancelllng

ani sot r opp@agtipe 6 Setiypaidtie bermsyl 2iand 13 denepdyany e beamywridericagle 3 obthe R at us
| |
ot | ectiod! ol e HRESIcad 81 UPAio T W RS B8 Sncting P%a?eﬁ%tlgnt he

inci dent bewien the pinsnatand 13slepdrls oRAhd incidbmti gk, Metheiumdg&axgsesorlme
bi refringent meggg has an optical axis substantially parallel to

def | ect i ofecand wedes 3 ndiichdrs a shghtly sallshwedgel apglear diah éhat 8f tf\@é‘fr&eweﬁ&?mnar to
the opti P?{ l%(édsu% il v w&tﬁtth@h f&éd%&?ﬁ'hsé@ﬁ@%n‘\ﬂ%héaﬁ%pthg% Qla?- argtion
a y eam

subst ant i perpendi cular to the 1n ent paratus as clal ned
i n any oneewfeenltht weards 12 add 18heTked mguhe seEagem &tbet“&ubslheabéanad 14/ and 15
"V - sh%ﬁed in profile and inyv ted rel ative to each other.

appar at4ls tragsrittsd rgugnthg fotabdeyicss becoraes praeist Ay SeRpiE ¢ri0 “\ﬁﬁ%‘f‘é‘?‘ﬁ af‘ﬁ‘@ 3.
Appar at us 8 Sy frcleey (U BUER: §4 BB s Ol Bl Sl RhaRXofpafing Wi the
separation 16 because the incident angles of the beams 12 and 13 on the second wedge 3 are
quite small. The beams 14 and 15 are so close to each other that they can pass through other

optical components just like a single beam. If a focus lens 4 is used to focus them, two
25 focused spots can be obtained. These two spots have same size and intensity and the pitch

between them is equal to the angular separation 8 multiplied by the focal length of the focus

lens 4. The pitch can be precisely adjusted by changing the incident angle 5 of the beam 11.

In another embodiment, only one birefringent wedge is used if the required pitch between the

30 two focused spots is relatively large and the adjustment range of the pitch is relatively small.
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wavepl ate is substantially perpendicular to the incident beamand is™ /Z APl i)
rot at abl e about the 30 beam 7. A nethod of |aser beamsplitting including
pol ari sing an incident beamutilising a i T n ~ ~(~"1 ~5~~1:
4.4r.1., ~1~ g_waveplate and splitting the beaminto two orthogonally

pol arised split beanms with a birefringent wedge, characterised by rotation
of the birefringent wedge about its optical axis to vary an angl e of

i nci dence of the polarised beamon the wedge to thereby control adjustnent
of a separation angle between the sglit beans wherein the waveplate is
arranged to polarize the incident beam by 45 away fromthe optical axis of
the birefringent wedge. 8. A nethod as clained in claim7, wherein the
wavepl ate is arranged to C|rcularl¥ pol ari ze the incident beam to 9. A

met hod aX!cl pPARITRRECIRNIGF ghom in Figurg?Z. ereganings ebBsfimBpls afe ha §ane apkdge i s
prOV|deq;gﬂg]arranged such that the split beans are incident thereon for
transm ssron therethrough, the second birefringent wedge serving to reduce
the angl e of separation between the split beans. 15 10. Apparatus for |aser
beam splitting, havh%g wavepl ate for polarizing an incident beamand a

first biPeFPPIRGANtIS Hiad e c%edrce§ﬁm P¢ pedpstarserigrdsrite ga' ouhAighit o mykiple
Orth°99r}ﬁ$ds¥d?&{)$5v'n¥ﬁ9e Bh%at@x%ams characterised in that the birefringent
wedge Is rota e abou Its optical axis to vary an angle of incidence of
t he pol ari sed beamon the 2 o wedge so as to allow for controll-ed

adj ustment of a separation angle between the split, beans, wherein the
wavepl atts examplsep 5¢f of desfenpajassiess of acﬂra%{lceflﬂ&mcs ISR i [t tEXUrEImackingar at us

as clai r@g jdde éd%ﬂ?‘lgw wherein the optical axis is parallel to a

def | ecti‘on’ sur ace o Pe wedge and is substantially perpendicular to the
i nci dent beam 25 12. Apparatus as clainmed in claim10 or 11, including a
second birefri nf%ent wedge arranged such that the split beans are incident

t her ebh ARHan fosthe campaRanieHoOPRAR &igire Lgh hald Waxenlate aﬂ%éwgéﬁaﬁ%mﬁ?sawm e

bet ween e Rl hedye8iive 0 skt ARRAEE UihnASh e FRMed 81e!adh MetPopither €1 1

t he second wedge arranged so as to produce ani sotroplc a on the

t ransm taxesl ateeparsllel ftontheiubsfleation ad:rlfaces: aaspaﬂubely gmarpasmbr mpeach e)ftlieect’Ehe

pr oduced bg the first birefringent '~iv -10

14. AppdRefians angle of the H%amrhmeldsﬂqwzsu&gwl@f the,fiest é*ieﬂgft may Qsamﬁ lﬁﬁtwsan. ngent
wedge hagp ti t r b t@" ace
t her eof , aﬁg g&bs?‘?n??%elsaygggﬁ ‘WF‘TS@WCM ei?pzae)?]g?cazlgr al:thgq{’éogg glegz:&( axi s of
the fi¥ $bcdndrv@ge 3QEA% 200t . ifhelsgtardtien befwserbtht apilit tebuiny tqaasrmﬁndithrutllgi]r to

t he incident beam 15. rat,us ¢l ai ne |na one of clai 11, to
wher ef o b6 Br3iaB s wedze S0 Biration af by e e a ik OBk eV AT t ad
relativ t p t t he
br coed g o e plrf PELe [0 KhgulAt SRR R S RO PHESDIL Dot it

per pendlthuiugh theototdh eeving,i the pitctbeaweante itso fansidaipos aboutctidneofibataserl7. A
met hod - | aser beam spljtting inclu I ar ing an incident beam
utilisi 3’63’3 ”.‘L@}d%\?@%lleé’?‘éh%h&t g"ﬁflgec‘tsl ﬁ%‘”’?@‘ﬁ%& ‘into two orthogonal Iy

pol arjped split beans with a birefringent wedge, characterised by rotation
of the birefringent wedge about its optical axis to vary an angl e of

i nci dendiesigs theecajrate avddgedimbatamed abevee alledwe birefringentabsdgenrnucivhs garizst ment
of a separdatlonéﬁsg tf %ﬂ n.the.s I|t beans, wherein the waveplate is
arr anged ¥'6°ciF &4 PIRPIG BT 2‘8’6{‘“ ‘i nci dent beam 20 18. A nethod as
claimed in clainms 17, wherein a second birefringent wedge is provided and
arranged such t hat the split beanms are incident thereon for transm ssion
t her et hssigés laseh éexgee maotidoed atfove rtheaipaeedged sethed nfthisonredicocan he usedgl e of

separf\st i.on beE ween the spli b(?ams. . . . L .
in many laser applications, such as laser micro-etching, laser micro-fabrication, laser micro-

processing and optical recording.

In summary, the laser beam splitter has the following etfects and advantages



25 19. Apparatus for laser beamsplitting, having a waveplate for « 9 sps
pol arizing an incident beamand a first birefringent wedge for splitting "
the pol arised beaminto two orthogonally polarized split beans,
characterised in that the birefringent wedge is rotatable about its optical
axis to vary an angle of incidence of the polarised beamon the 30 wedge so
as to allow for controll ed adjustnent of a separation angle between the
split beanms, wherein the waveplate is substantially perpendicular to the

i nci dent beam and is rotatabl e about the beam -~ls ~. (1) U, ~ -11
20. Apparatus as clainmed in claim19, wherein the optical axis is parallel
to a deflection surface of the wedge and is substantially perpendicular to
the incident beam 5 21. Apparatus as clainmed in claim19 or 20, including
a second birefringent wedge arranged, such that the split beans are incident
thereon and are transnmitted therethriough to reduce the separation angle
between the split beans. 22. Apparatus as clained in claim?21l, wherein the

second e i.s arranged as to .1 o, produc ni sptropi.c affects on the

Cr ansmi t NORRGdiarty Pofargeh Best henmif jpeidinc iy s dasen pesot FPIEE: ¢ pavelate
producedryted b8 poldr2htid pishd bNEE MciRHBEm foithe MRBAIAIWRCIRE BlalwiEdrd Cl aim
21 or 22, wherein the second birefringent wedge has an optical axis

subst ant ihaldpyicd axsl dfehe ficst avedgd bewanstons gherihadent theam entb ,a arvdlaslybhsdaived al | y

15 paral ] el or, perpendi.cular to the optical axis .of the first birefringent
wedge. whbsest b STBUREnC vedeP oIt JBh 1< bal eng helanoce by BBl 25
Appar atu cﬂ?rﬂz . i dn WHES & s are
SUbStG.F]t?%. yﬁ'l"l@-s égg’égﬁ’eﬁ}%ﬂ uesggﬁédg%rlll\%rs%%égﬁgl ativ%b‘g%&seig%frl}ﬁ ther. 20
25. A newbdgk sfustdteconiyeasats thei anpulagsepmation bh theppliabdagisrig case theiceqiend beam

utilising a wavepl ate and splittin he he ipto two,_orthogonal |
pol ar i se%’gé’l:ﬂr i SEPHRUAR NN PHPeP B IFRY gP%@%ﬁt“Va}?dﬁg‘}Stﬁ?ﬁFar JB? é’itflggﬁt“ﬁ f¥?ation

of the birowieaisﬁg@g% fzeggﬂq)em@%gmaﬂ $e9ardRb 6&vednine sht Bedfn¥ Iﬁ’tﬂtiﬁ?gxlgg)g%e

i nci dence of t I sed beam on the wedge to thereby control
adj ust nefecaldength o€ gwrfatisdansangl e bet ween the split beans, wherein the

vvavepllgte is arranged to circularly polarize the incident beam

5.
[V

Furthermore, embodiments of the invention have the following advantages. The device is
compact and easy to control and the method is simple. The split beams are so close to each
other that they can pass through the follow-up optical components just like a single beam and
this will simplify the optical system. The energy balance and the pitch between the focused
15 spots of the split beams are finely adjustable. The device can be used in a serial order to get

four, eight or more multiple beams.
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produce anisotropic affects on the transmitted beams, for substantially cancelling

anisotropic effects produced by the first birefringent wedge .

2. Apparatus as claimed in claim 1, wherein the optical axis is parallel to a
15 deflection surface of the wedge and is substantially perpendicular to the incident beam.
3. Apparatus as claimed in claim 1, wherein the second birefringent wedge has an

optical axis substantially parallel to a deflection surface thereof, and substantially parallel
or perpendicular to the optical axis of the first birefringent wedge whilst being

20 substantially perpendicular to the incident beam.

4. Apparatus as claimed in any one of claims 1 to 3, wherein the wedges are

substantially “V”-shaped in profile and inverted relative to each other.

25 5. An apparatus as claimed in any one of the preceding claims, wherein the

waveplate is either a half waveplate or a quarter waveplate.
6. An apparatus as claimed in any one of the preceding claims, wherein the
waveplate is substantially perpendicular to the incident beam and is rotatable about the

30 beam.

7. A method of laser beam splitting including polarising an incident beam utilising a
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adjustment of a separation angle between the split beams wherein the waveplate is
5 arranged to polarize the incident beam by 45° away from the optical axis of the

birefringent wedge.

8. A method as claimed in claim 7, wherein the waveplate is arranged to circularly
polarize the incident beam.

10
9. A method as claimed in claims 7 or 8, wherein a second birefringent wedge is
provided and arranged such that the split beams are incident thereon for transmission
therethrough, the second birefringent wedge serving to reduce the angle of separation
between the split beams.

15
10.  Apparatus for laser beam splitting, having a waveplate for polarizing an incident
beam and a first birefringent wedge for splitting the polarised beam into two
orthogonally polarized split beams, characterised in that the birefringent wedge is
rotatable about its optical axis to vary an angle of incidence of the polarised beam on the

20 wedge so as to allow for controlled adjustment of a separation angle between the split

beams, wherein the waveplate is either a half waveplate or a quarter waveplate.

11.  Apparatus as claimed in claim 10, wherein the optical axis is parallel to a

deflection surface of the wedge and is substantially perpendicular to the incident beam.
25

12.  Apparatus as claimed in claim 10 or 11, including a second birefringent wedge

arranged such that the split beams are incident thereon and are transmitted therethrough

to reduce the separation angle between the split beams.

30 13, Apparatus as claimed in claim 12, wherein the second wedge is arranged so as to
produce anisotropic affects on the transmitted beams, for substantially cancelling

anisotropic effects produced by the first birefringent wedge.
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15. 10Apparatus as claimed in any one of claims 11 to 13, wherein the wedges are

substantially “V”-shaped in profile and inverted relative to each other.

16.  An apparatus as claimed in any one of the preceding claims 10 to 15, wherein the
waveplate is substantially perpendicular to the incident beam and is rotatable about the

beam.

17. A method of laser beam splitting including polarising an incident beam utilising a
waveplate and splitting the beam into two orthogonally polarised split beams with a
birefringent wedge, characterised by rotation of the birefringent wedge about its optical
axis to vary an angle of incidence of the polarised beam on the wedge to thereby control
adjustment of a separation angle between the split beams, wherein the waveplate is

arranged to circularly polarize the incident beam.

18. A method as claimed in claims 17, wherein a second birefringent wedge is
provided and arranged such that the split beams are incident thereon for transmission
therethrough, the second birefringent wedge serving to reduce the angle of separation

between the split beams.

19.  Apparatus for laser beam splitting, having a waveplate for polarizing an incident
beam and a first birefringent wedge for splitting the polarised beam into two
orthogonally polarized split beams, characterised in that the birefringent wedge is
rotatable about its optical axis to vary an angle of incidence of the polarised beam on the
wedge so as to allow for controlled adjustment of a separation angle between the split
beams, wherein the waveplate is substantially perpendicular to the incident beam and is

rotatable about the beam.
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has an optical axis substantially parallel to a deflection surface thereof, and substantially

33 Eerem the second birefringent wedge

15 parallel or perpendicular to the optical axis of the first birefringent wedge whilst being

substantially perpendicular to the incident beam.

24.  Apparatus as claimed in any one of claims 21 to 23, wherein the wedges are
substantially “V”-shaped in profile and inverted relative to each other.
20
25. A method of laser beam splitting including polarising an incident beam utilising a
waveplate and splitting the beam into two orthogonally polarised split beams with a
birefringent wedge, characterised by rotation of the birefringent wedge about its optical
axis to vary an angle of incidence of the polarised beam on the wedge to thereby control
25 adjustment of a separation angle between the split beams, wherein the waveplate is

arranged to circularly polarize the incident beam.



