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OPTI CAL TEST SYSTEM | NCLUDI NG | NTERFEROVETER WTH M CROM RROR AI\BOs
: PI EZCELECTRI C TRANSLATOR FOR CONTROLLI NG . TEST
" PATH M RROR This invention relates to optical beamtest systens, and
nmore specifically to an interferonmeter having a micromrr asuring
the quality of anoppiCAB| TBERNSYRUEM r BNELUDI G%’@%EE%%& gor
extracting a nefcROMIRROGRAND PIRZOEBELRRIC FRANGLAEOCEN s? uc'f\'lu
reference beanms have been found ud&ESH -HAH'HafHIRiRegtions such as-
interferonetry. Sone systens use a pinhole, i.e. a very small opening, to

generate a reference beamfromthe beamconming from the source to be
test ed. Gener at i Fiys énviestion eglateste aptical beamesinystsme landsoerespesiicalyctoan t o

el at § oneni pingemaler il L aneeiniE A7 Maabitiie, i o) or st B Heall 7o
provi de a remgiveftéat. beam which is relatively free fromthe effects of

aberration present in the source beam |t is well known that when a
sufficiently snePevesalfysiems exigffacexracting pdefesgncedieagniramea beamof Besnuce

{he-abor r At | SHORCREETSE RAGRACEDREANAR U o WiBERCAANGRIGRI4F,

a beam expandtterféromelrge Sonmesistatng asa pinhble| L.éita vty Smalhopbringcngaredieas a
reference. An existing interferonmeter systemis described in "A Phase

Measuri ng Radefgrensecaan fioay theheam eeming fraps tha souree thke tesied.r Giengrating a

Conpact Di sc ' . s e ' SP| E-
I n'[rgr nat i onalr ﬁ%&%?‘%&%@cﬁm n!g‘ﬁl%?f]:(racgrptl') %ﬁ?@ﬂ; %6@%‘"?%9%[5{%@23 beam
("Truax"). | whidtehay $hesaniescavdiath radei oondtérd phaserrelationstiigio ithe priginatl at
the output of a | gser beam source. . A beansplitter splits the source beam
into a test SOUIRERAT FEPuIaRKed BN RrhoeddpRipYde 8 relesanoe BeRm wiNER fon
with a beam ?él@ﬁ\%lﬁ"frete%drﬁ@Pé’%ﬁé&@rdf%bbﬁaﬁér{ EEEsEHﬁnQﬁé@ohﬁebﬁeéfﬁ.e(it fsQkell

r ef er ence. Such aperture/ beam expander systens generally accept a
col i mat ed b&aawirtbat whenl apsuliitientlyasroall pinheledd placeduin.the pathuofian yabearated t he

beam i s passed_t hrough an erture.to filter out aberration ener Lch is
ropor 1 bnal Pyah 24EAVaR AR AR istolrBesatie 5L AT e AsTRcadbenti e
filtered beagp tHeoaberaitioREhot passb@en expanded in order to restore it to the

w dth of the source beam = = As stated, such systens generally accept a
col | i mat ed beam inriame egisting interéerometer systems, a beam expander has been used to

remove aberration from the beam used as a reference. An existing interferometer
system is described in “A Phase Measuring Radial Shear Interferometer for Measuring
the Wavefronts of Compact Disc Laser Pickups", B.E. Truax, Proceedings of SPIE—
The International Society for Optical Engineering, Vol. 661 (1986), 74 (“Truax"). In the

system described therein, the interferometer is placed at the output of a laser beam

source. A beamsplitter splits the source beam into a test beam and a reference beam.
An aperture is used in conjunction with a beam expander to remove aberration from
the beam to be used for reference.

Such aperture/beam expander systems generally accept a collimated beam input
and produce a collimated output. In such systems, the beam is passed through an
aperture to filter out aberration energy which is proportionally greater away from the
center of the beam. The resulting filtered beam, now narrower, is then expanded in
order to restore it to the width of the source beam.

As stated, such systems generally accept a collimated beam input. Since the

beam is collimated, its energ;l is not as concentrated in the center as in a focused
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beamis collimated, its energy is not as concentrated in the center as in a
focused 2 beam. In a 10%
aperture- 10X beam expander system the apﬁrture has one tenth the dianmeter
of the beam Thus, the area of the apertufe is approxi mately one hundredth

f th t h I Wa 10% t t d
26 1ypi cai 1y By 10k RSB WX brsrLeRaRd YR, U Rpafire s ARl B 1 he
beam does noiidpgssr éﬁlﬁe Besh! tl'h@s & hieadir aéé?ﬁﬁels P&&rﬂX&R} &féeﬁwﬂdrb&ﬁ’(er |

limt on the power |evel of sources whi ch can teste n suc
syst ens. of the area Qyﬂteemgiw dreape d WhenTsuchxa 110%3 aperurebsysterarisl used as

beanspl | ¢t or ORI, M eealmalSy bedey SisedlBy ol of feeneiy pemed 'nﬂégse not
i nt er f er encepasy the'dpeftlire. hﬁu@?@ﬁﬂ@ss?fn eheYdyififccs B ar Ilr;qrﬁ%n'tﬂé Fe@%?of

pattern is anal yzed to generate data repréesenting the epartu
source beam fheosaurees which can bedested in suchi systemsiav ef ront

mist be 1 ocont | JIA SRR CE TP i (ot er et ald B %rwtqeéfer g

order to chefismothe bsait egparidecam te@ﬁﬁibﬁfeddﬁ ﬂl@bé’éiﬁé’ﬁﬁﬂér 8hd gbﬁealb?ta?%t of

el ements and the source, For exanple, in the systemdescribed in”Truax,
mrror is sl le@sesaad g miser tofosmasdnterigrancenatiea on thernjckupeofid video camera

fromthe nor YLCE: IS cused
onto the cen?ﬁ% ncq#‘%eggéur attfé gﬁ\g\ﬁhglgi %ﬂ&gﬂeﬁgﬁégﬁi@t&éﬂr%%fﬂg iﬂi% ar{"'ﬁ%oétggused
beam i s ref | sotred beagkfrdm tivat Wiictsprotiacss @nideglwalefrohtir ough al i gnment IenseS‘
to the sliding reror wher e Ithﬁl s reflected into the video canera.

i

LED i s used to if figadvantage oftheisystemedascabad ind rvaxs that the !"&,‘qu@fﬁetﬁfwﬁturs
during the tggrecddGIRRL © Lhiffbibht SYEb IR et LBER i lbstiotf] o i?:?@t@'c’h@@l‘?g ghi le

the pinhole 1s 1llumnate romthe tear so that the I mage o
pi nhol e overC@ly@cttthe ailgmgentodnct placérnentsafthe systepr eldoeats ayd tﬁws&!meceFdrO be

tested. Wh | h d | t of th
bath of 1 ho BEAMOARAS HEtT A8 LR InTRxdmited A P nce 5 black gkt Foras
Changi ng t hestHgiag tﬁ@%!@o @thfwfrémhé hbARATRItEctRIMEESE iR fedta ] fﬂa Heam from the

di sadvant ages of “i ncreased system conplexity and the inabilrty to
t he al i gnmensouree isdfogtraskento firg centehef asswiasmwhere arpinhple lics. f.ﬁrpottextofrtge

et wni criogrss SR B ek Riilbers AT ey Windr harineieres

si mul t aneoustothp stiding iniiGowhere it is reflected into the video camera.

An LED is used to illuminate the pinhole from the reverse direction as occurs
during the test. Elements of the system are then adjusted and aligned while the
pinhole is illuminated from the rear so that the backlit image of the pinhole overtays the
image of the focused spot produced by the source to be tested. When alignment is
completed, the sliding mirror is slid out of the path of the beam, and the interferometer
is reconfigured to the test setup.

Changing the test setup during the alignment operation has the disadvantages
of increased system complexity and the inability to permit the alignment to be checked
while the system is configured for testing.

It is, therefore, an object of the present invention to provide an optical fitter which
provides a first beam relatively free of aberration while simultaneously providing a

second beam which can be used for alignment observation purposes.



second beam whi ch can be used for alignnment observation purposes.

.3 A further object of this invention is to provide an, interferoneter
which has a micromrror for generating a %eference beam which is relatively
free of aberration present in the source beam Anot her object of the

bresent. | nvent i gngjdl SRl bF s Hyahib ' £ BRI an liErrSiehtePlunil ik Beed

not be altered during t al’t gnment™ opera ese an Jects

of the i nveniiceomitror for genalatindn referende béamhorhitieis relxfively fregiofraberation f or
generating a reference beamwhich is relatively free fromthe effects of
aberration iPregestdnthasogpbeame interferometer is used to create and
detect an interf éﬂﬁto : Iz 5

anal yzer. The Hﬁﬁég(ragﬁgéﬁﬁggi%%ﬁﬂ% onﬁﬁg%g?‘ggéeﬁ{‘%ﬁ%@é;%ﬁegﬁagﬁge& g a
sour ce beam ofrwhith heedmet soaltered durrg thecslignmBnheoperatiomt i nterferoneter is

provided with a_beansplitter for litting the sQurce beaminto a test beam
and a reference -'-E'Gﬁ%aﬁq'ﬁ@er phiects 9?@%@‘@!‘“ §"eé’r??{‘ﬁlij?c§?¥%ﬁ ﬁ“ﬁwfi‘ﬁ\é‘f‘gat h

of the test I | t G de o kLt er.
This mrror %an B@ﬁ%\fgﬁe@%ﬁ?ﬁgia{%ﬁﬁ%ﬁ@&w { heﬁgé;rgiect §grthe r{qes% gée%t%n for
varyi ng the gfateeratibntilne sbasde ieamm The indéderometdrds tibed fhereatefnd detect an

ref erence bea

A m ' ' I din,th th t.h f
beam-T or r ot NEEraNGe SHBMIPLAUBHL 70 NEHERDR: BIYRIT AnBes: (T iplererometer
beanspl i t t er acdoRfititd e Prasent inbetbridecBpls® Sourtd'bé 4 imstit frof a SBArdeiniePnCe

beam between the beansplitter and the mcromrror is used to focus the
ref erence betest. othepresentintenferametesis providedwith arieamsplittes forsplitting dlae souroe

| at eral di mgnsi on _whi gh does not, exceed the pr-oxi nat ateral_dinension -
of the cent ragadplS Bitest st BF PRTaeE) Yarthy e B espbfer s R dFERE e
beam f ocuseddispeseriimn the palte of frRUBENBeAR 6iSreflddtingl thé e8¢t bediniTBask Bwdrl thée
mcromrror is preferably about one third of the |ateral dinension of the

central | obebeamspliilers gRiS mirrar¢ar Asinavabledongitsidinay, with resnect txthedgsthaam ence
poart onea DRSBTS A8 BBt bearl il 401Rl HRATEHIné RGELRE e

posi tioned be rror o resen

i nvention, havi dgmitrérailoeitplaczddn tee pathbf the refeaendetseane forrefledting e pdrtibie
focused reference beam al so serves as a ? atiél filter for reducing the
effects of aPdhe mfesRce Heé"bt&&gm the beappgplifter. { ocusing mieans, suslu A adeds. in

hvend: ' o1 PRl BrTRO RO b t0S5edtheBLEREhSnaey fERior itscd
to focus the reference beam onto the micromirror. The micromirror has a reflector of
lateral dimension which does not exceed the approximate lateral dimension of the
central lobe of the spatial intensity distribution of the reference beam focused thereon
by the focusing means. The lateral dimension of the micromirror is preferably about
one third of the lateral dimension of the central lobe of the spatial intensity distribution
of the focused reference beam. The interferometer preferably includes an alignment
detector positioned behind the micromirrgr.

The micromirror of the present invention, having a reflective area smaller than the
central lobe of the focused reference beam, also serves as a spatial filter for reducing
the effects of aberration in a beam.

The filter includes a reflector having a lateral dimension which does not exceed

the approximate lateral dimension of the central lobe of the beam focused upon the



4 reflector. The lateral dinmension of the reflector preferably does not
exceed approxi- mately one third the [ateral dinmension of the central |obe
of the focused beam The pr esent |n\4ent|on al so provides a nethod for
filteri ng a beam The beamis focused upon a reflectlve transm ssive

f t ort i on
|S§|r ngcgut Si dgé-nie rcgg{erlg lQ{( |J(i)%ﬁ°'liPs8 a'%fslen‘ﬁ{t g{r&%ﬂg%%%ﬁ?f%?éqggﬁ P8y .
portion does mabe(yenedblcd tlieda@mlrdunemlbmof ﬁ‘eefeatraﬂbb@bﬁttﬁffoaisédﬂﬁearﬁent rﬁ'

| obe of the spatjal intensit tribuytion of the focused beam
di nensi on of Ito hehﬁi?fFF'%‘Pf In %F g Pravidesa meffind fop filkeringsmbeam; rhedicamnis

fe b
i st buth on ey PP el ano@isSivdeuiaBe " TR EICIRE of The Bl s 1
accur acy andreflectadswhile alfloth}aeporhgh Mm%dutsmeathel ta:legtramdrﬂem @tﬂadagnlstbng I ITglre
f ti ecied t er ecte
sorTon ot PRATRABHEY Pl i oL il ok Aot e
reference beashiralfdbiemorthé epatatintendidiffibiion!df ik foklisépbesthl i on Wi Il yiel d
a reference beam of greater intensity. he m cromrror functions as

and provides, a Wgdimgnsion pf e partiantrefiecied lsaneﬂecaﬁ(wabmd\oneethlrd of td latdrald

bearm pOr {1 ONghR, Pogf B fhe liab R, o 8 o i, el Py tinedostidhunlts e
recei ved by appretia@dbythosdsigNabihithe aftXRatane accuracy“atﬁﬂ?hmuyl‘cb"ftié }e?IEHeHg a

beam according to the present invention, permts a portion 0 ered
beam to be rRRAMAE fluences by the rdimepsien oft thenperiion selected: taﬂlémelﬂqlmdn ts

the pointin tem

ntert er oot SCr 3 SRERD nolonTot cdonin RRES IRSPE Bbatki@o FF 165 Soebites
the wavef r onteferense beam) whily Selerting a largen poRtibafer fefidciorPail yisiata pifeldh@e

I nterferoneter according to the present invention includes ‘a beansplitter

for splitti r&,e%me tealeriRignsiint 0 a test beam and a reference beam an g
0k 0o e, TN B e AL EORE T i PR i HaRBTR
devi ce, a miprevides aoeflected bsanh por?m kﬁm‘gﬂ gg aa';n m&(;mbﬁg écl)%gi‘fneﬁ'gmg ewvlfhc%
ind &t ocusiHRSTABan iR Lrfresh Beamiie (o5t peamh. Shd ANETPEVEEPRRRRARTS been
the beamspl iretéived by ahl‘ﬂg%@ﬁpéﬁsl‘e[—@’t,on%%ﬁyed for focusing the ref er ence
beam on the mcromrror. Accord
A method for fi iltering a beam according to the present invention, permits a portion
of the filtered beam to be received by an alignment observation system. The method
permits the pointing and alignment of a wavefront measurement system, eg. an
interferometer, to be monitored without a change in the configuration of the wavefront
measurement system.
One preferred embodiment of the interferometer according to the present
invention includes a beamsplitter for splitting a source beam into a test beam and a’
reference beam, an imaging device for detecting an interference pattern, a mirror
disposed in a path of the test beam for reflection of the test beam towards the imaging
device, a micromirror disposed in a path of the reference beam for reflection of a
portion of the reference beam toward the imaging device, and a focusing mechanism

disposed in a path of the reference beam between the beamsplitter and the

micromirror, employed for focusing the reference beam on the micromirror. According



to one aspect of this invention, the mcromrror has a lateral dinension
-not exceeding the approxi mate | ateral dinension of a central |obe of the
ref erence beam focused thereon by the foc?si ng mechani sm whereby the test
beamis reflected by the mrror and a portion of the reference beami s

reflected byg{ ) e
refl ected port %ﬁgﬁﬁéﬁ%z&@?gﬁ\w é%&ﬁ({@?ééf%tll ncr upon&q% @Qal ng
device and f thenagproxiamits fidal dtnterusfoeurdfm:eemmt I(ﬂfdbﬂtheﬁ'eﬁrenc"éf&aih%wsed g
enbodi nent of the present interferoneter further i.,ncl ude an alignnment

det ect or di stheeaan bydhefecusing meehanism M\ereby Vthe test bgamgs a%ﬂmewx themistater
aspect of th&ncg’ e@ﬁ%g'éirt {étﬂefa?enéeh &m' i€ n e%écfﬁ?ttge |nc hgf é&ﬁf £k

reduci ng effe ion'In a eam glal! Iector

di sposed uporeflected test beamrendiths eeflsatsdeportiornef thefréfenérme Heam ard bt limdident
di nensi on not exceedr ng the_ approxi nate Iate[@é nsr on of a central Iobe
of the spat i #pon fedmaging dpvice 2 forg Breapwadledy fhargen. Th

reflector.  gphoy &%&QBQWt Bftﬁ@%re@@ﬁ%tﬁ?éﬁe?&ﬁé’t& fhflh r h@M@BtanQIHrH&&e 'S

di scl osed the eamin a wavefront neasurene stem
Thi s met hod detecfof dispbsed betuhdrtlmntch&nwmeps of focusing the beam

reflecting a first portion of cus this f orti
CONpFi Si ng a celf Agpordanss ‘Hﬁh ﬁB?t?'E ﬁ%‘&ﬂ; HE)#‘PWée%ﬁ%FWQP éh r&t’%lpé‘?"'ded a
di mensi on of g @at&@trfefﬁlr réditihgicbi%or abafkradn ih BibeaHI. [thi t@rﬁh&&&é&% éi{?f:fg?e

beam when focuse transmt ng a second portion-of t beam an
second porti duaposad upbnma trangparentdraseyiregeiothe reflectdr hake lfateraltdrmensmmot

Further objects ne resent vept lonto e,t her | H?\ﬁ?ﬁ'f | ti org.a eat ures
cont 11 but | ngStRERBESNE ABPEXPIHIe IEHE! dnhslRe renyel B g

from the fol §igiblforf66tk ibebrPac@eugdrethe réfétanbodi ment of the | nvent I on.
which is shown in the acconpanying draw ng, wherein: Is a

schemati c bl ock Ascargiingiogfet anothae asrest ef isdnventionr t&erﬂngtdbsqlmdﬁhemthod
Lnvention; ¢ gudd 4ngt e§e .hgf’."sao@aa%f&né?% éé&?e:ﬁ&f’t Géyﬁ enh. ”‘Fr‘ﬁflssh'%tfuo‘b‘ géédrﬁ’c‘éfrf on

for both nonaber rr an erra eans:

| ogarit hm c inclpdestrtsiepsasf fedusingehe bearhedaﬂectm\gesfrst ﬂamdrr ofithd fodused Beadh,
Wth reference nowto Fig. 1, there is shown an interferonmeter, 10 for use

in taking neddsulirehpeRtien &PW’@@G&@W@@P“&O&QQ &xceedling the appyoximale dajetale
I nput of thegimension of a central lobe of the spatial intensity distribution of the beam when

focused, transmitting a second portion of the beam, and this second portion including
a portion lying outside of the first portion. .

Further objects of the present invention together with additional features
contributing thereto and advantages accruing therefrom will be apparent from the
following description of a preferred embodiment of the invention which is shown in the
accompanying drawing, wherein: T

Fig. 1 is a schematic block diagram of an interferometer according to the present
invention;

Fig. 2 shows a plot of the spatial intensity distribution for both nonaberrrated and
aberrated beams; and

Fig. 3 is a logarithmic representation of the plotted curves illustrated in Fig. 2.

With reference now to Fig. 1, there is shown an interferometer 10 for use in taking

measurements of a source under test or “SUT" 12. Coupled to the input of the



6 interferoneter 10 is a beam 14 from subject under test 12. The output of
:the interferoneter 10, as conprised by an al i gnment signal 18 from an

al i gnnent canera 20 and a fringe signal froma fringe canmera 24, forns
the inputs to a vvavefront anal yzer 16. W hin the subject under test 12 is

a point source radiation 26, a collimtaor 28, and an_e 30 whi ch
forms a beani® 9@@&3‘?'5? i$ 8¢ Beam s figm fubleptundesttest 12 b)étfl‘ﬁ P'-{tn%f tee '

subj ect unde, térféfﬁém%(%r 10, asp 5&1@8 nggig' a*h@ﬁ@&éfgs'@{g?tlg rfroi'rpah %ll@g 1 Mérﬁt er

32, a reference pa en's 3 a test
mcromrror 2é¢.andma ﬁmgetsigname fairm grfrings cameee24,i fgmad therlapatéuoea waliefedntcan

be a video canmera and ich is i Ienented the present e nment.- as
al i gnment caf@alyzesolo. o Mithin the 'ﬁ!ﬂ Gt rger S@%ﬂgl 'starﬁ Qﬁﬁ%‘gpe\ﬂzbrﬁ‘ﬁaﬁ%zﬁl 80 be

a video Cam&@gﬁgﬁ? Saﬁzﬂ 8n ekt P}ﬂé‘ il 86 Which f%ﬁps a bea ltdré'?&r &t |sh[hg§tg18'l 21’

beansplitter Itst bea 4eX|t|n rom-t | ect under
into two beawiith eflhesheap‘aemlmgamesubjmdndentestelaance path beam 42. The test

her cupon 1 i < WERRdee FRIomeRs ThHs Hosamshiies 38, Sieiarehol BrihBns o alr ooy
to the fri ngm@l&’i@s@%tegﬂﬁtﬁ ﬁﬁr\’&%eﬂ rﬁt&éhtrﬁﬂm Q&éﬁbl‘oﬁnét@%ﬂgﬁrﬁéhﬁﬁﬁgéy

the image lens 36 to forman iImage of the exit pupil 30 on thé fringe
camer.a 24. Tsignaldranssducer which dasabe azvudemvemraaam} wtmi‘mSt implervented! intther 32

and is conve ere th Ien mrror .44 The

di st ance betﬂ%@% {)%BBB@M fy FF %@‘@HE’? %“E%}ﬂ%‘ﬁm% 6qna§§ap§ducer
preferably chhigRRah@iRbEh vided caintdra 8éh b@thaelﬁngéb@mbmpl itter 32 and the
mcromrror 44, so that the beanms returning fromthe test path mrror 38

and the ni croni Asdliusiratestin Ficgh di bratesplifiens3 wtq‘thﬁ Rgamctdryitingfron the
For analysi SuidbeiRE o bl GiHs, 0L pot{iiant 26 ah B RAIEE RSN 1o 1HES

energy only Mbmtmbeaﬁnﬂoatkawv frbaﬂthn‘ bémsﬁlmteumdtdoMearphmIMW 38‘,|e
remai ni ng ene to pass_through a transpar ent__base 46 and an al i gnnent

i mage | ens 4‘8“?%”9%“!%’?%% adkdadhebeamsplitt %’é%qr@ﬁe@@tﬁﬁ therrbyitaths Enge
path Iens 34 SR, THE rEflcid LA bEARs HintepySa by R FgRlere o (¥pRA "3
whi ch i magesan imagxof thpugxitipupd 30 mindhe fringe! cakmera @4 (The réfereme pathdean?42
travels away from the beamsplitter 32 and is converged by the reference path lens 34
upon micromirror 44. The distance between the beamsplitter 32 and the test path
mirror 38 is preferably chosen to equal the distance between the beamsplitter 32 and
the micromirror 44, so that the beams refurning from the test path mirror 38 and the
micromirror 44 and incident upon the fringe camera 24 are phase stationary with
respect to each other, and can form interference fringes for analysis by the wavefront
analyzer 16.

The micromirror 44 reflects energy only from the central portion of the focused
beam, and allows the remaining energy to pass through a transparent base 46 and an
alignment image lens 48 to the alignment camera 20. A portion 50 of the reference
beam 42 which is reflected by micromirror 44 is collimated by the reference path lens

34, passed through the beamsplitter 32 and the image path lens 36 which images the

exit pupil 30 onto the pickup of the fringe camera 24.



7 The alignnment canmera 20, together with the alignnent inage |ens
48, is positioned behind the mcronmirror 44 and the transparent base 46.
Light fromthe reference path beam 42 which strikes the transparent base
46 but not the mcromrror 44 causes an 7mage of the focused spot al ong

wth aresultin shadow caused by the mcromrror 44 to be cast upon the
al i gnnent camergr hep alignment epmers 29 tegrthen wifhl thesalignmant jomager lemst 4@, is

of  Che i cr ot roget G TR ictbaitfpr 44 and Bie okt 1e e BonE O

and the resuteféereges pattibsanrd@ atlichstrikes Wﬁsfpér&fr baékM@ Bet it Mie nitdrBMfirRsE t he

di spl ay may just the S|t|on of the-mcromrror 44 or other elenents

i ncloudl ng t hgg%‘l'ﬁ%&" gof thefocusedspohalong with e resulting $E@ﬂg>vp©al;ﬂfddy the i
hori zont a| ' ” pat eam upon the
m crom r?‘or 44 gd?eratﬁl Y, Euﬁn%mng‘gqélphtlﬁ%{\{e%@é%%er 10 are adjusted for

sone standard cdnei ahgonnent sigrad rf 8 tisveutpof frdm P@e ﬁfgﬂlmﬂnt gantmerﬁ %@io tﬁhﬁctuﬁtfgbzct
d t 1 t Th i nti of the ect under tes can
bo ot ust ed By VIR ofiRops i raeRat B picromIBpEd4- Mostor B2 iapiase cespsanizage
ce

col l'i mator 2§kthé foclkbd sp& ﬁaﬂﬁéﬁsgﬁtiﬁg gﬁé@cgh E%ﬁ?suégﬁﬁﬂir&ﬂ(r}d?%k A}F Sratdr

pointing and alignnent can be o out any ¢ ange I n
t he confi gurdewing tbe display may @dist thel positidrcofithe mioromirtorcéd ob ethep efdmerts ed

h | | t
gﬁo? g?ll ? Logr %‘ﬁ%@n \s/vrlyg ‘ths‘eéﬁ?stsigcﬁor g%égg‘ﬂ%ﬁtéa\égﬁ ﬁggé'fqgaﬂie'mwﬁ?h s a
listing of calignemesitt Snd foutisingl Sfthe GefErBcd pathbeavisualon, !hb;'l;ﬁﬁ:r%rﬁﬁ*ﬂﬁm@ of

being used to build the spatial filter and interferoneter e present
i nvention. Generaliy elements ofinterferpmetar d0mre adiustetddfor some Sgimlardaomchtlor;sf
t he, ects

f nce b 0
of aberrati Aok HebRingly SRR HE s ileb bRt G 11 o s, e, Boinki
m cromirror ofstheleebjecmtdéaeésthvdahfbd &djested ¢ midvirg the pibmt source 26 Falt&all?
curve 202 rgpr esents the spatial intensity distribution, expressed as

intensity vetildlLespasitodhe collimater2& Iyl aefa@@me@ér@m toe %wregosr;g t@tﬂ??m
' SO at a
Deak |t ens ouRGtFoindaRP AR B HRLeLRdRMAR A biBou iy ey

occur at fi rte configuratiorpafi intesfe@ihfietant.2 1 Rlicratnisor K4 @an baTorstacted B?hny of
r first nulls. The spatial intensity distribution of

ff
Che nart bor SRvBe obimy pipces ek, alish ab, sebat(s AN Angrphotolithography on

transparent substrate such as glass. Appendix A is a listing of components, including
commercially available items, capable of being used to build the spatial filter and
interferometer of the present invention.

The function of the micromirror 44 is to generate a reference beam from the
source beam which is relatively free of the effects of aberration in the source beam.
The selection of the size of the micromirror is described below with reference to Fig.
2.

In Fig. 2, a curve 202 represents the spatial intensity distribution, expressed as
intensity versus lateral coordinate, of a focused beam which is free from aberration
effects. The nonaberrated beam is pointed and aligned so that a peak intensity 204
occurs at a centerline 206. Minimums of intensity 208 occur at first minimum points
210 and 212, also known as zero order diffraction minima or first nulls. The spatial

intensity distribution of the nonaberrated beam 202 also displays second minimum



8 points 214 and 216. These mnimum points are also known as first order
~diffraction mnim or second nulls. The relatively high intensity area
bet ween the first mninmum points 210 and 212 defines a central |obe of the
intensity distribution. The lateral dinmen8ion of the central lobe is
defined by a distance 218 between first mninmumpoints 210 and 212.
General |y, tpeintsad 4 and 316etbesmmiimunepaialstare pispdpewsras first efder diffraction

intensity distrl i Je estimated mat hematically, given such factors
as the nurrerﬁ%g'hgla%gggoﬁdzﬂ'g “the focusing I ens and the wavel ength used.
Al ternatively, e refatiesiphigtiinensitycired betwadentthe fiest Miniadunh pbints210 ad 212
determ ned enpiricall g from neasurenents taken_of simlar sources and the

particul ar ofgfines Llobe of e inteasivdistributigng The Jaterabdimensioapfile caetralr ea
between firs ] LS C Al Mg , £ 6
respectivel yl.bb rfga%ggg&tangégaag‘g?f%@egg@é%% %g%ﬂﬁ?%%@ %éé ;2'?21-
concent r at edGeneralhg tieelateral dilehsion of thef cenéral lobe ofithesspatialintbmsity distribulion

between first mninmumpoints 210 and, 212. latively little ener ljes in
oF ol abes. DoeALhRICHAAIE mAtheqralisali obieD SuFb ok 85 i pupricel FaREite of e
distributio ; #ﬁ% ' i S : fd A56h -
aberration rk]fr?g&v\%ﬁ%fseﬂg%ﬁng% 'S l%\@ptﬁﬂg?d.aﬁtﬁa;t{vi@ ggﬂ{géﬁlsegﬁs'ah% bea%‘iesOfthe

i ntensity dicantiabikbe can deb detenminednempinioallyi fram swaburements faken ofiisimitas

sonmewhat to one side, .On the o site side, the intensity of a sidel obe 236
remai ns rel atqUesS At é}arE%ﬂpcfpﬁgs Pﬁ?‘gnsi ty of the sidel obe 220 of the

nonaberrat ed beideldta 20N 222RE defRdDY théalh betiden filstinfiingur pbiee2 AB6 of
t he aberrated beam having cona than the sidel obe 220 of the nonaberrated

beam Fig. 32%thand seconshminimym pointsR1ds 1 saspentively. t inea fasased nonaberratedy
s . _
The enor gy st of (RPARRGY ELGfbohRamuTN d Bthedy RERB oo GPHR ofEd.

limt on theundeseunid 202 begehfirstyniafmur points 21N 2$2 e Reldtivelyi littd ohergy

energy is too great. the aberrated beam cannot be focused to a sufficient
degree to pe‘ﬁ?i"’t‘slq?g’b@ﬁﬁz@oﬁ“ds%?@t-emto resol ve properly. In the present

i nvention, the %&&mﬂﬂqoﬁfs éhél %;ﬁgsu ity e@trib%ki?ﬁ ok ook SeBERNAURIR

reference beamwhich is relative ree fromthe effects erration
present in tdisplayaa partibdantypd btatemationrknoven asidomaisThib typeiof abietrationedduses

g 25; gg ggga]at'hgﬁ?qagﬁ‘s tin gngi yn(ti{s?rgbuligr? ?o %]:acérng Ho%ts?rplfr{e ca ISLSJ(t:l'Ii Iﬂ?aL{t i{ %nét?i%eé he
somewhat to one side. On the opposite side, the intensity of a sidelobe 236 remains
relatively higher than the intensity of the sidelobe 220 of the nonaberrated beam.
Therefore, more energy is present in the sidelobe 236 of the aberrated beam having
coma than the sidelobe 220 of the nonaberrated beam. Fig. 3 shows a logarithmic
representation of the spatial intensity distribution of both a nonaberrated beam 302 and
a beam having coma 304.

The energy contained in the sidelobes of an aberrated beam place an upper limit
on the resolution capability of the optical system. [f sidelobe energy is too great, the
aberrated beam cannot be focused to a sufficient degree to permif the optical system
to resolve properly. In the present invention, the micromirror 44 is used as a spatial
filter to generate a reference beam which is relatively free from the effects of aberration

present in the source beam. The micromirror 44 must be sized to reflect energy

contained in the central lobe of the intensity distribution of the source beam, while



9 permtting the sidel obe energy to pass by the mcromrror. Therefore,
the mcromrror 44 should have a reflector which does not exceed.the
approximate | ateral dinmension. 218 of the_central |obe of the focused
beam s spatial intensity distribution. 9 The reflected energy fromthe

mcromrror 44 forns a . reference beam which i.s rel atlve free from
aberration. Remytiagthe sidelebe enargyinrassbythe glcreminpie Jhgestare, the igremirror

compari son .4 HERPHLIYD (dHRRIck e ded ddi BxSA ML AR GRrlient A
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It will be appreciate actitioners 1on o
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LTS s SRS e S
poi nts 242 B%’fé;bg &)Y!?@Sa toh,g &b réiin rlh@%bﬁécﬁ' ﬁHﬁthH&lQPGf i éfled@q and

curve 230 of t aV| ng em)nstr tes that energy
present in geﬁbséo@gbeaﬁ |l§ormnpl(cdidreoftth& mictomirtoe 44 ia rasninterferometesfoftthe

<1 mul + ancoud PHERIRBEOt 1 pes dung ot hsalyBad OFf BeRfoerpardd powd pearm

42 upon the pd sélvéateﬂrsbt thae iy &t&hwumn%réﬂ)ofqhe tnliierohmrage mr@e&ﬂw& Q/EE an
interference pattern which exhibits a nunber of frlb‘g fFrln ge canera 24
@Gq

detects an idiagetasof theecentrahlpbe of e spatiabintensify elistsi the facysed bean: i cal

analyzer 16 igeticedtienEinsIOTT a0 24 & IOREE itotd) DnthntE2aa %),
used to noniis alsotrgreskniedBynintersectioni pints @42 fantl 1244 bebirear thergpatial infsnsity
into the interferoneter 10. This arran errent Berm ts an gperator to correct

resi dual fi rSEPHEAN PHveR202:Ang euaie 230af s aberedrbaam @M@pe@qm@ndﬂw est
12 with resQféfﬁﬁsﬂ}afe!%ﬁ%éé%ﬁ%%r@ég& F'lrsuilé?ob f% |¥"ﬁ¥ﬁfeﬂé’&%%@ﬂéﬁ iror

oper at es upon t map and neasure the wave qual ity
of the subj dsof thedsnallee pteféifed dimerisiin 2#0.t 0 an i deal i zed vvavefront as

represented b ference, be Wavefront ,anal yzer. 16 c
ol omont ed by LY AP0 B !, TIPS TR 6 oSt P beg
devices. Thed sadife RfHBAte gathieam kP apbh HWFicRABIR séfarh®ifarked) of the

fringe camera 24 forms an interference pattern which exhibits a number of fringes.

Fringe camera 24 detects an image of the fringes and converts such image into the
electrical fringe signal 22 for further transmission fo a monitor 56 and the wavefront
analyzer 16. Monitor 56 displays an image of the fringes. This image can be used to
monitor the alignment and pointing of the subject under test 12 into the interferometer
10. This arrangement permits an operator to correct residual fine error in the
alignment and pointing of the subject under test 12 with respect to the interferometer
10. The wavefront analyzer 16 operates upon the fringe signal 22 to map and
measure the wavefront quality of the subject under test 12 in relation to an idealized
wavefront as represented by the reference beam.

Wavefront analyzer 16 can be implemented by any computer such as a PC, and

appropriate interfacing devices. The fringe signal 22 from the fringe camera 24 forms



10 the input to a video signal digitizer (not shown) for interfacing into
the PC. Any standard video signal digitizer such as the "M Vision 1000
Frame Grabber" available from MJ Tech wil] performthe necessary
digitization of the fringe signal 22 for Wnterfaci ng into the PC. The PC

[ h f I 16 hen operate upon_  the digitized im
signal to or & SRS 4 Hilen oAl @izes (Mo QI BF ditedaciog JelernetRC. abmual
b f
onalysor 16 oAy viag shatdigicrettich Seind MRAGE 7008 Bime Grant BliBBle g
t hrough a di gnogl_mIM(Ar'\Edohgwm?mﬁxrmethecm?sfaqtdlgwmﬁdg ?anmfzﬁgbfggz ggr -
| at R, [ rQvij 0

| : L:ngl ?eg[l or'f‘ cing,in %&Eﬁ’%ﬁtﬁ‘g egqavg aé@ryzse&ﬂpa@thw oRRIAtekRAns ﬁf .

| ess than ongne\diy ﬁh@d‘ﬂﬁagg Sighato éréatétata eé&i‘ﬁ&t tb%%ﬂ%% i !

respect to the reflect erence beam portion
wavef r ont fr@ﬁttlahbe&mwayefrommmaéeftthekiaahned:)mfemad@beatm nterfere with the

wavefront of th di fferent phases

h f |
of the beamso a ayg ?’gﬁ it ref encﬁﬂ'ggé : OrEﬁ'ﬂ‘ife";anﬁ"lﬂ"tPﬁ@e test path ons
bet ween the iviftor 38 throligR aP&}gﬁél éﬁbﬁod‘@&ﬁ«ﬁér@?%?d’&idtzs@nbwh? and"? gfét}f\?,a Jikefe 1O

pI’OVI de wavefront measurenent data for the beam roprfate s rels
provi-ded to §andater PZB54. IP@'r@slémqw@&tth&ﬁh%ltesbpatbimtrb&&mthé dirattion

h f h
Pt opagat es wet e BRohaSHhG iy OFRG ek Boart o B kohabfi frtess odh Al vaiproth ©
addi tion, dasa asdpvasethie ptasthf thetdstbeam 40 with eeép@uf tbetheqeﬂéét@a? fefitce' N
terms of mathematical functions known as Zerni ke p %nom als is SO

produced by BERMAQTHEN 8P dm this yraywieawayssiont ft@moﬂ'gusu jestiunderfgst 1;2 gambezz

| e, r
::g(rjl gg? gr; '? he ?‘e%rence the@é@é@e ﬁ%@%@%&&@?@ﬁ%ﬁ%ﬁbr&@g & 3¥ER on
z = AX + By dxﬁerenﬂmasles af thiestednn 8o et teSotrh @ momNconipletd fepréddntatidhCofBiak
vaI | ey, and pea and the residual fit root mean squared
(rms) error. eamé &?ﬁ\y‘?ﬁ@h??‘ﬁ%a referenced to a pl anar vvavefront Is al so
provi ded wi th e Peelor afle \gdiehohP Bndyod 96 A8 Skl Solp Johda%%kgﬁ@d or

factored out. In addition, the neasurenent data re to a s
wavef ront al B@aswemenédata fbattedreahnrAppmpeatbaoﬁware pCpmmd@d td fenarbedatad

ol udes a 1 ABISTEARY FeNEalT] & 1hE WBHFIE Prb30Bles: Tash Uip v et tost 12
with respect to a wavefront which propagates with perfect planar, spherical or
cylindrical geometry. In addition, data representing the variation of the source beam
wavefront in terms of mathematical functions known as Zernike polynomials is also
produced by operation of the software upon the digitized fringe signal 22.

For example, the measurement data referenced to a planar wavefront indicates
the difference of the observed wavefront from the plane equation z = Ax + By +C. The
data also indicates the x and y axis tilt; the peak, valley, and peak-valley values; and
the residual fit root mean squared (rms) error. The measurement data referenced to
a planar wavefront is also provided with the observed variation due to x and y axis tilt
subtracted or factored out. In addition, the measurement data referenced to a
spherical wavefront also includes a factor for the spherical power of the observed
wavefront. The measurement data referenced to a cylindrical wavefront includes a

factor for the astigmatism of the observed wavefront.



11 Wil e this invention has been described in detail with reference
'to a certain preferred enbodinent, it should be appreciated that.the
present invention is not limted to that ,greci se enbodi ment. Rat her in
view of the present disclosure which desddibes the current best rmde for

of P i
P harmel ves t ot MBUE by Biverhon ho% beeh dbseilit i defl Wil eleiRnssnt o BEEIR .
and spirit Ofrefcied dmbefithémit sHdudd Eéﬁﬂﬁeéiﬁteﬁhﬁat'tﬁé’ﬁ%&bﬂﬁn\ie?moﬁ kseﬁ&mﬁfued

indicated by the fol lowng clainms rather than f oregoi ng descri ption.
Al | changes, toftmafiprécisa emhediment! Rathegin wmoéttmmgsentdtschsuﬂeeumdades@baad

range of equgval enc e.clai consi der th|n heLr scope;
APPENDI X A IL\JF#‘E ey ﬁh“?l'?e&} "PHF ontpelind eryé‘f ofl; ’E?“’Ql"egﬂ'&?%\%' seng s
Cards: 1 wdhit présent iMelfisaives tol#idSe bf Slilin the art without departing from the scope |
Grabber (for the fri nge canera)

Kei t hl ey, Drmdospitirofithig inengon. Bbeasgope of the invention is, therefore, indicated by the

gggprgl) t ICQ f}owﬂé cP Hs pill%} tP{é)A B}‘?ﬂ\% foregoing descgpho%lhchwa ﬁgdfufﬁuorﬁ, o

format  PZT and variations coming within the meaning andlrang&of g§icalBhey &F tR4 kidifs ke

m cron piezo translator PZT

Hi gh- Vol t agdobgmengidered within their seapgt ec PI, P-261.20 OEM anplifier

nodul e Opti cs: 1 1" diameter, 3/8" thick,
(mounted on Test path mrror the PZT, novenent of this
mrror is APPENDIXA used for phase shift)

Micro Mirror Interferometer Parts List:

Computer: PC,PClbus Cards: 1 MU Tech, M-Vision 1000 Frame
Grabber (for the fringe camera)

1  Keithley, DAC-02 Analog output board
(05 volt input for PZT high voltage

supply)

Camera: 2  Cohu, 1100 RS-170, 2" format

PZT 1  Polytec PI, P-241.00, § micron piezo
translator

PZT High Voltage Supply 1  Polytec PI, P-261.20 OEM ampilifier
module

Optics: 1 1“ diameter, 3/8" thick, (mounted on

Test path mirror the PZT, movement of this mirror is
used for phase shiff)

50/50 Beam-splitter 1 1.5" diameter, 3/8" thick, (splits %

the light to the test path and ¥ the
light to the reference path)

Micro Mirror 1 20 micron chrome dot on a 12.7 mm.
diameter glass disk, AR coated.

Reference lens 1 200 mm fl lens ( used to focus light on
the micro mirror)



50/ 50 Beamsplitter 1 1.5" diameter, 3/8" thick, (splits 1/ 2
the light to the test path and 1/2 the

light to the reference path) Mcro Mrror 1 20 m cron
chronme dot on a 12.7 mm 12 di anmet er
| ass di sk, AR coat Reference lens | 1 200 mMm fl | ens
?used to foclmage %ﬁfw?gppge amera 1 - 330 mm fllens (images the laserne micro
mrror) : source aperturg on therfringel camera)
(Fringe Camera) 1 330 mmfl lens (inmages the |aser -

source apert Imagelens (alignmerd€amere)y a) | trag20Xemicr¢sopg objsttivetinmaiges the 1
20X mi croscope objective (imges the micro mirror and the focused beam-of
mcro mrror and the focused beam of the reference path, used to align the

the reference path, used to align the laser source to the interferometer)

| aser source to the interferorreter) Al'i gnment non 1

St andard B& (used i

for real ti Vnéﬁ%é\n ng 01‘0 al i gnhment 1 Standarq B&\{chmera n}omtor, (used
canera or fringe carera) for real time viewing of alignment 13

camera or fringe camera)



CLAI Ms: 1. An optical systemfor determ ning aberration in a

source beam by c T ' st beamwith a reference beam said
optical system cﬁ“'imlﬂllﬂ(!llmnra test source for producing a source beam
havi ng a spaci al #ntensity dsst#1 bution including an aberrati on conponent;
a wavefront analyzer for processing a fri nge signal associated with said
aberration conponent; and an interferoneter interposed between said
test source and wavefront analyzer, said interferoneter including; a

beansplitter for Cs‘pﬁ?ﬁi ng said source beam into a test beamtraveling
along a test beampath and a reference beamtraveling along a reference

beam pat h; : an i magi ng device for detecting said test beam and said
ref erence beam a mrror disposed in said test beampath, said
mrror reflecting said test beamtoward said i nagi ng device; a

mcromirror disposed in said reference beam path, said nicromrror
reflecting a portion of.said, ref ereniqe am, toward said i na&lggg devi ce;
an alignnent detector hd\¥ epticabsystane iorretermining gberratondp 4 $ pgam by

detecting sai d abglh@drseR SFOARESEHdan WitbPh! (BTcFenc® bbaRISaliNEptRAl system @
pi ezoel ectric translator operatively linked to said mrror and controlled

by sai d wavefrontComeisiiGr, said nmirror thereby capable of noving relative

h h of said i ' ' | id
to the path of sai tgﬁsfe\ggg% gﬂ%roducu]gafs&?rﬂéhg&gal .é’bﬁé&?acﬁﬁtehg\gfa'

reference beampath b eansplfitter a cromrror
f ocusi ng sai d r ef distibotioinaluding anedbemation oomponent, said micronirror having a

lateral ‘?” mensi on not ae'éf(ésgf%n?gangl}ger for processing a fringe signal associated with
said aberration component; and

an interferometer interposed between said test source and wavefront
analyzer, said interferometer including;

a beamsplitter for splitting said source beam into a test beam

traveling along a test beam path and a reference beam traveling along a
reference beam path;

an imaging device for detecting said test beam and said reference
beam; - '

a mirror disposed in said test beam path, said mirror reflecting said
test beam toward said imaging device; '

a micromirror disposed in said reference beam path, said micromirror
reflecting a portion of said reference beam toward said imaging device;

an alignment detector positioned proximate to said micormirror for
detecting said aberration component to optimize an image thereof;

a piezoelectric translator operatively linked to said mirror and
controlled by said wavefront analyzer, said mirror thereby capable of moving
relative to the path of said test beam; and

focusing means disposed in said reference beam path between said
beamsplitter and said micromirror for focusing said reference beam on said
micromirror, said micromirror having a lateral dimension not exceeding the



14 approximate | ateral dinension of a central |obe of said reference beam
-as focused thereon bylﬂmﬂmm)m&ul]ﬂumans so that when said test. beamis
reflected by said mr ion of said reference beamis
reflected by said mcrém fror, "ai’d feflected test beamand said reflected
portion of.said reference beam are both i nci dent upon said i magi ng device

formng an. interference pattern thereon, sa#d interference pattern
including a plurality of fringes which are converted into said fringe

o e 1 Y ureher | RaRQERTHY eiSial dimension ot e detfirel Riterd seld RérEiERBE B3GR a%dt °

said (r]I ef | ect edI befooused Hasrdon bygsdaitgfcd:amnf,;eneans so that C’vslfheﬁhsa(@néstCI@éat;nlsy§t ]gm
accordl ng to claim rein,sai i ezoel ectri t,ransl ato IS Ca e 0
Tt ng. g 0 1+ ofSTReHYEAN BES, 4Pk i PHUSRohsHH TR e e doBRCtd o
than one wavel engb? saf mitedipor, Vs”el‘d/ réfivétéahﬁwbéém %ﬁu%akfﬁéﬂe%a%dﬂnérh of

respect to the reflected portlon of said reference beam

optical system ac&aiddeiesence heam aedalinincident upgrisaié imagiea deyier mgegn with
the reflected por Hté’r‘?er@ﬁcesﬁétférﬁ ﬁfe‘?é&i‘%&" dt?@%ﬁén%\’\ ?ﬂé}h%@&dzﬁ ag)iurgl'i fofr ent

phases of said test beamto thereb brow a co ete repre tation of
vari ati ons bet weefringes whigh afetceuvqjtadtmforsaﬁfngae angne&wrm@amdm said
source beamincl uding said aberration conponent. 5. The optical
system accor.ding to claim1 wherein said test source includes a collinmator

for collimating said sauTheopticalisystéra acodardingao emmduutd:herlimmm@enaaager
being directed t hEens or ?o%ugi)é\g sanu Pesk bgétgva{n sai reﬂ%cie% beam orsloslézl'iclc ?maging

device.

3. The optical system according to claim 1 wherein said piezoelectric
translator is capable of moving said mirror relative to séid test beam path"in
increments of less than one wavelength to thereby vary the phase of said
test beam with respect to the reflected portion of said reference beam.

4. The optical system according to claim 3 wherein said test beam
interferes with the reflected portion of said reference beam over a plurality
of different phases of said test beam to thereby provide a complete
representation of variations between the reflected portion of said reference
beam and said source beam including said aberration component.

6. The optical system according to claim 1 wherein said test source
includes a collimator for collimating said source beam, the collimated source
beam thereafter being directed through an exit pupil provided in said test

source.



