ADJUSTABLE OPTI CAL TEST APPARATUS | NCLUDI NG | NTERFEROVETER 57%1%{ ﬂ-l*(;

M CROM RROR AND ALI GNVENT OBSERVATI ON SYSTEM This inventi sef ptesy

3 . . . . -k o %?{,‘ﬁ(‘l)
to optical beamtest systens, and nore specifically to an interferonete
having -a mcromrror for nmeasuring the qrality of an optical beam .
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beam a rel ati vebgverhlegsteresenist Somextrauiirera keferense bearatiront a beemeastar shurce
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t he Wavef r ontrefersncedigaat froli the beasesonithg kropsthe sBuiee 0 bedestedr Gomeditingsa of
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wi th a beam égpesdeEan.o Freqventy,sbpinhaleiip useéd tnprovidetmotaference beamahitivis
reference. relatively free from the effects of aberration present in the source beam. it is well
known that when a sufficiently small pinhole is placed in the path of an aberrated
beam, a relatively clean beam is preduced because most of the energy present due
to the aberration is not passed.

In some existing interferometer systems, a beam expander has been used fo
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 beamsplifter 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 oufput. 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 coliimated beam input. Since the

beam is collimated, its energg./ is not as concentrated in the center as in a focused




Such aperture/ beam expander systens generally accept a collimated beam

I nput and produce a collimted output. In such systens, the beamis passed

through an aperture to filter out aberration energy which is proportionally
greater away fromthe center of the beam2The resulting filtered beam now
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correct the alignment and placement of the system elements and the source. For
example, in the system describea in Truax, a mirror is slid into place fo block light from
striking the video camera from the normal direction used in test. The beam from the
source is focused onto the center of a surface where a pinhole lies. A portion of the
focused beam is reflected back from the surface and guided through alignment lenses
fo the sliding mirror where it is reflected into the video camera.

An LED is used t{o 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 backiit image of the pinhole overlays the
image of the focused spot produced by the source to be tested. When alignment is-
completed, the siiding 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 filter which
provides a first beam relatively free of aberration while simultaneously providing a

second beam which can be used for alignment observation purposes.



source is focused onto the center of a surface where a pinhole lies. A &
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beamsplitter. This mirror can be movable longitudinally with respect fo the test beam

for varying the phase of the test beam in relation to the phase of the reference beam.

A micromirror is placed in the path of the reference beam for reflecting a portion
of the reference beam back to the beamsplitter. Focusing means, such as a lens, in
the path of the reference beam between the beamsplitter and the micromirror is used
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
detectof positioned behind the micromirror.

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 iobe of the beam focused upon the



according to the present invention accepts a source beaminput froma
source under test. The present interferonmeter is provided with a
beamsplitter for splitting the source beaminto a test beam and a reference
beam The interferoneter has a mrror di sﬁosed in the path of the test beam
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beam of greater intensity.

The micromirror functions as and provides, a spatial filter which simuitaneously
provides a reflected beam portion known: as a reference beam for interfering with a
portion of the unfiltered incoming test beam, and a transmitted beam portion to be
received by an alignment observation system.

A method for filtering a beam according fo 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, e.g. 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
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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:

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
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fromthe test path beam 40 travels from the beamsplitter 32 to the test path mirror 38,
whereupon it is reflected back to the beamsplitter 32 and reflected thereby to the fringe
camera 24. The reflected test path beam is then focused by the image lens 36 to form
an image of the exit pupil 30 on the fringe camera 24. The reference path beam 42
fravels 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 returning 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.



foll owi ng description of a preferred enbodi nent of the invention which is
shown in the acconpanyi ng draw ng, wherein: Fig. 1 i1s a schematic
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then the pointing and alignment of the subject under test 12 is adjusted. The pointing
of the subject under test 12 can be adjusted by moving-the point source 26 laterally
with respect to the collimator 28. It will be appreciated from the foregoing that the
source pointing and alignment can be observed and adjusted without any change in
the configuration of interferometer 10.  Micromirror 44 can be constructed by any of
several known processes, such as selective blating and photolithography on a
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 dispiays second minimum



whereupon it is reflected back to the beansplitter 32 and refl ected thereby
to the fringe canera 24. The reflected test path beamis then focused by
the inmage lens 36 to forman image of the exit pupil 30 on the fringe
canera 24. The reference path beam 42 trafels away fromthe beansplitter 32
and is converged by the reference path lens 34 upon mcromrror 44. The
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fromthe reference Rcith beam 42 which strikes the transparent base 46 but
not the nicr SAYPFDAND heRRMlelarpicHls’d-of the focused spot along with a

resul ting shadovgiﬁé\ué Wadd o8& § fgrbgrthe%eéBemeﬁﬂ&wgn@prdmn@bmmm

camera 20. e al1'gnment si gna s output fromt I gnnent camer a
20 to a noni 262 abd skoond einifuoepdiot 294, Ridrespedctivelyn e @t foctisadnonaberrateidr r or

SEOLAAR B i e R TR DTN
under curve 202 between first minimum points 210 and 212. Relatively little energy
lies in sidelobes 220 and 222.

A curve 230 shows the spatial intensity distribution of a focused beam which
displays a particular type of aberration known as coma. This type of aberration causes
the beam's intensity distribution to become nonsymmetrical such that it is shifted
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. If sidelobe energy is too great, the
aberrated beam cannot be focused to a sufficient degree o permit 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



viewi ng the display nmay adjust the position of the micromrror 44 or other
el enments including the subject under test 12 so as to ensure correct

poi nting, horizontal alignnment, and focusing of the reference path beam 34
upon the micromrror 44. Generally, elenehts of interferoneter 10 are

adj usted for some standard conditions, then the pointing and alignnent of
t he subj ect padmttlngém sidélobs eaeigy mss byithe pidgrominiog  dherefase dhejneicrominaer

test 12 db th 26 | | | h.
eapect tot A BN TRl aresstor el freb Rupretihg Befr s e aiisgBiony
that the souhgg opie/tdnfiai BBE oflheToERAH Heaf é)@;aqaﬁﬁrewswy@@ﬁbaﬁwst ed w t hout

any change in the configuration of interferoneter 10. 'Mcromrror 44 can be
constructed by drhe reflested anargydiranthemintenisios 44 forots asferenes beaw which isng

0P TTAE o PO R ebb ARG TR SRk b Bnsd Byt e bR TR0 ARBTHT 0 .
of being Usefbrfo@rﬁbﬁhé&x foP enesdafinghbdridtioR in thethdafi Rorh el otedeLindYr tédte present

i nventi on. function of the mcromrror 44 is to ﬂenerate a

ref erence beam fltwﬁhbew@pmat@bbmldledm@ﬁon@s fhat thei rastion 9fteebeamsplectets ect s

of aberratio sQurce ti :

m crom rror F°§ @%Cg l?i sb%fég ﬁﬂ}"f@ﬁg?@ tﬁ%gg@ cﬂa&&aﬁ@ﬁ!ﬁéﬁﬁ@ o?fﬂPé R%egted
curve, 202 r epsfeeAbé behie S&aép fcatidi eMNiet iicfbnsitrof Mﬁn an mterferomﬁ%aﬁ&e
|ntenS|ty versus | ateral coordinate, of a focused beamwhich is free from

aberration ePfesgatinvengian, HU??&B@@F‘&Q‘E\Q thatdhe partion piihe Beamde B‘P refiestedshorat a
peak intensi B%! soRERCES it Hhe éa'néfl&g &QFS Mms %Bohﬁ&ﬁé'ghttdythéos

occur at first ‘mninmum polnts own as zero or
diffracti on dianeter afithé cersttal llnﬂelm'thé' bpatimp e nsity distribution pf thedocudedtbeam.of

e e a2 e b7 e S e i 2. R EgE
is also represented by intersection points 242 and 244 between the spatial intensity
distribution curve 202 and curve 230 of the aberrated beam having coma. This
demonstrates that energy present in sidelobe 236 is not reflected when the micromirror
is of the smaller preferred dimension 240.

With reference again to Fig. 1, the simultaneous incidence of the test path beam
40 and the reference path beam 42 upon the pickup (not separately marked) 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 to 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 operafor 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



m nima or second nulls. The relatively high intensity area between the -
first mnimumpoints 210 and 212 defines a central |obe of the intensity
distribution. The lateral dinmension of the central |obe is defined by a

di stance 218 between first nini num pointd0210 and 212. Generally, the

| ateral dinmension of the central |obe of the spatial intensity distribution
can be esti mifteinpvhinarvidee siang! digitizen (o showal fosiatefacing dnta the rPGalAny

aperture of f{ ' . €, & - ativel.y., the

Rteral o mosergn RO Hondl il shoteed B WANSRA B Bt cReRR! Haipls,

f rom measur efreni MU Jeeh vifl perfoith ahe wRUESR8y digitizhtion PRI GigRr sigRall 23 farsed.
Si del obes 220 and, 222 are defined hy the area between first m ni num points

210, 212 ang IndQreasing IfoihendiG pBianb's i the wavpfrontanalzer J€ican then %Pﬁratﬁlmmb
ot ned by 8 aguZimall sktAl 6 5 o EAREFALE e RirkrhsE fihGm g °°.

212. Rel ati vettyal bédm wraedfesrd and itiest of thesitgsiized esferdnte B88mM222. A curve

230 shows the spatial intensity distribution of a focused beam which
di spl ays a part iWayeffont ppalyaer Hheentels e nlacsment and sravemant of theptesbpath

aberration cgk 4 it ' ' ' , .
syt ot a8 BitpdaRa) ditdt s dorfedde A (b btiohn} S plezopieotic
opposi t e si dianddter (PR 641 PYT 6# isprovided ttoaorBfie ltestrnab'thsnirrefd 38b inthé yﬁrﬁ&t@hfer
than the intensity of the sidelobe 220 of .the nonaberrat eam Therefore,
roce ener oy e blheSaRtna e LiaTes BeEm AN BT e P an one WAy HA09 Rg
cona than th ' g}r@gﬁf gp'ga QL.

| ogarithmc %g?ggﬁﬁgpggﬁaﬁ OEE\S tgpat I a a?ktﬁgr{gl ty ti{shttgrrfﬁ%?%ﬁéfgfe%cgt h a
nonaber r at edbéaraposiith ahdlnathiscaay, the wayeftantdrogOthe subject Thderdest {8/ cambeai ned

in the sidel gb f b ted b i mit the
Bsol ot on ca08 1 fatEerR Wil fedaveiont BLRE e Red Rirenbt phitbhg ot sever)
great, the afifiefent BRafQN thahRan ffal eFivath mr@cmgre'tec}e%ésé#ﬁ&roﬁeofttﬁe

permt the optical systemto resolve properly. In the present invention,
t he mi croni ryasiatiaas betwgsadheivaa spatial filter to generate a reference beam

Source beam - Thif BPof M Ma et s B PectdiNar8 do "R RERG, ekl ned
in the centrmbadurbmenf ddth dorithé 8BSt Wpptspratestiinaite Rf protided RIb&erbRaBta Whi | €
representing the variation of the wavefront propagated from the subject under test 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 aiso 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 {ilt
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.



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 |l ateral dinension 218 of the central |obe of the focused bean s
spatial intensity distribution. The 1lefl ected energy fromthe
mcromrror 44 forns a reference beamwhich is relatively free from
aberration. TherWhile &is inkention das heentsiesasibaghintdetaib with asfesensgstiosa fogrtain

Tt o 11 bo P aRREHbbRRRLlFRMPE: BlhrbHRH R PR BB S oGl
beam sel ect et thatpre€isé eaibbaimepk.aRathar, roliéw bfithd preveni disdigsurd FhRAGsaMEsand

intensity of the reflected reference beam For application of the .-

m cronirror ¥ queahbestmadedeprasticingthe dnvention seaity medifigations and varationseen
found that t ' : . ected so
that the I at g'rsgp%rééér?g'gtsh%kﬁgg s?‘ﬁ@%ré gfr%ﬁ% 'E'?'E)ér g’??&ﬂ%@%%ﬂ'é‘gﬁﬁﬁh‘% %f’é’%e -

di aneter of ambspidnofithls ivintionS Thoecopadfithd invehtusis | tiedifere] inbithtedbyothet he

f ocused beaB This distance is represented by a distance 240 as il | ustrated
in Fig. 2. Dolewingslamerataerdhanby thefacegringdissgrintione Allchangss, pidificatioas and
244 bet ween j b jot ' | [ ; 2 of

t he aberrat emazﬁqaﬁgs\?ﬁmgﬂé mtn t%%lmse% gg‘ﬁoqﬁgt@gqéégﬁgt% f%r‘fg r%ggl%gé%@esﬁ%gi n

si del.obe 236toike comsidesdd withiadheihsoopehe micronmirror is of the smaller
preferred di mensi on 240. Wth reference again to Fig. 1, the

si mul t aneous incidence of the test path beam 40 and the reference path beam
42 upon the gRPpENDIXAOt separately marked) of the fringe camera 24 forns an
interference pattern which exhibits a nunber of fringes. Fringe canera 24
det ects an iMegeMitortlnterferamefesPantsilisbnverts such image into the electrical
fringe signal 22 for further transmssion to a nonitor 56 and the wavefront
anal yzer 16.Cdmpitenr 86, BCEplaysCardsi mage adfUtTeehf Mivigiea . 1000iFsarBage can be.
used to nonitor the alignnent and pointing @.fabbéﬁ(f@—qbéﬂﬁfge%ﬂ%}af est 12
into the interferoneter 10. This arrangenent permts an operator to correct

residual fine error in the alignment ang p%&%ié@@Dﬁb-éé‘ﬂnéﬂ@oﬁﬁ&utBBQ:%( t est

12 with respect to the interferoneter (05 volt input for PZT high voltage

supply)

Camera: 2  Cohu, 1100 RS-170, 15" format

PZT 1  Polytec PI, P-241.00, 5 micron piezo
translator

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

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

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

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)



10. The wavefront anal yzer 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
anal yzer 16 can be inplenented by any congd@ter such as a PC, and
appropriate interfacing devices. The fringe signal 22 fromthe fringe
canera 24 f olmege lens (Fringe Camera) 1 330 mm filens (images the lased0  t he
input to a video signal digitizer (not shovgjuréespdriirebhaite filmgeamerdle PC.
Any standard video signal digitizer such as the "M Vision 1000 Frane

Grabber” avainh el gns (At CamBrapt || par T of H‘lﬁoélﬁ s% cﬁv&gebéémé on of

the. fringe signa I nter |ng|nto mvoqfront
anal yzer 16 can then operate upon the di gl h‘lﬁ% rén % ate
data representative of the difference bet % E’gﬁ}ﬂu&% ront
and that of the idealized reference beam

controls the placenent and novenent of the test path mrror 38 through a
di gi tal anal dgnewabe1nder card (not showd) apandardiBsWenmera moniteq fusest or
(PZT) 54. PZT 54 is provided to nove the tdotreghtithe vewing of3gighmenhe
direction of the propagating wave of the tesmdieanfrigeicamenz)r enents of | ess
t han one wavel ength so as to vary the phase of the test beam 40 with
respect to the reflected reference beam portion 50. In this way, the
wavefront fromthe subject under test 12 can be nade to interfere with the
wavefront of the reflected reference path 50 for several different phases
of the beamso as to forma nore conplete representation of the variations
bet ween t he two. The PC of the wavefront anal yzer 16 runs software to
provi de wavefront neasurenent data for the beam Appropriate software is
provi ded to generate data



representing the variation of the wavefront propagated fromthe subject
under test 12 with respect to a wavefront which propagates wth perfect

pl anar, spherical or cylindrical geonetry. In addition, data representing
the variation of the source beam wavefront in terns of mathemati cal

functi ons known as Zerni ke polynomals is also produced bv operation of the
software upon the digitized fringe signal

measur ement data E€&A&MEmced to a pl anar vvav]e°’front |n ‘ﬂﬂ"ﬂ !" " rence
of the observed wavefront fromthe plane equation z e dat a
also indicates the x and y axis.til:t; the peak, vall ey, and peak vaIIey

val ues; and the residual fit root- mean squared (rne).error. Thé nmeasurenent
data referenced to a planar wavefront.-is.al so 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 neasurenent
data referenced to a i Qeird c d factgr far the
astigmatism of the obgelr v@g \%‘gﬁb‘{@\éﬁ 'éé?rgVS{eﬂl Wt S&EWPN %ﬁ"@gpﬂv‘ﬂn"ﬁ‘i on
has been descri besourpe deasi by womparnissheofem test beam with bakferenpechein eshid

enbodi nent, it sh ecl. at ed that the present invention is not

limted to that §¢*é°%f§§5‘%ﬁ§8 . Rather, in view of the present

di scl osure which descra teeSsoarb@f&WécﬁJ&tnng%ur@)S@nﬁ REviRG AcpatiaNfitdridfy

i nvention, many: ‘?iﬁ 1gatl s.and variations would present thensel ves to
in

those of skill udingan %&F?W ?Rj“ﬂqf@m the scope and spirit of
this invention. The scppavéforni @ga%,ﬂé/f B 'p%ebs‘in LIRR SigRal é%lgt:ﬁa%?egmpy t he

foll owi ng clains rat her than b egoi ng descr ption. anges,
nodi fi cations, aff \?H?"%i!qnd'r?@"@ﬁﬁﬂtngﬂ% thin the nmeaning and range of

equi val ency of the cl HrThtefefomdt®r iRRrSYaa baRiR Wd RALIsduR&! éndsﬁlgpe%ront

analyzer, said interferometer including;

a beamsplitter for splitting said source beam into a test beam
traveling on a test beam path and a reference beam traveling on 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 central portion of said reference beam toward said imaging
device and allowing an outer portion of said reference beam to pass
thereby:;

alignment image means for collecting and detecting said outer
portion of said reference beam so that said micromirror may be adjusted
relative to said central and outer portions of said reference 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

approximate lateral dimension of a central lobe of said reference beam



APPENDI X A Mcro Mrror Interferoneter Parts List: Computer: PC, PCl bus

Car ds: MJ)-Tech—M-Vi-sion—1000 Frane

G abber (for t he ' 1
Kei t hl ey, DAC mﬁmal m oard

(05 volt i nput age

suppl y) Carrera 2 Cohu, 1100 RS-170,
[err]" f or mat 14 1 Pol ytec PI,

P-241.00, 5 m cr on pi ezo
translator PZT Hfefused thergan dypsid, focusing means so thgt yhea said test beamde OEM
anplifier |
1" G aeter, ST R ISR A PR poryn of (RS BronkB bl i
t he PZT, novenent reffectdd by saidr micrénsirror, said reflected test beam and said reﬂect'ed
g}sgd I ﬁlr CEhafgpfmpngt{ogr%%/a?dD rel?eergrqgesl?eant\ ta:% both incident upon sald zmagmg d%v%enfhgr ’
light to the test feradity a:lildwt{a@éréﬂ\cé pattern thereon said interference pattern mcludln%
light to the referenceg}g Mcro Mr

plucaliyy o

m cron chrome dot @ riges which are converted into said fringe signal by said

di aneter gl ass di gKagifdRdenaded. Reference |ens 1
200 mm fl lens ( used o focus light on

the mcro mrror)

20

2. The adjustable optical system according to claim 1 further
including a monitor for receiving said fringe signal, said monitor for
displaying an image of said interference pattern including said plurality of
fringes, said image allowing an operator to monitor the alignment and
pointing of said source beam into said interferometer so that corrections to
residual fine error may be made.

3. The adjustable optical system according to claim 1 wherein said
alignment image means includes a transparent base positioned adjacent
said micromirror, an alignment image lens, and an alignment imaging
device.

4. The adjustable optical system according to claim 3 wherein said
outer portion of said reference beam is focused as a spot onto said
alignment imaging device and said micromirror causes a shadow to be cast

thereon so that said spot and shadow are thereby detected.

5. The adjustable optical system according to claim 4 wherein said
alignment imaging device generates an alignment signal associated with

said spot and shadow.

6. The adjustable optical system according to claim 5 further

including a monitor for receiving said alignment signal and displaying an



12 Image lens (Fringe Canera) 1 330 mmfl lens (ihages the | aser
source aperture on the fringe canera) |nage |ens gnnent Caner a) 1

R [T

the reference path, used to align the

| aser source to the interferoneter) A] gnnment nonitor

St andard B&W canera nonitor, (used .

for real time view ng of alignnment

camera or fringe HBage @fjsaid spot and shagiow sesthat an operator viewing said image may 13

adjust positioning of said micromirror to correct pointing, horizontal

alignment, and focusing of said reference beam relative said micromirror.

7. The adjustable optical system according to claim 5 further
including a monitor for receiving said alignment signal and di'splayiﬁg an
image of said spot and shadow so that an operator viewing said image may
adjust positioning of said test source to correct pointing, horizontal
alignment, and focusing of said reference beam relative said micromirror.

8. The adjustable optical system according to claim 1 further
including an image lens for focusing said test beam and said reflected beam

on said imaging device.

9. The adjustable 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.



1. An adjustable optical systemfor determning aberration in a source beam

:by conparison of a test beamwith a reference beam said optical system

conpri si ng: a test source for producing a source beam having a

spacial intensity distribution including an aberration conponent; a

wavef ront anal yzer for processing a fritnhge signal associated with said

oo o e ABOsRAbLE 280 ca : AT | B SIS RN LUDING! RRSEAFhROMETRR Sai d
an

test source ROZENDS ALEGAERT f GEONEY 2T 10N G SHEny; a
beansplitter for splitti ng “sai d source beaminto a test beamtraveli ng on a

test beam pBITRACT OF THEMIBCEOBURELravel ing on a reference beam pat h;
an i magi ng device for detecting said test beam and said reference beam

a mrror slb@yé@ferﬁméﬁrdnql@céﬁs peearmgpiittar fos apliting 2 source éﬁa@dﬂﬁorﬂgt%éb@laft”‘est
beamtoward aid |rra devi.ce; mrrar, di sposed.in sai

ref erence Bgéﬁf Eﬁr%n A 'F@ﬁﬂgrqﬁy'cteZ?f %%?&WQ ap ‘Bg#ﬂ‘%ce;?@rﬁ?frbﬁ B %ai d-
reference G%@B%é&meé Satﬁ%f%é EBOHEHIN 117 VMR iGN Bf ﬂ\b't@%ﬂéﬁnﬂ%m@kﬂ%uﬁ%@?ﬁgon of
said reference beamto pass thereby; al i gnnment i mage neans

col | ect i ngdavide,cetniromitgpr sispdsediine patbrof trevefdrence hharefmweﬁa:o@ob@am so t hat
said mcrom.rror f@&? Q_j“SSte rel t| ve to aal d central and oué r,
portions oPPUQN@! 1N iEiIRp %%{PT¥° The imaging,deyice, gnthadAeusipE MESBNSM sai d
reference BRARQPIN f&ﬁu’é?ﬁ%%ﬂe ?éé@n@@ﬁ@?rﬂ'dn%@?mé‘r@%r?&* ‘*h@rﬁl&%:ﬁb%ﬁ@r
f ocusi ng sai d reference beamon said mcromrror, said mcromrror having a
| at er al di ladersl dimensionawt exctieding the approximate fateral dimension of a central lobe of
the reference beam focused thereon by the focusing mechanism. A spatial filter for
reducing effects of aberration in a beam includes a reflector disposed upon a transpar-
ent base wherein the reflector has a lateral dimension not exceeding the approximate
lateral dimension of a central lobe of the spatial intensity distribution of the beam
focused upon the reflector. A method of filtering a beam in a wavefront measurement
system is also provided. This method includes focusing the beam, reflecting a
particular first portion of the focused beam, and transmitting a second portion of the

beam.

FIGURE 1



approximate | ateral dinmension of a central |obe of said reference beam

14 focused thereon by said focusing neans so that when said test beamis
reflected by said mrror and said central portion of said reference beamis
reflected by said micromrror, said reflected test beam and said refl ected
portion of said reference beamare both incident upon said i nagi ng device
formng an interference pattern thereon, said interference pattern
including a plurality of fringes which are converted into said fringe
signal by said imagi ng device. ‘; The adj ustabl e optical system
according to claim 1 further including 2 nmonitor for receiving said fringe
signal, said nonitor for displaying an i mage of said interference pattern
including said plurality of fringes, said inmage allowing an operator to
nonitor the alignment and pointing of said source beaminto said
interferoneter so that corrections to residual fine error may be nade.

3. The adjustable optical systemaccording to claim1l wherein said

al i gnnent i mage neans i ngj udes a transparent base positioned adjacent said
mcromrror, an alignne i mage |l ens, and an alignnment inmaging
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devi ce. 4. The adjustable optical systemaccording to claim3
Wwherein said outer portion of said reference beamis focused as a spot onto
said alignnment inmaging device and said micromrror causes a shadow to be
cast thereon so that said spot and shadow are thereby detected. 5.
The adjustable optical systemaccording to claim4 wherein said alignnent

i magi ng device generates an alignnment signal associated with said spot and

shadow. 6. The adjustable optical system according to claim5
further including a nonitor for receiv?ﬁg sai d alignnent signal and
di spl ayi ng an 15 i mage of said

spot and shadow so that an operator view ng said i mage nay adj ust
positioning of said mcromrror to correct pointing, horizontal alignnent,
and focusing of said reference beamrelative said mcromrror.
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7. The adjustable optical system according to claim5 further including a
.nmonitor for receiving said alignnent signal and displaying an i rage of said
spot and shadow so that an operator view ng said i mage may adj ust
positioning of said test source to correct pointing, horizontal alignnment,
and focusing of said reference beamrelative said mcromrror. 8.
The adj ustable optical system according to claim 1 further including an

i mage |l ens for focusing said test bedMand said reflected beam on said

| magi ng devi ce. 9. The adjustable optical systemaccording to claim
1 wherein said test source includes a collimator for collimting said
source beam the collinmted source beamthereafter being directed through
an exit pupil provided in said test source.
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