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BACKGROUND OF THE | NVENTI ON Field of the Invention

The present invention relates to interferonetry, and nore
specifically, it relates to high accuracy diffraction interferonetry.
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The present invention relates to interferometry, and more
specifically, it relates to high accuracy diffraction interferometry.
Description of Related Art

5 Interferometry is the preferred method to measure the
performance of optical elements and systems. In this method the
wavefront of light reflected from or transmitted by the optic to be tested
is interfered with the wavefront from a reference surface, to produce an
interference fringe pattern. These interference fringes are then analyzed

10  to ascertain the performance of the optic. For high performance imaging
systems, such as those found in lithographic steppers used to make
integrated circuits, this interferometric measurement must be made to
ever increasing accuracy. The accuracy, however, is limited by how well
the reference surface is characterized. Reference surfaces are typically no

15 better than A /50, where 4 is the wavelength of visible light, and thus
are the limiting factor in fabricating higher performance optical systems.
Therefore the fabrication of high accuracy optical systems, such as those
needed for extreme ultraviolet projection lithography which require an

| accuracy of A /1000, are impossible to qualify with confidence using
20 existing interferometry.

SUMMARY OF THE INVENTION
It is an object of the present invention to provide a phase
shifting diffraction interferometer having A /1000 accuracy.
25 An interferometer is disclosed which has the capability of
measuring optical elements and systems with an accuracy of 4 /1000



are the limting factor in fabricating higher performance optical systens.
Therefore the fabrication of high accuracy optical systens, such as those
needed fwowutsnme ultraviolet projection |ithography whi ebT/U8sEtse®s an
accuracy of [err] /1000, are inpossible to qualify with confidence using
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| NVENTI ON It is an objegt of the present invention to
provi de a phase shifting diffraction interferoneter having A /1000
accuracy.
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The interferometer described in this disclosure has the
ability to achieve this extremely high accuracy by eliminating the
reference surface and substituting an essentially perfect spherical
reference wavefront generated by the fundamental process of diffraction.
15 Whereas current interferometers illuminate the optic to be tested with
an aberrated wavefront which also limits the accuracy of the
measurement, this interferometer uses an essentially perfect spherical
measurement wavefront generated by the fundamental process of
diffraction. The invention maximizes the signal-to-noise and permits
20 analysis of the interference fringe pattern using standard phase
extraction algorithms.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows an embodiment of the phase shifting
diffraction interferometer. | | |
Figure 2A shows an embodiment of the interferometer
25 plate shown in figure 1.
Figure 2B shows an embodlment of the interferometer
plate shown in figure 1.
Figure 3 shows an embodiment of the interferometer plate
shown in figure 1.
30 Figure 4 shows an embodlment of the phase stuftmg
diffraction interferometer.
Figure 5 shows a magnified view of the fiber end shown in
figure 4. ' '
Figure 6 shows the elongated end of the fiber shown in
35 figure 4. o



The interferoneter described in this disclosure has the ability to
achieve this extrenely high accuracy by elimnating the ref erence
surface amgosmieti tuting an essentially perfect spherical pcr/usIs/Esker ence
wavefront generated by the fundanental process of .diffraction. 15 Whereas
current interferoneters illumnate the optic to be tested with an
aberrated wavefront which also [imts the agcuracy of the
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Figure 5 shows a magnl Vi ew 0 figure 4.

Figure 6 shows the el ongah8dNaIRY COMPORents l?értﬁgﬂ?ﬁﬂﬁ‘ Fﬁndgwmnggmtz@sare
WO 96/ 17221  the light source, intensity and contrast controls, and the phase shifting

PCT/ LSS5/ 1?(? 74mc;dule. Referring to figure 1, a linearly polarized collimated beam 10
from a light source 12 (e.g., a laser) passes through a variable neutral
density filter 14 which is used to control the light level to the
interferometer. The beam 10 then passes through a half-wave
retardation plate 16 which produces two orthogonally polarized beams,

15 beam 18 having vertical (out of plane) polarization and beam 20 having
horizontal (in plane) polarization, both beams within beam 10. The
angular orientation of the half-wave retardation plate 16 is used to
adjust the relative intensity between the vertical and horizontal
components of polarization. Beams 18 and 20 having these two

20 polarization components are then split by a polarization beamsplitter 22
so that the horizontal polarization (beam 20) is transmitted while the
vertical polarization (beam 18) is reflected. The transmitted beam 20 is
then reflected by a fixed retroreflector 24 back through the polarization
beamsplitter 22 to a turning mirror 26. The reflected beam 18 is reflected

25 by a retroreflector 28, mounted on a piezoelectric¢ translator (PZT) 30,
back through the polarization beamsplitter 22 to'the same turning
mirror 26 so that is it parallel to the other beam but laterally displaced
from it. Applying a voltage to the PZT 30 translates the retroreflector 28
thus shifting the relative phase between the two orthogonally polarized

30 beams. The two beams pass through a polarizer 32 (axis at 45°) to give
them the same polarization and are brought to focus, with a microscope
objective 34, on the interferometer plate 36.

Referring to figure 2A, the interferoineter plate 36
comprises a glass substrate 38 coated with a highly reflecting, low

35 transmission, metallic film 40, through which a circular aperture 42 has
been etched. The diameter of the aperture 42 is on the order of the




-3 - _ _ Figure 7 shows an enbodi nent of the phase shifting
diffraction interferoneter utilizing coherence | ength.
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point source reference beam, using the other focused beam. Because the
measurement beam and the reference beam are generated by diffraction,
20 they both comprise a perfect spherical wavefront over some finite solid
angle. .
Beams 18 and 20 are focused on the interferometer plate 36
so that they are both incident on the aperture 42 in the metallic film 40.
Both beams are diffracted by the aperture 42, producing two spherical
25 wavefronts that diverge as they leave the aperture. Each wavefront is
perfectly spherical over a finite angular range (defined by the diameter of
the aperture relative to the wavelength) centered about the illumination
direction defined by the lateral separation of the beams as they entered
the microscope objective. As shown in figure 1, measurement beam 46
30 illuminates the optic 50 under test. This optic typically comprises a
concave mirror and is positioned to focus the measurement beam 46
back onto the interferometer plate 36. Due to the finite extent of the
optic 50 and aberrations therein, the focused measurement beam 46 is
much larger than the aperture 42 in the metallic film 40, so nearly all of
35 the focused measurement beam 46 is reflected by the film 40 in the
embodiment of the interferometer plate 36 shown in figure 2A. In
embodiment of the interferometer plate 36 shown in figure 2B, focused



them t he sane pol ari zation and are brought to focus, with a m croscope
objective 34, on the interferoneter plate 36.
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substrate 38 coated with a highly reflecting, low 35 transni ssion,
metallic film40, through which a circular aperture 42 has been
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15 48, diverging from the interferometer plate, are collected by a spatial
filter imaging system which images the surface of the optic 50 under test
onto a screen (not shown) or onto a charge coupled device (CCD) camera
58. This guarantees that the phase of the interfering wavefronts at each
pixel in the CCD camera 58 has a one-to-one corrgspondence with a
20 unique point on the optic 50. It also minimizes effects of edge diffraction
from the optic. Aperture 54, at the intermediate focus of the interfering
beams, is used to filter out any light not coming from the immediate
area around the aperture in the interferometer plate 36. The CCD
camera 58 captures a series of interference patterns and transfers them to
25 the computer system 60.

The computer system consists of a cgmputer having a
monitor and software to control the light level and contrast of the
interference pattern, software to translate the PZT and thus shift the
relative phase between the measurement and reference beams, software

30 to calculate the phase at each pixel using the transferred interference
patterns, and software to display the resultant phage map. This software
for analyzing the interference patfern read into the computer can
presently be supplied by several companies. Zygo Corporation produces
"Metro Pro" software. Phase Shift Technology produces "Optic Code

35 Analysis Software”. WYKO Corporation produces "WISP" software.

The series of interference patterns that are transferred to
the computer are captured as the PZT shifts the relative phase of the




measur enent beam and the reference beam are generated by diffraction, 20
they both conprise a perfect spherical wavefront over sone finite solid
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WO 96/ 17221 This 1nterferometer is unique in that:

PCT/ U595101—t52% 4 The measurement btearél is ge:[nﬁrated by dlffralc?ord\ and is « perfect
measur emen is reflecte ver ges

coi nci dent m;f‘r@tmi W%Yee?%%iptﬁgéﬁwqi}# giﬁaltna? selid ang filg?nfdl%eds
aperture 42. bylthe sissof theeaperberenin/thesinterférometer ptate erelaewm t63the

opt cal pat nAvEretea B gt ARt ol AL R Ol © °
solid angles. '
15 b The reference beam is generated by diffraction and is a perfect
spherical wave over the same solid angle as the measurement beam .
c No reference surface is required for this interferometer.

Reference surfaces are a major source of error in interferometry and
ultimately limit the accuracy that can be achieved.

20 d The measurement beam reflected from the optic under test is
imaged back onto the aperture of the interferometer plate, giving exact
coincidence with the reference beam. This is the ideal condition for .
achieving the highest degree of accuracy.

e. The relative phase between the measurement and reference

25 beams can be shifted in a controlled way. This permits a series of
interference patterns to be analyzed to determine the phase at each pixel
position with the highest degree of accuracy. '

f. The relative intensities of the measurement and reference beams
can be adjusted (with the half-wave retardation plate) to give maximum

30 possible contrast. This produces the greatest signal-to-noise, necessary
for achieving the highest degree of accuracy.

Referring to figure 3, interferometer plate 37 may be useful
in certain circumstances depending on the optic under test. Here beams
18 and 20 each pass through a prism 17, 19 respectively, and are focused

35 by lens 34 onto two distinct apertures: aperture 41 and aperture 43 in
metallic film 45 of the interferometer plate 37. A tilt is introduced
between beam 20 and beam 18 by the prisms. The usable metallic films



perfect spherical wavefront. The detection system

consists of an inmaging systemto I mge the optic under test onto a
.CCD arr awoacit#22d. The i nagi ng system conprises a | eCTREBIS/AsR7apert ure
54 for spatially filtering the 10 interfering beans, and a |l ens 56. The
aperture 54 is |large enough so that It does not diffract the beam
focused through it. A typical size is 250-7- m croneters. The size of
the | enses 52, 56, depends on the size of the optlc under test.
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ref erence bea?résjihéﬁ#{e}few&egﬁ pl[até gZ'I culate the phase at each pixel using
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captured as t fibepirchosen: %)rtmexmxatﬁrmgepmmmf Fibes 68 is used for the
measurement beam 70. Fiber 72, transmitting reference beam 74, is
wrapped around a PZT cylinder 76 that expands with an applied voltage.
20 This stresses the fiber 72, changing its refractive index, and introduces a
phase shift relative to the measurement beam 70 from fiber 68. The
measurement beam 70 leaving the end of the fiber is diffracted,
producing a perfect spherical wavefront over some finite solid angle.
The solid angle is defined by the size of the fiber core relative to the
25 wavelength of light from the source 12. This spherical measurement
beam 70 illuminates the optic 78 under test, which focuses the beam
onto the end of the fiber for the reference beam. Figure 5 shows a
magnified view of the exit portion of fiber 72. Measurement beam 70 is
focused onto reflective metallic film 73 on the end of fiber 72, and is
30 reflected along the same path as reference beam 74. The rest of the
system is as in figure 1. This embodiment is used to test positive lenses.
Referring to figure 6, it may be necessary to shrink the core
diameter of fibers 68 and 72 to match the aperture size for the
interferometer. This is accomplished by heating and pulling the fiber.
35 For example, fiber 72, having cladding 84 and core 80 is heated and
pulled to produced a stretched portion 82 with a core 81 having a
diameter that is smaller than the unstretched core portion 80. Metallic
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i nterferwapshemis by 2 [err] radians. The interference paptenies shss
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contrast of the interference fringes. This information is used by the
conputer to adjust the position of fg@e neutral density filter 14 and
hal f -wave retardation 5 plate 16. A second series of interference
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series of interferometric measurement configuration.  If light source 12
15 comprises a short coherence length, the fiber lengths 68 and 72 must be
adjusted so that the optical path lengths from variable fiber coupler 66 to
the end of fiber 72 for both the measurement beam 70 and reference
beam 74 are equal.
Another embodiment of the invention is shown in figure
20 7. In this embodiment light source 12 has a short coherence length and
beams 18 and 20 are reflected back through the polarization beamsplitter
22 so they are coincident and collinear. Retroreflector 24 is positioned
such that optical path length ACD is equal to optical path length ABDED.
In other word, retroreflector 24 is moved to a position where the round-
25  trip beam path difference between the two retroreflectors is equal to the
round-trip path between the interferometer plate and the optic under
test. The optical path lengths of the interfering measurement and
reference beams are then the same. As in figure 1, PZT 30 can be
attached to either retroreflector. This condition produces high contrast
30 fringes in the interference pattern and eliminates any extraneous
interference due to light from the measurement beam spreading into
the reference beam. This configuration also eliminates any extraneous
interference due to light from the reference beam spreadmg into the
measurement beam.
35 Another embodiment of the invention is shown in figure
8. This embodiment is the same as in Figure 7, except that
interferometer plate 36 is replaced by single mode optical fiber 86. The



interference patterns to be analyzed to determ ne the phase at each pixel
position with the highest degree of accuracy. f. The rel ative

Jd nt ensi t Wes96il7221he neasur enent and ref erence beans:: AT/ GResAsy7ast ed
(with the hal f-wave retardation plate) to give maxinum 30 possible
contrast. This produces the greatest signal-to- n0| se necessary for
achi eving the highest degre& of accuracy.-g9- Referring to
figure 3, interferoneter plate 37 nmay be useful in certain

cI T oumst ancesyAeench BeMinidie LA AATES Lo ffs tHea! gmpﬁa;fose as 18 and

20 each pass t rlsm respective ocused 35 by

| ens 34 onto iWer G¥‘§%‘?W€tpla$?e3§ (Aneksis ’t‘dﬂ@e&@_ﬂ%@&%@r? uFRis43 in
metal lic fil nedbodimene is &iéﬁtftﬁ@ﬁimﬁbnnhé&@&? ofstics Isuchthapthégduced

bet ween beam ggnandtesecarznn o ¥r 1€ nq f 15 whene usabl.e nmetallic fi,lns

VWO 96/ 17221 ]uga o1mciae; 10r exa pie, measunng a concave mirror

PCT/ US95/ 185274t its center of curvature. -7- are
18 ar e Cyacal Ty Sopar af RS HGLE TS BRailsdh S tor SRS R bodE] |
typi cal angl e© 1186 Itipembedded laéahﬁtratg §8, Th@su@fagewf)ﬂ\elo to 60

prism 17 and is  focuse %ﬁ&a@\@@eﬁgﬁf?%{%e 43 l'k’r?](ll%ﬁgtq?)rﬁféﬁ% ter

plate 37. Theme&tahiayengo &t ed
from t est10pt lighb frone thé singlé inecde wptieslefiber86.oundi ng aperture 41 of

e foroneter it S?éa‘é‘*e’%nﬁ?drﬁd*ﬁ}ee??ﬁ%%@éﬁﬁﬂ G T
enmbodi ment i s1@sdhis embesimept i&amtba;rtnaﬁ;ggre gxceptthab beams 1§ and 28spect
to the interf grordlRtedbadiethkbugh polarization beamsplitter 22 so they are
parallel to and displaced from each other. Reflected beam 18 now is
15  reflécted from turning mirror 27, passes through polarizer 33 and is
brought to a focus with microscope objective 35, on a second single
mode optical fiber 87. The measurement beam 89, leaving the end of
single mode optical fiber 87, is diffracted, producing a perfect spherical
wavefront over some finite solid angle. After passing through the optic
20 92 under test, aberrations are imparted to measurement beam 89.
Focused measurement beam 89 is reflected by reflecting metal layer 90
on the surface of single mode optical fiber 86. It diverges and is
coincident with reference beam 48 that is diffracted, producing a perfect
spherical wavefront over some finite solid angle. For interference to
25 take place as described previously, the length of single mode optical
fibers 86 and 87 are equal and retroreflector 24 is positioned such that the
optical path length ACD is equal to optical path length ABF + GH.
Another requirement for interference to take place is that the
polarization of reference beam 48 and measurement beam 89 be
30 identical. This is accomplished by determining the polarization state of
each beam, and then physically manipulating the fibers until the
measurement beam 89 and the reference beam 48 have identical
polarization states. This embodiment is most useful when measuring
optics such that their conjugates are spatially distinct, for example, as
35 when measuring an imaging system.
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Anot her distinctive formof this interferoneter system based on

fi ber optic technol ogy, operates on the principles described supra.
Ref erri ngowe1fazgure 4, |ight source 12 is focused by | enspéPusssisaishe 15
end of a single node fiber 64. A variable fiber coupler 66 splits the beam
into two fibers: fiber 68 and fiber 72. The ratio of light split into each
fiber is chosen for maxi mum fringe contrasfg.-. Fiber 68 is used for the
nmeasurenent beam 70. Fiber 72, transmtting reference beam 74, is

wr apped around a PZT cyl QQﬁ{ .

This stresses the fi berA} &%ﬁnbhngn?{%&?lggraé M}eﬁ’? )%egg‘la%%é
phase shift r évmaV@emmormndm ep avereadescribeds other cmbodments

measur enent  bggigt 8 hRAKLAEMEREOL BENMEx hifrdis *aﬁa hé%éii\fef lefsés
producing a perfect sphg&@pal wavef r over He |d angl e.

niL.t
The solid angle i's defi nges apd mp I@P"F‘ﬁén g &Pectf élYQIeé'Fi‘ to the
25  wavel®ngemboidiinegts cdn bercaited out seithdut departinghfeoictte soopelofeient
X

beam 70 illu t. S

onto ¢ he end BV B fnERgdidBhA S feg“‘ﬁa&n?ﬁ SESEHs) %eﬁerid’%d
magni fi ed vi edladmst he exit portion of flber 72. Measurenent beam 70 is
focused onto reflective netallic film73 on the end of fiber 72, and is 30
reflected al ong the sane path as reference beam 74. The rest of the
systemis as in figure 1. This enbodinent is used to test positive |enses.
Referring to figure 6, it may be necessary to shrink the core

di aneter of fibers 68 and 72 to match the aperture size for the
interferoneter. This is acconplished by heating and pulling the fiber. 35
For exanple, fiber 72, having cladding 84 and core 80 is heated and

pull ed to produced a stretched portion 82 with a .core 81 having a

dianeter that is smaller than the unstretched core portion 80. Metallic
WD 96/ 17221 ' -

PCT/ US95/ 15274
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-8 - film73 is coated after heating and stretching and can conprise

any of the films described supra. One enbodi nent of the netallic film
-conpri se¥096/172213| yri num havi ng a thi ckness of 26 nanonet AG/USSFAE’¢ node
fibers typically have core dianeters of about 4 mcroneters. The 5

measurenent beamis reflected fromthe end of the fiber while the
reference beamis transnittéd t hrough the Ifti4 m amé diffracted, giving a
perfect spherical wavefront over the same finite solid angle as the
measur enent wavefront. -“Fhe solid angle is defined by the size of the

fiber core relati gth of light fromthe source 12. The 10
I magi ng, comuterﬁﬂﬁﬂm@g‘mﬂgm qui sition and analysis are the sane as
descri bed above. em optit approach has all the advantages of the
system descri bed above as well as the flexibility to independently nove

t he neasurenent and reference fibers to any positions to suit the

i nterferonetric nmeasurenent configuration. If |light source 12 15

conprises a short coherence length, the fiber Iengths 68 and 72 nust be
adjusted so that the optical path Ienm&dsom vari abl e fiber coupler 66 to
the end of fiber 72 for both the neas beam 70 and reference

beam 74 are equal . 1. A phase shifting/Adiffrhetior inetfessinieterf coinprisivgnt i on

cohet ence 1 ength and - mean%@a* ey SRg o BRGGely iRt (ERieedind SNV
pol ari zat i on ¢eherept beamrof light infotwo parallelaspatialiy\eepasatedand col | i near .

Ret roref | ect oprtRdebia oldﬂ’i&ﬂcoherent gggﬁstgfqy tical path length ACD is
equal to tical path ret‘éoref | ector 24

is noved tb a position mgf‘éf%g\fr%lﬁ‘ang aZBR“‘ﬁer hbtéﬁimeﬁ&tﬁ?‘ f¥Per ence

bet ween t he t parallel,rsp: aeihllycs‘ef)arated , erthegonhally pelarized colwvent beams pht h
bet ween the 'ﬁéﬁ feroneter ate and the optic under test. The
optical path gt hs of the interfering neasurenent and ref erence
beans are then the sanea pajarizerftoguientisaidi¥o3mraliel, bpatially separatedhed t o

el ther ret rorﬁf-thﬁgbﬁély p&a&xféﬁ‘%ﬁﬁ érefit BE&’&HQ&%%&Q%&%E Sﬁa%lleﬁo fringes

in the interferen |mna

i nterferedte eRAtially ﬁRﬁ?teFlv ifentical maﬂéﬁzﬁﬁ sreminbearms:Lfi lighti nt o

means for focusing said two parallel, spatially separated,
identically polarized coherent beams of light to a focal point;
an interferometer plate comprising:
. a glass substrate;
15 a highly reflective metallic film adherent to said
glass substrate; and
at least one circular aperture through said glass
substrate and said highly reflective metallic film, wherein said circular
aperture is placed at said focal point and has a diameter of about the size
20 of the wavelength of said coherent beam of light, wherein said
interferometer plate diffracts said two parallel, spatially separated,
identically polarized coherent beams of light at said focal point to
produce a measurement beam and a reference beam; and
means for focusing said measurement beam onto said
25 aperture and said highly reflective metallic film, wherein said
measurement beam and said reference beam combine to form an
interference pattern.
2. A phase shifting diffraction interferometer, comprising:
a light source for producing a linearly polarized, collimated
and coherent beam of light;




the reference beam Fhts—eenfiguration also elimnates any extraneous
i nterference due to Imﬂmmromthe ref erence beam spreading into the
L

nmeasur enwo odazs 35 ,ul’umumm;ot her enbodi ment ofpctriesok/ssent i on i s
shown in figure . nt is the sane as in Figure 7,

except that interferoneterspléte 36 is replaced by single node
optical fiber 86. The WD 96/ 17221 _q12- g

PCT/ US95/ 15274 far end of single node optical fiber 86 serves the
sanme purpose as i gt r . iy 0, ' .ail in
Figure 9. This engggﬁé%grfﬁglaéﬁkgg%‘gggggpr e’nd %%ggy%ﬁgaop?’cs such
that their5 conj ugeansdor fesusing said eoherpnitbeam afflightrinte saidng a
concave m rr Ofipst end 8f sdiassiﬁgl@trﬁbd@ffib@btwat ure. Figure 9

shows the details at the far,end,of sj.nglg node _ opt.ical fiber 86. It
i s embedded in subst raté‘@é‘.ab??]gbgﬁppgﬁgpﬁ?te‘f ﬂéedly and Qgpﬁéf)bF‘émi‘%Ct | i shed
L I aL anlglI snmootd saiddsecont @hdiof snid single efdde fibeg wherein m‘tiadrl arfiable ;ﬁb&@ tﬂat
oth reflects ' | o _ 1 fromthe
o ngl e oo ogphiiet ERHsbSa HIBK ABLBHA dnd WLl ther bbtic, kel NP,
i nventionl®s §imstfibémoptigis for transmitting ehimeasutemientcbeam swhierginagaid o Fi gure
8 except that gﬁﬁ{as sTith A gy?,h jgzation
beansplitter 5 SO {i%&yﬁar@é%%mmt%nggﬁﬁgﬁ%%ﬁ%'ﬁ& Hrglre, ro éég{:l

other. Refl ectaid $psapdifiber ppticbothocomprising; anjontRih & ﬁPW@Srﬁ redpceg;
passes thr ougﬂimbwrimﬁoa&mgﬂémg a core havingid diametet @f about the n cr oscope

?ngag ﬁ'ﬁ Ie\r/nee n f’ S b ésgqr#egg}sgetﬁg%ai% g gregﬁ geglgln&dﬁgﬁ? tsbfaa&u{p'uq EndCdt sald®
: 15 second fiber optic comprising a highly reflecting metallic film;
~ a piezoelectric (PZT) cylinder, wherein said second fiber
optic is wound around said PZT cylinder, wherein said second fiber optic
expands as a voltage is applied to expand said PZT cylinder causing a
change in the refractive index of said second fiber optic, thereby
20 introducing a phase shift between light traveling in said first fiber optic
and said second fiber optic; and .
means for focusing said reference beam onto said core and
said highly reflecting metallic film of said reduced diameter portion of
said second fiber optic;
25 wherein said measurement beam and said reference beam
combine to form an interference pattern.

3. A phase shifting diffraction interferometer, comprising:

means for producing a linearly polarized, collimated and
coherent beam of light; ~'

means for producing a measurement beam and a reference’

5 beam from said coherent beam of light, wherein said means for

producing a measurement beam and a reference beam comprise a highly
reflecting metallic film; '

means for introducing a phase shift between said
measurement beam and said reference beam; and

10 means for focusing said measurement beam onto said

highly reflecting metallic film;

wherein said measurement béam and said reference beam
combine to form an interference pattern.



single node optical fiber 87, is diffracted, producing a perfect spherical
wavefront over sone finite solid angle. After passing through the optic 20
92 under VOIS TRberrat ' It to measur enent bea®CBAISIS/15274
Focused mneasur enent beHmHHElﬁmHﬂ@ ‘Fd by reflecting netal |ayer 90

on the surface of single no i ber 86. It~ diverges and is
coincident wwth reference beam 48 that is-dBf-fracted, producing a perfect
spherical wavefront over sone finite solid angle. For interference to 25
take pl ace as described previously, the Iength of si ngl e node optical
fibers 86 and 87 are equal and/&%?ﬁrforefl ct.or osi tioned such that

t he optical path | er £58 FCIPS %b{f}tﬁ TSYEPA Gt h ABF + GH.

Anot her requi reomptising: interference to take pl ace |s that the

pol ari zati on of referenc Dt)ﬁﬁc@gé ﬁ@%
i dentical. Thi s [ s accongﬁ I shed” by ryﬁﬁm ng ?earl za(?lcgﬁgrs?tnat e of

each beam and& 4cal I y mani pul ati ng the f| bers until the

measur ements beam 89 and %@ssmﬁmr&%émenud@weféﬂce beam from
pol ari zation states, Thi errbo n%&r &tg nost ., Cklse when neasurin

optics such t reAdcRberent whereip;said produfingneans, FORPLIREI%, as
35 when rreasurmghlpﬁreﬂmmg\mét;m@ﬁlm, WO 96/ 17221

PCT/ US95/ 15274

Al t hough only those enboldﬁ%d'fang(?rpﬁse ?%5 ?ﬁtevr%?ﬁ‘tsab? meas%lgelglgﬁggggm
mrrors and poand saigl reference heam; @adcri bed, ot her enbodi nents exi st
for measurgrent of conv TricOER %@aﬁﬁgﬁ{é ¥ beaBl B hi

Changes an? modi f i Qat [ Oﬁfs&cﬁb ge gpem fical Iny dgscrl Eoegald hig e)r,rbodl ment s

can be carri edFeSSCURS ISR ﬂ’ﬂéﬂg}'tl ng fromthe scope of the

wherein said measurement beam and said reference beam
combine to form an interference pattern.

5. The phase shifting diffraction interferometer of claim 1,
wherein said means for separating a linearly polarized, collimated and
coherent beam of light into two parallel, spatially separated,
orthogonally polarized coherent beams of light comprise:

5 a light source for producing a linearly polarized, collimated
and coherent beam of light;

a variable neutral density filter for controlling the intensity
of said linearly polarized, collimated and coherent beam of light;

a half-wave retardation plate for producing, within said

10 linearly polarized, collimated and coherent beam of light, two
orthogonally polarized components of light comprising a vertical
component and a horizontal component, wherein the angular
orientation of said half-wave retardation plate is used to adjust relative
intensity between said vertical component and said horizontal

15 component;

a polarization beamsplitter optically positioned to transmit
said horizontal component to produce a first transmitted horizontally
polarized component, wherein said polarization beamsplitter is optically
positioned to reflect said vertical component to produce a first reflected

20 vertically polarized component;

a first retroreflector optically positioned to laterally reflect

said first transmitted horizontally polarized component back into said



i nvention, which is Mt ed by the scope of the appended
(Iélc;li_; Gggwﬂsﬂm\z/\io > 1‘“““\ \“‘““‘“ ““‘ “ \!“ . PCT/US95/1§17A1 VB

1. A phase shifting dits<ractron"i nt erf eronet er, conpri si ng:

means for separating a linearly polarized, collinmted and coher ent
beam of light into two parallel, spatiallygseparated, ort hogonal |y
pol ari zed coherent beans of |ight; 5 means for introducing

a phase shift ; | el | ,
ort hogonal | y %‘%F‘grl zfgﬁq’?hﬁ"éﬁ’gtertfgéﬁ%ﬂ%@ ssih thﬁf%h%@éﬂ o ‘ifiaaa&@q
pol ari zer to henizontalyipelasized, peamy @nd spatial 1y separated,
Ort[mgf)lnqlsl y pol f‘”dzeddﬂétl@hﬂnlfetﬁﬁ@fmct@f ob't'@hl%y ipais?idbrwa ﬂ%ara]?éﬂlaﬂyht 10
spatial |l y sepagated,. .identica afi zed. coherent bea NN ;
means for f o&?b?ﬁbségifgs{]mfeﬁg%ﬁ%@hé' ;féﬁq?ﬂﬁ c?%"ﬁf‘ggf‘gk 1n’togsa1d
i denti cal | y pmdlarization behsvsplitteb darsefdéctiongtiterefvom fwpabdye atvertically
an int erferor%lgfizgaq)tegnﬁonpri si ng:
wherein said vertically polarized beam and said
30 horizontally polarized beam together comprise two parallel, spatially

separated, orthogonally polarized coherent beams of light.

6. The phase shifting diffraction interferometer of claim 5,
wherein said means for introducing a phase shift between said two
parallel, spatially separated, orthogonally polarized coherent beams of
light comprises a piezoelectric translator (PZT) mounted on a

5 retroreflector selected from a group consisting of said first retroreflector
and said second retroreflector, wherein said PZT translates said
retroreflector when a voltage is applied to said PZT, thus shifting the
relative phase between said two parallel, spatially separated,
orthogonally polarized beams of light.

10

7. The phase shifting diffraction interferometer of claim 6,
wherein said interferometer plate further comprises a partially reflective
metallic film adherent to said highly reflective metallic film, wherein
said partially reflective metallic film covers said highly reflective

5 metallic film and said aperture.

8. The phase shifting diffraction interferometer of claim 7,
wherein said means for focusing said measurement beam onto said
aperture and said highly reflective metallic film comprises an optic to be
tested.

9. The phase shifting diffraction interferometer of claim 8,
further comprising an imaging system for imaging said interference
pattern, said imaging system comprising a spatial filter comprising a first
lens, an aperture and a second lens, wherein said spatial filter is

5 positioned to transmit said interference pattern, wherein said aperture is
large enough that it does not diffract said interference pattern.



a gl ass substrate,; a highly reflective netallic

filmadherent to sa m\ bst rate; and
~at Ieastwé’r%“(??%‘cul gh sai d gl ass - sUeYySes/as2aed sai d
highly reflective rretal ic fllm whereln sai d ci ggul-ar aperture is

pl aced at said focal point and has a dianeter of about the size 20 of the
wavel engt h of said coherent beam of 1i ght- 15vmere|p sai d

interferoneter plate diffracts said two parallel, spatially separated,
identically polarized coherent beams of |ight at said focal point to

produce a neasurenent b refe enc
means for focusing sai dfﬁe";% EP# E}épdngegferogﬁéﬁ of daimPrsai d
hi ghl'y refl ecwhegeimesaid liinaging sysmh'eﬁmthexseumpnses a somesnfoe displapagm and

said refer enCﬁla ﬁ%gh O%akt8rd 3 t@} ?tnls mftﬂetde r?gﬁ;sgxc? ShAfi ilter.

2 A phase shi |on |n er
a |light source for produci ng a I|nearly polarlzed col I'i mat ed and

coherent beam of |ight; 11, The Yhasa6hifed! diffraction interferometer of claim 9,
PCT/ US95/ 15274

a singl e mode"hesen $3id imgsing sydemefurther compases 4 charge cagpled display
neans for foceanes anddnoniter fort disphiying shidjinitesfetemce Patitern afterfit fsst end of

said single a variable fiber optic splitter
fixedly and gprgl cﬁ\‘ﬁg‘ié‘&%“e&;’% %fd spa{"laltﬁ(%t""sral d second end of said single

nmode fiberd \/\herel n said variable fiber splitter conprises a first
fiber optic and a secongyf il pRiYe shiftiA}E BeFFRAcBBhdnterferometer of claim 9,
further comprising a computer system having a central processing unit,
memory and software to: read said interference pattern from said CCD
camera, control the intensity and contrast of said interference pattern,
5 translate said PZT, calculate the phase at each pixel and display a
resultant phase map.

=3

13. The phase shifting diffraction interferometer of claim 8,
wherein said means for focusing said two parallel, spatially separated,
identically polarized coherent beams of light to a focal point comprises a
prism in each beam of said two beams, wherein said prisms refract said

5 two beams away from each other, said means for focusing said two
parallel, spatially separated, identically polarized coherent beams of light
further comprising a lens.

14. The phase shifting diffraction interferometer of claim 1,
wherein said at least one circular aperture comprises two apertures,
wherein said lens focuses said two parallel, spatially separated,
identically polarized coherent beams of light onto separate apertures of

5 said two apertures.

15. A phase shifting diffraction interferometer comprising:
means for separating a linearly polarized, collimated and spatially
coherent beam of light into two orthogonally polatized spatially
coherent components of light;

5 means for introducing a phase shift between said two
orthogonally polarized spatially coherent components of light;



10 first fiber optiW&rﬂng a neasurenent beam wherein said
ﬂt

second fiber is for transpitsil \ rence beam said first fiber optic
and wossild2aecond \1\ ‘ conpri sing an out pecTaIsgs/i5a14 ng a

reduced di anet er\\p on donprising a core having a di ameter of about
t he wavel engt h of said coherent beam of |ight, said output end of
said 15 second fiber optic conprising afgghly reflecting netallic film
a piezoelectric (PZT) cylinder, wherein said second fiber optic is

wound around said PZT cyld Y=l [ ' '

expands as a voltage isxgpdé?l?%etf %Mc;s{é%g%ﬁaégﬁ%&ﬁ%g%‘fﬁ‘%ﬁEg?aqicié’%‘si ng a
change in t hespatiallic cpherenh gempoments af Highb irtortwr idésgically polarieed 20

i nt roduci ng asﬁmfy %Bhéﬁenb%bﬁ&fﬁhdﬂtﬂbf tha;ve-l ing in said first fiber optic
and saidfcondfiber optic; ng . . . . rrearls.fo focusi ng said
ref erence (ﬁeam onto sai g"‘e@é‘ﬁefgﬁ Qeusing said twp jdentically 519 @E‘F’F‘iﬁpﬁté? lic
filmof said rehereat cdirpuortents pblighbto affocal pointai d second fiber optic; 25

wherein said rreasurenentanq%%pf%qn&gi.%ﬁ@f&ﬁﬁ@ﬁgi am conbine to form
an interference pattern. . bhase shifting
diffraction interferoneter, @@lpsssbstate; nmeans for

producing a linearly polari Z%%gﬁg‘ réflerte Mmethllic film s@RaeARto BRIM Of
| i ght; ans fdr produci ng a nmeasurenent beam and a

ref erenceld 5 glass sHbstraies §g$d coherent beam of |ight, wherein said neans
for produci ng a neasur atiedst baeirnthraperfureahecugleasideglagy | se a

hi ghl y re ti f ' | : P . n
i ntroducing a® %%ltg%t%%?q g? l@:ﬁ%‘&lftgﬁ‘m&‘ ‘-re metallr%%efl%t[, & n%"ﬁrte lrb%%% %ﬁ%ﬂéﬁi d
reference beaapestuge isiplaced at said focal poinsand hasra disroeten of shout thesize enent
beam ont 0 sai ¢f the wavblekpth of¥di& dinedfly polatized, ddlliflated and spatially
wherei n said neasur enent n}‘and sail, d r%{erer}ce beam .cc.CONMD rHa to
forman iRPer F@E@W@é r%afq gf ﬁg t, wherein said interferometer plate diffracts sai
two identically polarized, spatially coherent components of light at said
focal point to produce a measurement beam and a reference beam; and
means for focusing said measurement beam onto said
aperture and said highly reflective metallic film, wherein said
25 measurement beam and said reference beam combine to form an
interference pattern.

16. The phase shifting diffraction interferometer of claim
15, wherein said separating means comprise:

a spatially coherent, temporally incoherent light source for -
producing said beam of light;

5 a variable neutral density filter for controlling the intensity
of said beam of light;

a half-wave retardation plate for producing within said
beam of light a vertical component and a horizontal component,
wherein the angular orientation of said plate is used to adjust relative

10 intensity between said vertical component and said horizontal
component;

a polarization beamsplitter optically positioned to transmit
said horizontal component to produce a first transmitted component,
wherein said polarization beamsplitter is optically positioned to reflect

15 said vertical component to produce a first reflected component;
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od for producing an interference

- 138 -
-pattern,WO%"l'méonpU!H wll “", produci ng a ROTAEEHII274
pol ari zed, collimat beam of 1ight; 5

produci ng a neasur enent beam and a reference beam'from sai d coherent
beam of |ight, wherein said produci ng nearlid-conprise a hi ghly
reflecting netallic film i ntroduci ng a phase shift

bet ween sai d neasur erreni fRSPsBtroreflectdp Gpticalh Wsﬁfcﬁﬁ@tobﬁ%all?%ﬂé&

f d t tall
i S Csald Tk SRRamyfEd Sofenept et WRE TR

beam cotrhnsmigsior therethrougheto’ proxhee pdiorizontally polarized beam; 5.
The phase Shléﬁ ng diffraction int erfer oneter of claiml, wherein

sai d nmeans for Separating a linearly polarized, collinat ed and
coherent 2feam of |ight @&seeondietpetetiecior omwllyapqsyhmshmiaéqrally

orthogonally mieaf ka’ﬁachf‘s?li‘@ﬂé‘&éd le8A{Porieht bhemn 'b%ﬁm hﬁgr for

a light source duci n I%allnerg/g |ze %é and
coherent beanf CFP H erefrom to produce 4 ver VaFQEBF 8fFal density
filter for controlling wti'eremtgmw;nmally polatizeditseaim andrdayd pol ari zed,

ot ar dat | on phaosaR) pORRZRE e Ake OUBEH 10 1 neary porari red.

col | i mat &% and coherent beam of |i ght, two ort hogonal | y pol ari zed
conponents of |ight conpyi gina0piRaséeiHifthf diffraction interferometer of claim

16, wherein a retroreflector selected from a group consisting of said first
retroreflector and said second retroreflector is optically positioned so that
the beam path from said first reflected component to said optic to be

5 tested and back to said aperture is equal to the beam path from said first
transmitted component to said aperture of said interferometer plate.

18. A phase shifting diffraction interferometer, comprising:

means for producing, within a collimated and spatially
coherent beam of light, two orthogonally polarized components of light
comprising a vertical component and a horizontal component;

5 means for introducing a phase shift between said vertical
component and said horizontal component, to produce a phase shifted
beam;

means for producing a measurement beam and a reference
beam from said phase shifted beam; _

10 means for combining said measurement beam and said

reference beam to form an interference pattern.

19. The phase shifting diffraction interferometer of claim
18, wherein said means for producing, within a collimated and spatially
coherent beam of light, two orthogonally polarized components of light
comprising a vertical component and a horizontal component,

5 comprise:

a light source for producing a linearly polarized, collimated
and spatially coherent beam of light; and



conponent and a horm\/\herei n the angul ar orientation

of said half-wave ret ar kmL used to adjust relative
ent and sai d hori zowcalused/is274

I nt ensi t WdbesyMe2In sal
conponent ; a poI arization beansplitter optically

positioned to transm t* sai d horizontal conponent to produce a first
transmtted horizontally pol ari zed cggponent, wherein said
pol ari zati on beansplitter is optlcally positioned to reflect sai d

vertical conponent to praqg&ipgvaq, ﬂe‘iﬁda'if%}x' {fb cﬁ'%d\ﬁ%{‘ié %1 thaharl zed

conponent ; posi t i oned
to laterally haﬁadztpolanzed,s%qlhmt@%andrsamxm yicohersnti baam of lﬁhﬁo‘l“é@l zed

component 1@;3 ErﬂHHg@n&ﬁ}t%danzed \e6nfSriefdts’ bf light comprising a vertical

pol ari zati on SBERINEREAQd f JlorizauHahrampoRent oY Berria the qr\su&roduce a
hori zontal | y peieatatiordobsaid halfidvavibretardation plate is used ¢ adfust etlativef | ect or

opt i cal 1y POSLAEANSH) Hefrb8h SO0l Wirical contRllert artrlalad Hlos] | oot o

vertically pof artzation
beansplitter tompamendction theref rom to produce a vertically
pol ari zedyheam wherein said vertically polarized beam

Spatially - "'Separat 2. ‘DA RBRHANERRGLUFAN InsRRrRmE A |1 gt
6. The phase 4Bj WhepeindSaid mednsoforiintredueing @ phasobhift betwéen said  wherein
said means oo} BLI0GHipORedt 208 38id NobizoREh WtpSAldt dMprise:
a polarization beamsplitter optically positioned for
5 reflecting said vertical component to produce a first reflected vertically
polarized component, wherein said polarization beamsplitter is optically
positioned for transmitting said horizontal component to produce a first
transmitted horizontally polarized component; -
a first retroreflector optically positioned to laterally reflect
10 said first transmitted horizontally polarized component back into said
polarization beamsplitter for transmission therethrough to produce a
horizontally polarized beam;
a second retroreflector optically positioned to laterally
reflect said first reflected vertically polarized component back into said
15 polarization beamsplitter for reflection therefrom to produce a vertically
polarized beam;
wherein said vertically polarized beam and said
horizontally polarized beam are colinear, and
wherein said means for introducing a phase shift comprise
20 a piezoelectric translator (PZT) mounted on a PZT reflector selected from
a group consisting of said first retroreflector and said second
retroreflector.

21. The phase shifting diffraction interferometer of claim
20, wherein said means for producing a measurement beam and a |
reference beam from said phase shifted beam comprise:
a single mode fiber comprising an input end and an output
5 end, wherein said output end is embedded in a substrate, said output
end further comprising a thin reflecting metal layer;



parallel, spatially separated, orthogonally polarized coherent beans of
| i ght conprises a piezoelectric translator (PZT) nounted on a 5

*r et ror ef Wecxs72el e }mmw’ consi sting of said fiRCIVUS95/15274
retroreflector KB’E Eé@ﬂ@d retroreflector, wherein said PZT
transl ates said ?etlrorne r when a voltage is applied to said

PZT, thus shifting the rel ati ve phage-betwsen said two parallel,
spatially separated, orthogonal |y pol arized beans of light. 10

7. The phase shifting i SR FArHB LB 8 S8 Shffect bEM o said inputher oi 1

said interferoneter plate f urt er..conpri se apartla | ective
metal lic fil meRgh 4%&?‘9 &8y reflective rretalllc film wherein

said partially reflectiwheRrinlshid fitst retropeRécos ahd saidibéoorief | ective 5

rretalllcf Imads apertur. The phase shifting
diffractid &Pf%ﬁﬁfg@{ EFe B?S@PQF% spch that the round |tﬂp§§ s for
f ocusi ng sai d dlffasenoerthebaamcbfnmt refiageflector andpaid se@@nhtsmieﬂehﬁoghl y

o The phase. SRITEERE ﬂ@%‘.‘%ﬁ A PP BetReSald cppul R Bsata ° |,

conpri si ng an SiRglgimgds fihes n pptigiundesdest- i nterference pattern,
sai d i magi ng system corrpr|S| ng a spatial filter conprising a first

| ens, an aperture and a secqnd. | en Whermc .ald spatial filter i.s.
positioned to transmit 52} Sﬁ %Pé q infpriergmeter, ¢p B’é‘ﬂ’}.ﬁ‘e i s

| arge enough that it doemeans fah $dpanating a hlnearl)epbliarﬂmde cpHimated and
spatially coherent beam of light into two parallel, spatially separated,
orthogonally polarized coherent beams of light comprising a vertically
5 polarized beam and a horizontally polarized beam;

means for introducing a phase shift between said vertically
polarized beam and said horizontally polarized beam;

a first single mode fiber comprising a first input end and a
first output end, wherein said first output end is embedded in a

10 substrate, said first output end further comprising a thin reflecting metal

layer;

a second single mode fiber comprising a second input end
and a second output end;
wherein said first single mode fiber and said second single
15 mode fiber are the same length,
means for focussing said horizontally polarized beam into
said first single mode fiber, wherein a reference beam diverges from said
first output end;
means for focussing said vertlcally polarized beam into said
20 second single mode fiber, wherein a signal beam diverges from said
second output end; and
means for combining said measurement beam and said
reference beam to form an interference pattern.

23. The phase shifting diffraction interferometer of claim
22, wherein said means for introducing a phase shift between said
vertically polarized beam and said horizontally polarized beam comprise
a piezoelectric translator (PZT) mounted on a PZT reflector selected from
5 a group consisting of said first retroreflector and said second



-15 - 10. The phase shifting diffraction interferoneter
of claim?9, wherein said 1 magi ng system further conprises a screen for
di spl ayiwg@96/17228ai d i \“ rn after it is tranBGTAUSEASZTr ough
said spatial filter. n“m‘“ﬂ “ml\m 11. . The phase shifting diffraction
interferoneter of claismg, t wher € n sai d i magi ng system furt her

conpri ses a charge coupl ed displ ay capera and nonitor for displaying
said interference pattern after it is transmtted through said spatial

filter. 5 retro¥eﬂﬁctor, wherbin s?T %b‘i‘?ﬁ'tsﬂ}bé 5aidop2T frEﬂ@&bi‘ %‘hen a

interferonetér o

er conpr.i si st em havi ng
a central pry&tagens aﬁﬁil?d to saldﬂ?ﬂ, )’?h‘dﬁélqgﬁﬂg\kg? églﬁé“’er een

i nterference sapd Vefticallyopolasizeéd Belm and f‘sﬁf&h@rlzﬁﬁﬁﬂlyoﬂ)olhﬁeed Weafsi ty and
contrast of said interference pattern, 5 transl até said PZT, calcul ate

t he phase at each pixel and display a resul tant phase nmap.
13. The phase shifting 2 fArphasjeosiuftxngdiféramtreneintm'feromﬁitm,&omprisiuger ein

said neans for focusin shaRKed.

identically polarized g% er enc% V\greams Oé?‘%vo %&H%’oé Pqpmant conprises a
prismin eaclromponests ffilightio beans, V\,herel n said prisnms refract said 5
two beans away from ea%eﬁ’ﬁé"%r 1r&?éd11diﬁ ras have dhaftusn @@eqmldnfzitﬁon

paral.lel, spatlall se olarjzed c ns of
Pgnt - 5 ircomaporesit i gwe pHASE0NA ) ofh2id tpERlgh S uefinc.
shifting di ffract| on i nneafhe famptottucig al spherital wavefrioat éromsaidi teo | east
one circul ar S t L | ens
focuses said 9 ?éﬁ% fﬁgﬂrg%a ?é’fﬁ? ﬁses of l?é}(ljt wher@ﬂ?gﬁl:lnséﬁﬁ {} pol ari zed
coher ent bearwawveéfrontyhompuises Wrsnée bs@mt and 3 measprement beagy; asbrt ures.
15. A phase shifting difbhA¢ foOfomBirfing SaRIPéfeferceBRant afid:said

10 measurement beam to produce an interference pattern




means for separating a linearly polarized, collimated and spatially
coherent beamof light into two orthogonally polarized spatially

icoher ent WOAEEIR@hts of |ight; 5 means for iPEVEHIESHY a
phase shift between said two orthogonal | y pol arized spatially coherent
conponents of I|ight; WO 96/ 17221t/6

PCT/ US95/ 15274 -16 -

a polarizer to orient said two orthogonally pol arized spatially
coherent conponents of light into two ide®ic | ari zed " spatially
coherent conmponents of light; 10 o meang for focusing said
two identically polarized spatially collerent cgnponents of light to a
focal point; an interfer ter pl lsing:

a gl ass substrate, n lghffy reflective nmetgllic
filmadherent g0 Td 1 gl ass substrate; fand

at |l east one c l'ar apgrture through sai as substrate and s
highly reflective tallil}c film wh i.n sarg.chxcul ar aperturq is,*
pl aced at said foc poi ny and has a di e t the size o(:)
the wavel ength of said linearly polarized; [ mat and spatially (20wt

coherent beam of |igRt, wherein said inter 0 r plate diffracts SaiFﬁ*
two identically polar\zed, kspatially cohefent conponents of |ight at |sa

focal point to produce\a nmewnsurenent be a reference beam and
means for focusing sai d neagurenent beagh o aid apertqﬁ? and said
highly reflective netal Nic f§ I m whereip sai/d pY
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25 neasurenent beam and said reference beam conbine to form an

I nterference pattern

+di ffract i A IBATRLf er oneter of claim

means conpri se:
I ncoher ent

| i ght source for

16. The phase shifting

15, wherei n sai BCHERHYERTINg
a 3fatially coherent, tenporally
produci ng said beam of |ight; 5

a variabl e ng$FJ I denS|ty filter for cogt olling the intensit of
sai d beam of ght™, ret arMaTT pl ate for
produci ng within salpV/ /, beam of i ght a ver Lq nent and a

hori zont al conponent mh & n the angul ar jori"ent 4t n of said plate
Is used to adj Ouié | ntenS| ty bg e 4]4.corrponent
and said horiz al npéﬁf /\~ pol ari zati on
beansplitter opti i to transmt ildl ho@¥ont al
conponent to produc ransm tted conponeit L1 wherein said
pol ari zati on beansplji optically positione kﬁ t 15 said
vertical conponent t a first reflected t WO

96/ 17221 P S5pira

-17- §rst retroreflector G §~ ositioned to

| aterally reflect first transmtted conponent] back into said
beansplitter for transm ssi on t herethrough to produce a horizontally

pol ari zed beam
optically positio
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reflect said first reflected conponent back into said beansplitter for
reflection therefromto produce a vertically polarized beam

;Wherei n waisdnyentically polari zed beam and sai d hor PCTRISE8/15974

pol ari zed beam are colinear. 25 17. The phase shifting
diffraction interferometer of claim 16, wherein a retroreflector

sel ected froma group consisting of sai 6 irst retrorefl ector and
said second retroreflector is optically positioned so that t he beam
path fromsaid first reflected conponent to said optic to be 5 tested
and back to said aperture is equal to the beampath fromsaid first
transmtted conpones_to said aperture of said interf-n.ometer pl at e.

18. A phase shifting di action Ta erferonmeter, conpsising:

means for producing, W thin"a~cgplimted and gpatiglld cohergnt_heam
of light, two orthogora pol arr>ed_conponerys o |ight CoMp g a
vertical conponent anmt—z-ketlZQts QrreQnen Aor
i ntroduci ng a phase shift between sal Q_VErs R ¢ormmonenrana—sat

hori zontal conponent Rep+etCE . a phase sht ed beam
means for producing a neasurZnent bearppd i refergnce bai d
U U J

phase shifted beam 10 14 mean g-sartTEasurenent
beam and sai d reference beamto forman interference pattern.

19. The phase shifting diffraction interferoneter of claim 18,
wherein said nmeans for producing, wthi GI | mrat ed and spatially
coherent beam of l|ight, two orthogonal JIEI lel <#d conponents of |ight
conprising a vertical conponent and a horizontal conponent, 5 conpri se:
a light source for producing a linearly polarized, collimted and

spatially coherent beamof |ight; and

ar j'IZ
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wherein said neans for introducing a phase shift conprise 20 a
pi ezoel ectric translator (PZT) nounted on a PZT reflector selected from
-a group WEhW13tAing of said first retroreflector and said PeTaisds/15274

retroreflector. 21. The phase shifting diffraction
interferoneter of claim 20, wheggi n said means for producing a
measur ement beam and a reference beam from sai d phase shifted beam
conpri se: a single node fiber conprising an input end
and an out put 5 end, wherein said output end isgenbgd lh a
substrate, said output end further conprising hin reffecting
netal | ayer; WO 96/ 17221
PCT/ US95/ 15274 Q -19- -
means for focusing said ph ; bBminto said in end Jof said
si ngl e node fi ber; \ wherein said firstf/retforeflectjor and
said second 10 retrorefAgCt\or e Yosi tioned sigh th hg round tri p beam
pat h di fference between\sai® fArst retroreMfector ai d secdnd
retroreflector is equal \o the yound trip bea t en saild
out put end of said si ngl e\node \i ber and an optI r est .
22. A phase shifting diffraction inté feronmeter, co | 51 e
means for separating a linearly®olarkzed, colli d spatieﬂﬁ%?
coherent beamof light into two paral lel, spatial seppxat ed, e
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neans for

beam and said horizontally polarized beam

-node fi b&Y0e@13R] si

wherein said first output end is enbeddeg é
out put end further conprising a thin ref é
a second single node fiber conprising a second input end

out put end;

second single 15 nodeg
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(57) Abstract

An interferometer system in which a linearly polarized beam (10) from a light source (12) passes through a density filter (14), The
beam (10) then passes through a half-wave retardation plate (16) which produces two orthogonally polarized beams. The angular orientation
of the half-wave retardation plate (16) is used to adjust the relative intensity between the vertical and horizontal components of polarization.
The polarized beams are then split by a polarization beamsplitter (22). The transmitted beam (20} is then reflected by a fixed retroreflector
(24) back through the polarization beamsplitter (22) to a turning mirror (26). The reflected beam (18) is refiected, by a retroreflector (28),
mounted on a piezoelectric transiator (30) back through the beamsplitter (22) to the same mirror so that it is parallel to the other beam
but laterally displaced from it. It diverges and is coincident with the reference beam (48) which was diffracted by the aperture (42). The
measurement beam (46) and fhe reference beam (48) interfere to produce a fringe pattern that represents a contour map of optical path

difference between the wavefront from the optic (50) and a petfect spherical wavefront,




