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and their mounting hardware. A second disadvantage is the labor needed to
align the additional interferometer The invention relates to an
interferometer for meas-  and associated beam directing optics. uring the
linear displacement of an object along a first  Other disadvantages affect
the stage. The measure- axis and the angular displacement of the object
around  5. ment plane mirror must be lengthened by the distance a second
axis orthogonal to the first axis.        d, or another mirror must be
added, to accommodate ad- The EP-A-0 250 308 discloses an angle measuring
ditional measurements on an axis. To measure pitch or interferometer system
for measuring changes in the an-  roll the mirror must be taller as well as
longer. With con- gular orientation between two plane mirrors, and the
ventional plane mirror interferometer optical assemblies, EP-A-0 227 554
describes a differential plane mirror 10 d is a minimum of 2.5" because of
the size of the Inter- interferometerfor measuring optical path length
changes  ferometers. The size and mass of the larger mirror on between two
plane mirror surfaces. The former uses a  the stage is undesirable because
it increases the inertia light source, a beam splitter and converting means
for  of the stage. The larger mirrors can also obstruct air flow producing
an electric measurement signal based on a  over the stage. single output
beam in which the variation in phase differ-  15  Additional interferometer
optical assemblies also ence is proportional to the variation in angle
between the  present obstructions to air flow in the stage area, in con-
two plane mirrors. The latter uses a light source, a beam  flict with
another need of precision stages in wafer step- splitter and converting
means for producing a single out-  pers. To minimize temperature and
pressure gradients put beam in which the phase difference between two fre-
around the stage, manufacturers are starting to use lam- quency components
is directly proportional to the chang- 20 inar air flow across the stage.
The space taken up by the es in the optical path length between the two
plane mir-  additional interferometers around the stage causes tur- rors.
bulence in the air flow over the stage, disrupting laminar Precision
translation stages, such as those used in    flow and allowing hot spots
and pressure variations to IC wafer steppers, employ laser interferometers
for po-  form. Thus, it is desirable to limit the number of interfer-
sition feedback sensors. In a typical application, three  25 ometer optical
assemblies around the stage. degrees of freedom are measured. Two of these
are lin-  According to the invention these problems are ear displacement of
the stage along the X and Y axes.  solved by an interferometer comprising
the features of The third is yaw, rotation of the stage about the Z axis
claim 1. orthogonal to the X-Y plane.                           The
linear-and-angular measuring plane mirror Plane mirror interferometers are
typically used to  30 interferometer of the invention measures two degrees
of make these measurements. Two measurement mirrors    freedom, both linear
translation and rotation angle, us- are mounted on the stage, one
orthogonal to the X axis,    ing a single interferometer optical assembly.
In alternate the other orthogonal to the Y axis. The length of these
orientations it can be used to measure either the pitch, plane mirrors is
determined primarily by the distance the  roll or yaw angle of the stage.
With one of these interfer- stage travels in both X and Y.
35 ometers and one conventional plane mirror interferom- Conventionally, a
sepatate plane mirror interferom-  eter, X, Y, and yaw of a stage can be
measured. To meas- eter optical assenbly is necessary to measure each de-
ure X, Y. pitch, roll, and yaw of the stage, only three inter- gree of
freedom. Two optical assemblies are used to  ferometer optical assemblies
are necessary, one a con- measure X and Y position. A third optical
assembly is  ventional plane mirror interferometer and two others lin-
necessary on either the X or Y axis to measure yaw an- 40 ear-and-angular
measuring plane mirror interferom- gle. The third Interferometer measures a
separate posi-  eters. Five conventional plane mirror interferometer op-
tion measurement, e.g., X at a distance d from the X  tical assemblies
would be necessary to make such a position measurement. With X, X', and d
(the distance  measurement, and the stage mirrors would have to be between
X and X), the yaw angle theta can be calculat-  made much larger than
normal. ed.                                            45      The
linear-and-angular measuring interferometer of Theta = Arctan((X-X'yd)
(1)     the invention splits the measurement beam at the inter- In addition
to these typical measurements, measur-    ferometer optic, using a single
integrated optical assem- ing pitch and roll of the stage (rotation about
the X and  blyto make measurements at two locations on the meas- Y axes
respectively) will be desirable as the need in-  uring mirror on the stage.
The invention uses a number creases to position wafer stepper stages more
precisely. 50 of shared optical components to implement two interfer- With
a conventional system, an additional plane mirror  ometers with a single
optical assembly that is only slight- interferometer optical assembly is
needed for each ad-  ly larger than an optical assembly for a conventional
ditional degree of freedom measured.               plane mirror
interferometer. There are a number of disadvantages to using ad-   In a
first embodiment, the input beam is split, and ditional interferometer
optical assembliess to measure  55 two separate measurements, X and X, are
made at two each additional degree of freedom. One disadvantage is
locations separated by a distance d. X-X is calculated the cost of
additional interferometer and associated  electronically by subtracting the
X' result from the X mounting hardware and additional beam directing optics
result. . 2    



3                 EP 0 388 594 B1                   4 A second embodiment
optically produces a direct  able measurement mirror 121 on the object 110.
The two measurement of X-X at a detector. The input beam   measurement
beams are directed along parallel paths makes one interferometer
measurement for X, then the  separated by a distance d, to make essentially
two inde- polarization of part of the resulting output beam is rotated
pendent measurements of the distance to the object 110. and the rotated
part of the beam is returned for a second  5  The mirror surface 122 of
movable mirror 121 reflects pass to make an interferometer measurement at a
loca-  the measurement beams back through optical assembly tion offset by a
distance d from the first pass measure-  120 and to detectors 141 and 143.
Detectors 141 and ment. The resulting second pass output beam optically
143 use mixing polarizers to mix the reference and >   produces a direct
measurement of X-X at a detector.  measurement beams and a photodetector to
detect the Since the interferometer of the invention measures  10 fringes
of the interference pattern that results when the both linear translation
and angle of a moving stage, in a  path length of a measurement beam
changes. single optical assembly, the need for a second interfer-  Optical
assembly 120 comprises a polarizing beam ometer optical assembly on that
axis is eliminated. This  splitter 123 with a beam splitting surface 124 at
a 45 de- reduces the obstruction to airflow in stage area, and also  gree
angletothe incident light beams, quarter wave plate reducesthe difficulty
of aligningthe system becausefew-  15 125 and cube corners 127, 129, 131
and 133. Quarter er separate optical elements are used. The compact  wave
plate 125 is transparent and effectively rotates the beam spacing allows
for a minimum size measuring mir-  plane of polarization of the beams by 90
degrees each ror, making roll and pitch measurement practical be-  time the
beams traverse the quarter wave plate twice. cause the smaller vertical
dimension of the measuring  The first reference beam 113a and the first
meas- mirror can be accommodated more easily on the stage. 20 urement beam
115a are the portion of the input beam In the second embodiment, the X-X
detector registers  112transmitted by non-polarizing 50% beam splitter 117.
counts only when the stage is rotated. This simplifies the  The first
reference beam 11 3a is at frequency [err] and lin- stage control
electromics.                         early polarized in the plane of the
drawing. Beam 113a Figure 1 shows a first embodiment of the invention  is
reflected by beam splitting surface 124 to cube corner in a plane mirror
interferometer, in which the input beam  25  129 where it is redirected
back through polarizing beam is split before passing through the optical
assembly, and  splitter 123, and reflected by beam splitting surface 124
two separate measurements, X and X, are made.      on a path parallel to
its original path toward detector 141. Figure 2 shows a second embodiment
of the inven-   First measurement beam 11 5a is atfrequencyf2 and tion, in
which the input beam 112 is split after making one  linearly polarized
perpendicular to the plane of the draw- pass through the optical assembly.
30 ing. Being polarized perpendicular to reference beam Figure 3 shows a
further embodiment of the inven-  113a, first measurement beam 115a passes
through tion in an interferometer that has high thermal stability,  beam
splitting surface 124 and through quarter wave with an optical path similar
to the optical arrangement of  plate 125 to movable mirror 121 which
reflects it back the Figure 1 embodiment.                           toward
optical assembly 120, again through quarter Figure 4 shows a further
embodiment of the inven- 35 wave plate 125. This time beam 115a is
reflected by tion in an interferometer that has high thermal stability,
beam splitting surface 124towardcubecomer 129 which with an optical path
similar to the optical arrangement of  returns it to beam splitting surface
124 which directs first the Figure 2 embodiment.
measurement beam 115a back through quarter wave Figures 5 and6
showschematic diagrams of a laser  plate 125 to moveable measurement mirror
121 andthen interferometer measurement system incorporating line- 40 back
through quarter wave plate 125. With the polariza- ar-and-angular
measurement interferometers according  tion state changed by 90 degrees,
measurement beam to the invention.                                  115a
passes through beam splitting surface 124 to de- Figure 1 shows a first
embodiment of the invention  tector 141. in a plane mirror interferometer.
The interferometer uses  The second reference beam 113b and the second a
light source 111 to produce an input beam 112 com- 45 measurement beam 115b
are the portion of the input prising a reference beam 113 and a measurement
beam  beam 112 reflected by non-polarizing 50% beam splitter 115. Ught
source 111 is preferably a two-frequency laser  117 to reflector 119 which
redirects the beams 11 3b and producing a reference beam 113 of frequency
[err] linearly  115b into the polarizing beam splitter 123 along a path
polarized in the plane of the drawing anda measurement  parallel to the
path of beams 113a and 115a. The beam beam of frequency f2 linearly
polarized perpendicular to  50 115b is reflected by the measurement mirror
121 at a the plane of the drawing.                          location at a
distance d from where the beam 115a con- The input beam 112 is split before
it enters the opti-    tacted the measurement mirror 121, wherein the paths
cal assembly 120 of the interferometer. The reference  of the beams 113 and
113b partially coincide with the beam 113 and the measurement beam 115 are
split Into  paths of the beams 115a and 11 5b, respectively, but do two
sets, 113a, 115a and 113b, 115b. The reference  55 not contact the
measurement mirror 121. The distance beams 113a, 113b follow a fixed length
path through op-  d is determined by the spacing between the centerlines
tical assembly 120 and to detectors 141 and 143. The  of cube corners 129
and 133. measurement beams 115a, 115b follow a path to a mov-  Second
reference beam 113b is reflected by beam 3    



5                 EP0388594B1                     6 splitting surface 124
to cube comer 131 where it is redi-    shown). In another embodiment, shown
in Figure 2 and rected backthrough polarizing beam splitter 123, and re-
described in more detail below, the difference X-X is flected by beam
splitting surface 124 on a path parallel  generated optically and measured
directly by the detec- to its original path towards detector 143.
tor, eliminating the need for the electronic calculation. If Second
measurement beam 115b passes through  5  only an error indication is
required, and not the actual beam splitting surface 124 and through quarter
wave  value of the rotation angle theta, the difference X-X' may plate 125
to movable mirror 121 which reflects it back  be a sufficient output
signal, eliminating the need for any toward optical assembly 120, again
through quarter  electronic calculation. wave plate 125. This time beam
115b is reflected by  Figure 2 shows a second embodiment of the inven- beam
splitting surface 124 toward cube comer 133 which  10 tion, in which the
input beam 212 makes one pass retums ittobeam splitting surface 124which
directs sec-    through the optical assembly 220, and the resulting first
ond measurement beam 115b back through quarter    pass output beam 235 is
split. Partof thefirst pass output wave plate 125 to moveable measurement
mirror 121  beam 235 is directed to a first detector 241, to make the and
then back through quarter wave plate 125. With the  X-axis displacement
measurement alongthe X path. The polarization state changed by 90 degrees,
the second  15 other portion of the first pass output beam 235 becomes
measurement beam 115b passes through beam splitting  the second pass input
beam 214. The polarization of the surface 124 to detector 143.
second pass input beam 214 is rotated 90 degrees by The first reference
beam 11 3a and the first meas-  half wave plate 245 and beam 214 then makes
a second urement beam 115a are combined to form first output  pass through
the optical assembly 220. The second pass beam 135, which is directed to
the first detector 141. The  20 to object 210 is along the X path, parallel
to and offset second reference beam 113b and the second measure-  from the
X path by the distance d. The second pass out- ment beam 115b are combined
to form second output  put beam is directed to a second detector 243. beam
137, which is directed to second detector 143. De-  Over the first and
second passes, the [err] component tectors 141 and 143 use mixing
polarizers to mix the ref-    and the f2 component of the beam each
traverse both erence and measurement beams and a photodetector to  25
reference and measurement paths, a distance d apart. detect the fringes of
the interference pattern that results    If the object 210 has not rotated,
the paths lengths for when the path length of a measurement beam changes.
the [err] component and the f2 component will be the same. Both detectors
measure changes in the distance to the  Any yaw rotation of the measurement
mirror 221 will pro- measurement plane mirror 121, and thus to object 110.
duce a difference in the path lengths and an apparent But because thetwo
measurements are made a distance  30 distance change measured at the second
detector 243. d apart, the rotation (yaw) of the object 110 can be cal-
Optical assembly 220 in Figure 2 is similar to optical culated from the
difference between the two measure-  system 120 shown in Figure 1. The two
differences are ments.                                           the
position of the non-polarizing beam splitter 217 and The distance
measurement made by first detector    the addition of a half wave plate
245. The components 141 is used as the X-axis linear displacement measure-
35 in the Figure 2 embodiment which correspond to the ment X. The
measurement made by second detector   components in the Figure 1
embodiment, have reference 143, X, is used to calculate the rotation angle
theta using  numbers 2XX rather than 1 XX. formula (1) as explained above:
In the Figure 2 embodiment, the input beam 212 Theta = Arctan((X-X'yd)
(1)      makes one pass through the optical assembly 220, and The
resolution of the rotation angle measurement 40 the resulting first pass
output beam 235 is split. Thus, depends on the length of d, among other
things. If the  the non-polarizing beam splitter 217 is not located in the
other variables are held constant, doubling the length d  path of the input
beam 212, as it is in the Figure 1 em- will also increase the resolution by
a factor of two. In a  bodiment. Instead, the non-polarizing beam splitter
217 typical interferometer system, with a system resolution  is located in
the path of the first pass output beam 235, of 1/1 28 of the beam
wavelength anda beam wavelength  45 after the beam has made one pass
through the optical of 633 nanometers, a length d of 0.5 inches will
produce  assembly 220. Beam splitter 217 splits the first pass out- a
resolution of 0.08 arc seconds for the rotation angle  put beam 235 so a
portion is transmitted to the first de- measurement. In the same system, if
d is doubled, to 1.0    tector 241 and another portion, beam 214, is
reflected to inch, the resountion is increased proportionately, to 0.04
reflector 219, through half wave plate 245 and directed arc seconds.
Another well known way to increase reso- 50 into the optical assembly 220
for a second pass to pro- lution is to increase the number of round trips
the meas-  duce a second pass output beam 237 that is directed to urement
beam makes to the measurement mirror. The  second detector 243 for
measuring the yaw rotation of disadvantage to this method is a decrease in
the capa-    the object 210. biliy of the interferometer system to measure
high slew  Half wave plate 245 rotates the polarization of the [err] rates.
55 and f2 components of the beam 214 by 90 degrees. As In the embodiment
shown in Figure 1, the rotation  a result, the [err] component of beam 214,
which followed angle theta must be calculated from the two measure-    the
reference path on the first pass now follows a meas- ment results, using
for example a microprocessor (not  urement path to the measurement mirror
221 and back. 4    



7                 EP 0 388 594B1                  8 The f2 portion of beam
214, which followed the measure-  measurement portions of first input beam
and second in- ment path on the first pass, nowfollows a reference path.
put beam in Figure 4 reveals that where the beams follow If the object 210
undergoes a pure translation along the  paths that are not common, their
lengths are equivalent, X-axis, the [err] path will change on the beam's
first pass  except for the paths from the optical assembly to the through
the optical assembly 220, and the f2 path length  5  measurement mirror.
Thus, paths a, b, c and d of the ref- will change correspondingly on the
beam's second pass  erence portions 421 a, 414a of beams 412 and 414 in
through the optical assembly 220. The two changes will    Figure 4 have the
same length as paths a', b', c' and d' cancel, so there will be no
indication at detector 243. If    of the measurement portions 412b, 414b of
beams 412 the object 210 undergoes a yaw rotation, the [err] and f2  and
414. path lengths will change differentially, and there will be  10  Figure
5 shows a schematic diagram of a laser inter- an indication of a change at
the second detector 243.  ferometer measurement system incorporating one
line- The distance measurement made by first detector  ar-and-angular
measurement interferometer and one 241 is used as the X-axis linear
displacement measure-  conventional plane mirror interferometer for
measuring ment X. The measurement made by second detector 243  linear
displacement along the X and Y axes, and yaw is a direct measurement of X-X
because of the path  15 (rotation aroundtheZaxis). Thebeamsforthetwointer-
switching of the [err] and [err] components. This X-X meas-    ferometers
are provided by a laser 511 through a 33% urement can be used tocalculate
the rotation angle theta  beam splitter 513. The linear-and-angular
measurement using formula (1), or as an error indication.
interferometer515 is located on the Yaxis for measuring Figures 3 and 4
show two further embodiments of    the Y displacement of the stage 510 at
detector 521, and the invention that have high thermal stability,
incorporat- 20 measuring Y-Y' at detector 523 to determine the yaw. ing the
teachings of US Patent No. 4,784,490 'High  The conventional plane mirror
interferometer 517 is lo- Thermal Stability Plane Mirror Interferometer".
The Fig-  cated on the X axis for measuring the X displacement of ure 3 and
4 embodiments are otherwise similar to the  the stage 510 at detector525.
The Xand Y displacement optical arrangements of the Figure 1 and 2 embodi-
measurements are made on the centerline of the optical ments, respectively.
In the Figure 3 and 4 embodiments, 25 column (not shown) over the stage
510. two of the cube comers are replaced with a reflective  Figure 6 shows
a schematic diagram of a laser inter- quarter wave plate 351, 451 having
the same optical    ferometer measurement system incorporating two line-
thickness as the quarter wave plates 325 and 425, re-  ar-and-angular
measurement interferometers and one spectively. The substitution of the
reflective quarter wave  conventional plane mirror interferometer for
measuring plate changes the reference paths so that the reference  30
linear displacement along the X and Y axes, and pitch, and measurement
beams follow different but optically    roll and yaw (rotation around the
X, Y and Z axes respec- equivalent paths through optical elements that are
in    tively). The beams for the three interferometers are pro- thermal
equilibrium. That is, the path lengths through the  videdby a laser 511
through two 33% beam splitters 513 high refractive index medium of the
optics are the same  and 514. The conventional plane mirror interferometer
length, but do not follow the same path.      35 517 is located on the
Yaxis for measuring the Ydisplace- In Figure 3, quarter wave plate 351
replaces cube  ment of the stage 510 at detector 621. One line- comers 127
and 131 of Figure 1. In Figure 4, quarter  ar-and-angular measurement
interferometer 515 is lo- wave plate 451 replaces cube corners 227 and 231
of  cated along the Y axis for measuring Y' at detector 523 Figure 2.
and Y" at detector 525. The V' and Y" measurements are As in the Figure 1
and Figure 2 embodiments, in the  40 made at a location offset from the Y
measurement in the embodiment shown in Figure 3, the rotation angle theta
X axis direction. TheY' and Y" measurements are offset must be calculated
from the two measurement results X  from each other by a distance d in the
Z axis direction. and X. In the embodiment shown in Figure 4, the differ-
Thus Y-Y' can be usedto determine the yawof stage 510 ence X-X is generated
optically and measured directly  and [err] can be used to determine the
pitch of stage by the detector, eliminating the need for the electronic 45
510. The second linear-and-angular measurement inter- calculation. If only
an error indication is required, and not    ferometer 517 is located on the
X axis for measuring the the actual value of the rotation angle theta, the
difference  X displacement of the stage 510 at detector 527, and X-X" may
be a sufficient output signal, eliminating the  measuring X-X at detector
529. The X and X" measure- need for any electronic calculation.
ments are offset from each other by a distance d in the An inspection of
the paths of reference beams 31 3a  50 Z axis direction, so X-X' can be
used to determine the and 313b and measurement beams 315a and 315b in
roll of stage 510. The two plane measurement mirrors Figure 3 reveals that
where the beams follow paths that  631 and 633 must be larger than d in the
Z axis direction are not common, their lengths are equivalent, except for
to accommodate the pitch and roll measurements. the paths from the optical
assembly to the measurement  The optical assembly of the invention can be
config- mirror. Thus, paths a, b, c and d of reference beams 31 3a  55 ured
either in a 'straight through' alignment, as illustrat- and 313b have the
same length as paths a', b', c' and d'  ed in Figures 1-4, or in a 'right
angle' alignment, as il- of measurement beams 315a and 315b.
lustrated in Figures 5 and 6, to suit the needs of the in- An inspection of
the paths of the reference and  stallation. 5    
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3. The interferometer of claim 1 or 2, characterized in that the means for
determining the change in the 1. An interferometer for measuring the linear
displace-  length of the first path comprises a first detector ment of an
object (110; 210) along a first axis and  (141) positioned for receiving
the beam after the the angular displacement of the object around a sec-  5
beam has traversed the first path and measuring the ond axis orthogonal
tothe first axis, wherein the first  change in the length of the first
path; and the means axis is parallel to the light beam incident on said
for determining the difference between the change object, comprising a
light source (111; 211) for pro-  in the length of the first path and the
change in the ducing a coherent light beam (112; 212) being split  length
of the second path comprises a second into measuring and reference beam
components  10   detector (143), positioned for receiving the beam
(115,113)                                          after the beam has
traversed the second path, for measuring the change in the length of the
second reflecting means (121; 221) mounted on a mov-   path, and counting
means responsive to the first able measurement plane located on the object,
detector (141) and to the second detector (143) for for reflecting the
beam;                 15     calculating the difference between the change
in the a single integral optical assembly means (120;  length of the first
path and the change in the length 220) for directing respective components
of the  of the second path by counting successive pas- split beam along a
first path between the optical  sages of bands of the interference patterns
which assembly means and the reflecting means,        vary in accordance
with changes in linear and angu- along a second path between the optical 20
lar displacement of the object. assembly means and the reflecting means,
and along a first and a second reference path, the  4. The interferometer
of claim 1 or 2, characterized first path incident on the reflecting means
at only  in that the coherent light beam comprises a plane two points
symmetrically arranged around afirst  polarized first component (212) and a
second com- location and the second path incident on the  25  ponent (214)
plane polarized perpendicular to the reflecting means at only two points
symmetri-  first component; cally arranged around a second location,
wherein the first and second locations are sep-    the means for
determining the change in the arated by a predetermined distance d,
length of the first path comprises a first detector detector means (141;
241) for combining the  30    (241) positioned for receivingthe beam
afterthe respective split beams after they have travelled   beam has
traversed the first path and measur- along the first path and the first
reference path,  ing the change in the length of the first path; and
respectively, for detecting a first interference   the means for
determining the difference pattern that results from a change in length of
between the change in the length of the first path the first path, and for
determining a change in  35  and the change in the length of the second
path length of the first path in response to changes    comprises optical
means (245) for rotating the in the first interference pattern wherein said
polarization of the first and second components change in length of the
first path corresponds to  by ninety degrees between the first path and the
the linear displacement of the object;             second path, and a
second detector (243) posi- detector means (143; 243) for combining the  40
tionedforreceivingthebeamafterthebeamhas respective split beams after they
have travelled   traversed the second path, for determining the along the
second path and the second refer-        change in the length of the first
path with respect ence path, respectively, for detecting a second    to the
length of the second path. interference pattern that results form a change
in length of the second path, and for determining  45 5. The
interferometerof claim 3, characterized in that a change in length of the
second path in       the optical assembly means comprises: response to
changes in the second Interference pattern; and
a first beam splitter (1 23) having a square cross means (143; 243; 245)
responsive to changes        section with a first surface through which the
in the second interference pattern for determin- 50  light beams enter from
the light source means ing a difference between the change in length
(111), a second surface opposite the first sur- of the first path and a
change in the length of the  face, third and fourth surfaces adjacent the
first second path, wherein said difference corre-        surface, and with
a first plane polarizing beam sponds to the angular displacement of the
splitter surface (124) diagonal to the first sur- object (110; 210).
55         face; atransparentquarter wave plate (125) mounted 2. The
interferometerof claim 1, characterized inthat     on the second surface;
the distance d is less than 3.08cm (2 inches).         first and second
cube corners (127, 131) 6    



mounted on the third surface;                       atransparent quarter
wave plate (225) mounted third and fourth cube comers (129, 133)
on the second surface; mounted on the fourth surface;
first and second cube comers (227, 231) a second beam splitter (117)
mounted in the         mounted on the third surface; path of the beam
between the light source (111)  5  third and fourth cube comers (229, 233)
and the first surface, for splitting the beam into  mounted on the fourth
surface; a first portion following the first path and a sec-  a second beam
splitter (217) mounted in the ond portion following the second path;
path of the beam between the first beam splitter the first component of the
beam follows a refer-    (223) and the first detector (241) for splitting
the ence path (113) and the second component of  10     beam into a first
portion directed to the first the beam follows a measurement path (115);
detector and a second portion directed through and
a half wave plate (245) and back into the first the first path passes
through the second beam       beam splitter (223) through the first
surface; splitter, then the first beam splitter (123) sepa-  the first
component of the beam is initially polar- rates the first component of the
beam from the  15  ized so that it is reflected by the polarizing beam
second component of the beam, the first corm-       splitter surface and
the second component of ponent passing sequentially through the first
the beam is initially polarized so that it is trans- beam splitter, through
the first cube comer         milted by the polarizing beam splitter
surface; (127), once through the beam splitter, andtothe     and detector
(141); the second component passing  20   the beam passes into the first
beam splitter sequentially through the beam  splitter, the        (223)
which separates the firstcomponentof the transparent quarter wave plate
(125), to the        beam from the second component of the beam, reflecting
means (121), through the transparent     the first component passing
sequentially quarter wave plate, the first beam splitter (117),  through
the first beam splitter (223), through the the third cube corner (129), the
first beam split- 25  first cube comer (227), once through the first ter,
the transparent quarter wave plate, to the     beam splitter, and toward
the first detector reflecting means, through the transparent quar-
(241); the second component passing sequen- ter wave plate, the first beam
splitter, and to the  tially through the first beam splitter (223), the
first detector;                                    transparent quarter wave
plate (225), to the the second path is reflected by the second beam  30
reflecting means (221), through the transparent splitter, then the first
beam splitter (123) sepa-  quarter wave plate, the first beam splitter, the
rates the first component of the beam from the     third cube corner (229),
the first beam splitter, second component of the beam, the first corm-
the transparent quarter wave plate, to the ponent passing sequentially
through the first       reflecting means, through the transparent quar-
beam splitter (123), through the second cube  35   ter wave plate, the
first beam splitter, and toward comer (131), oncethroughthefirst beam
splitter      the first detector (241); (123), and to the detector (143);
the second       the beam is then split by the second beam split- component
passing sequentially through the         ter (217) into a first pass output
beam portion first beam splitter (123), the transparent quarter  passing to
the first detector (241) and a second wave plate (125), to the reflecting
means (121), 40  pass beam portion directed through the half through the
transparent quarter wave plate, the     wave plate (245) which rotates the
plane of first beam splitter, the fourth cube corner (133),  polarization
of the first and second beam com- the first beam splitter, the transparent
quarter    ponents by ninety degrees so the first compo- wave plate, to the
reflecting means (121),          nent is transmitted and the second
component through the transparent quarter wave plate, the  45  is reflected
by the polarizing beam splitter sur- first beam splitter, and to the second
detector     face (224); and (143).
the second pass beam portion then passes through the first surface of the
first beam splitter 6. The interferometer of claim 4, characterized in that
(223), the first beam splitter separates the first the optical assembly
means comprises:       50         component of the second pass beam portion
beam from the second component of the sec- a first beam splitter (223)
having a square cross   ond pass beam portion, the second component section
with a first surface through which the      passing sequentially through
the first beam light beams enter from the light source means       splitter
(223), through the second cube comer (211), a second surface opposite the
first sur- 55  (231), once through the first beam splitter, and face, third
and fourth surfaces adjacent the first  to the second detector (243); the
first compo- surface, and with a plane polarizing beam split-    nent
passing sequentially through the first beam ter surface (223) diagonal to
the first surface;    splitter, the transparent quarter wave plate 7    13
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(225), to the reflecting means (221), through the  through the the first
beam splitter, the second transparent quarter wave plate, the first beam
cube corner, through the first beam splitter, the splitter, the fourth cube
comer (233), the first    reflective quarter wave plate, the first beam
beam splitter (223), the transparent quarter        splitter, and to the
second detector; wave plate, to the reflecting means, through the  5  the
second component passing sequentially transparent quarter wave plate, the
first beam      through the first beam splitter, the transparent splitter,
and to the second detector (243).         quarter wave plate (325), to the
reflecting means, through the transparent quarter wave 7. The
interferometer of claim 1 or 2, characterized       plate, the first beam
splitter, the second cube in that the optical assembly means further com-
10   corner, the first beam splitter, the transparent prises:
quarter wave plate, to the reflecting means, through the transparent
quarter wave plate a first beam splitter having a square cross see-
(325), the first beam splitter, and to the second tion with a first surface
through which the light   detector. beams enterfromthe light source means,
a sec-  15 ond surface opposite the first surface, third and fourth
surfaces adjacent the first surface, and  PatentansprOche with a first
plane polarizing beam splitter surface diagonal to the first surface;
1. Interferometer zum Messen der linearen Versetzung a transparent quarter
wave plate (325) mounted  20  sines Gegenstandes (110;210) Iangs elner
ersten on the second surface;                          Achse und der
Winkelversetzung des Gegenstands a reflective quarter wave plate (351)
mounted   urn eine zweite Achse, die zur ersten Achee ortho- on the third
surface;                           gonal ist, wobei die zweite Achse
parallel zu dern first and second cube comers mounted on the
Lichtstrahl ist, welcher auf den Gegenstand fMllt, mit fourth surface;
25 a second beam splitter mounted in the path of       einer Lichtquelle
(111 ;21 1) zum Erzeugen eines the beam between the light source and the
first     koharenten Lichtstrahles (11 2;212), der in MeB- surface, for
splitting the beam into a first portion  und Bezugsstrahikomponenten
(115,113) auf- following the first path and a second portion fol-  getelft
wird, einer reflektierenden Vorrichtung lowing the second path;
30         (121;221), die an einer beweglichen MeBfldche a first component
of the beam follows a refer-      montiert ist, welche auf dem Gegenstand
liegt, ence path and a second component of the beam        zum Reflektieren
des Strahles, einer einzelnen follows a measurement path; and
einteiligen optischen Anordnung (120;220) zum the first path passes through
the second beam       Leiten entsprechender Komponenten des auf- splitter
then the first beam splitter separates the  35  geteilten Strahles langs
sines ersten Weges first component of the beam from the second
zwischen der optischen Anordnung und der component of the beam, the first
component          reflektierenden Vorrichtung, langs eines zwei- passing
sequentially through the first beam         ten Weges zwischen der
optischen Anordnung splitter, the reflective quarter wave plate,        und
der reflektierenden Vorrichtung und langs through the first beam splitter,
the first cube cor- 40  sines ersten und eines zweiten Bezugsweges, ner,
through the first beam splitter, the reflective  wobei der erste Weg nur
bei zwei Punkten auf quarter wave plate, the first beam splitter, and
die reflektierende Vorrichtung auftrifft, welche to the first detector;
symmetrisch urn eine erste Position herum the second component passing
sequentially           angeordnet sind, und der zwelte Weg nur bei through
the first beam splitter, the transparent 45  zwei Punkten auf die
reflektierende Vorrichtung quarter wave plate (325), to the reflecting
auftrifft, welche symmetrisch urn sine zweite means, thirough the
transparent quarter wave        Position herum angeordnet sind, wobei die
plate, the first beam splitter, the first cube cor-  erste und die zweite
Position durch einen vor- ner, the first beam splitter, the transparent
quar-  gegebenen Abstand d getrennt sind, ter wave plate, to the reflecting
means, through  50  einer Detektorvorrichtung (141 ;241) zum Kom- the
transparent quarter wave plate, the first       binieren der jeweiligen
aufgeteilten Strahlen, beam splitter, and to the first detector;
nachdem sie Iangs des ersten Weges bzw. des the second path is reflected by
the second beam     zweiten Weges gelaufen sind, zum Erfassen splitter,
then the first beamsplitterseparatesthe   sines ersten Interferenzmusters,
welches sich first component of the beam from the second  55     aus einer
Anderung der LAnge des ersten component of the beam, the first component
Weges ergibt und zum Ermitteln einer Ande- passing sequentially through the
first beam         rung der Lfnge des ersten Weges abhingig von splitter,
the reflective quarter wave plate,        Anderungen des ersten
lnterterenzmusters,    15                EP0388594B1
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Weges der linearen Versetzung des Gegen-        Strahl empfangt, nachdem
den Strahl den ersten standes entspricht,                             Weg
Oberquert hat, und die Anderung der LAnge des elner Detektorvorrichtung
(143;243) zum Kom-    ersten Weges mil3t, und die Vorrichtung zum Ermit-
binieren der jeweiligen aufgeteilten Strahlen,  6  teln der Differenz
zwischen der Anderung der LAnge nachdem sie langs des zweiten Weges bzw.
des ersten Weges und der Anderung der Langes des zweiten Bezugswegs
gelaufen sind, zurn      des zweiten Weges eine optische Vorrichtung (245)
Erfassen eines zweiten Interferenzmusters,     zurn Drehen der
Polarisierung der ersten und der welchessich aus einerAnderungder LAngedes
zweiten Komponenten um 90 zwischen dem ersten zweiten Weges ergibt, und zum
Ermitteln einer  10  Weg und dem zweiten Weg aufweist, und einen Anderung
der LAnge des zweiten Weges            zweiten Detektor (243) aufweist, der
so angeordnet abhangig von Veranderungen des zweiten         let, daB er
den Lichtstrahl empfangt, nachdem der Interferenzmusters, und
Lichtstrahl den zweiten Weg Gberquert hat, um die elner Vorrichtung (143;
243;245), welche auf     Anderung der Lange des ersten Weges relativ zu
Verinderungen im zweiten Interterenzmuster  15  der LAnge des zweiten Weges
zu ermitteln. anspricht, um sine Differenz zwischen der Anderung der Lange
des ersten Weges und     S. Interferometer nach Anspruch 3, dadurch gekenn-
einer Anderung der Lange des zweiten Weges      zelohnot, daB die optische
Anordnung folgende zu bestimmen, wobei diese Differenz der Win-    Merkmale
aufweist: kelversetzung des Gegenstandes (110;210) 20 entspricht.
einen ersten Strahlenteiler (123) mit einem rechteckigen Querschnltt und
mit einer ersten 2. Interferometer nach Anspruch 1, dadurch gekenn-
Oberflache, durch welche die Lichtstrahlen von zolchnet, daB der Abstand d
kleiner als 3.08 cm (2     der Lchtquelle (111) eintreten, elner zweiten,
inch) lst.                                  25         der ersten
Oberflache gagenfiberliegenden Oberflache, einer dritten und einer vierten,
an 3. Interferometer nach Anspruch 1 oder 2, dadurch         die erste
Oberflache angrenzenden Oberflache gekennzolohnot, daB die Vorrichtung zum
Bestim-        und mit einer ersten linear polarisierenden men der Anderung
der Lange des ersten Weges            Strahlenteileroberflache (124), die
diagonal zu einen ersten Detektor (141) aufweist, der so ange- 90  der
ersten OberFlache verlauft, ordnet ist, daB er den Strahl empfangt, nachdem
der    eine transparente Lambda-Viertel-Platte (125), Strahl den ersten Weg
Oberquert hat, und die Ande-     die an der zweiten Oberfliche montiert
ist, rung der Lange des ersten Weges milBt, und             erste und
zweite Kubusecken (127,131), die an die Vorrichtung zurn Ermitteln der
Differenz zwi-      der dritten Oberfiache montiert sind, schen der
Anderung der Lange des ersten Weges  35      drntte und vierte Kubusecken
(129,133), die an und der Anderung der Lange des zweiten Weges
der vierten Oberflache montiert sind, einen zweiten Detektor (143)
aufweist, der so ange-    einen zweiten Strahlenteiler (117), der in dem
ordnet ist, dal er den Strahl empfangt, nachdem der    Weg des Strahis
zwischen der Lichtquelle (111) Strahl den zweiten Weg Oberquert hat, um die
Ande-     und der ersten Oberflache montiert let, um den rung der Lange des
zweiten Weges zu messen, und  40    Strahl in einen ersten Teil, wetcher
dem ersten sine ZAhivorrichtung autweist, die auf den ersten      Weg
folgt, und elnen zweiten Teil, welther dem Detektor (141) und den zweiten
Detektor (143)          zweiten Weg folgt, aufzuteilen, anspricht, um die
Differenz zwischen der Anderung      wobei die erste Komponente des Strahis
einem der Lange des ersten Weges und der Anderung der        Bezugsweg
(113) folgt und die zweite Kompo- Lange des zweiten Weges durch Zahlen
aufeinan- 45      nente des Strahis einem Mel3weg (115) folgt, derfolgender
Durchgange von Streifen des Interfe-      und renzmusters zu berechnen,
wobei sich die Interfe-      der erste Weg durch den zweiten Strahlenteiler
renzmuster abhangig von Anderungen der linearen        geht, der erste
Strahlenteiler (123) dann die Versetzung und der Winkelversetzung des
Gegen-         ersten Komponente des Strahis von der zwesten standes
andern.                             50         Komponente des Strahis
trennt, die erste Kom- ponente nacheinander durch den ersten Strah- 4.
Interferometer nach Anspruch 1 oder 2, dadurch         lenteiler, durch die
erste Kubusecke (127), sin- gekennzelchnet, daB der koharente Lichtstrahl
mal durch den Strahlenteiler und zu dem Detek- eine erste linear
polarisierte Komponente (212) und    tor (141) geht; die zweite Komponente
nachein- eine zweite Komponente (214) aufweist, die senk- 55    anderdurch
den Strahlenteiler, die transparente rechtzu derersten Komponente linear
polarisiert lst,   Lambda-Viertel-Platte (125), zu der reflektie- die
Vorrichtung zum Ermitteln der Anderung der         renden Vorrichtung
(121), durch die transpa- Lange des ersten Weges einen ersten Deteklor
rente Lambda-Viertel-Platte, den ersten Strah- 9    17                 EP 0
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ersten   Strahlenteiler,  die  transparente        tiert wird, und die
zweite Komponente des Lambda-Viertel-Platte, zu der reflektlerenden
Strahis anfanglich polarisiert wird, so daB sie Vorrichtung,   durch   die
transparente            von der polarisierenden Strahlenteileroberfla-
Lambda-Viertel-Platte, den ersten Strahlentei-  5   che Obertragen wird,
und ler und zu dem ersten Detektor geht,                der Strahl in den
ersten Strahlenteiler (223) wobei der zweite Weg von dem zweiten Strah-
geht, der die ersten Komponente des Strahis lenteiler reflektiert wird,
dann der erste Strah-   von der zweiten Komponente des Strahis lenteiler
(123) die erste Komponente des            trennt, die ersten Komponente
nacheinander Strahis von der zweiten Komponente des  10          durch den
ersten Strahlenteiler (223), durch die Strahis trennt, die erste Komponente
nachein-       erste Kubusecke (227), einmal durch den ander durch den
ersten Strahlenteiler (123),        ersten Strahlenteiler und in Richtung
zum durch die zweite Kubusecke (131), einmal            ersten Detektor
(241) geht; die zweite Kompo- durch den ersten Strahlenteiler (123) und zu
nente nacheinander durch den ersten Strahlen- dem Detektor (143) geht; die
zweite Kompo-  Is     teiler (223), die transparente Lambda-Vier- nente
nacheinanderdurch den ersten Strahlen-        tel-Platte (225), zu der
reflektierenden Vorrich- teiler (123), die transparente Lambda-Vier-
tung (221), durch die transparent Lambda-Vier- tel-Platte (125), zu der
reflektierenden Vorrich-   tel-Platte, den ersten Strahlenteiler, die
dritte tung (121), durch die transparent Lambda-Vier-      Kubusecke (229),
den ersten Strahlenteiler, die tel-Platte, den ersten Strahlenteiler, die
vierte  20  transparente Lambda-Viertel-Platte, zu der Kubusecke (133), den
ersten Strahlenteiler, die    reflektierenden Vorrichtung, durch die
transpa- transparente Lambda- Viertel-Platte, zu der         rente
Lambda-Viertel-Platte, den ersten Strah- refiektierenden Vorrichtung (121),
durch die       lenteiler und in Richtung zum ersten Detektor transparente
Lambda-Viertel-Platte, den ersten      (241) geht, Strahlenteiler und zu
dem zweiten Detektor  25      der Strahl dann von dem zweiten
Strahlenteiler (143) geht.                                        (217) in
einen  ersten  Durchgangs-Aus- gangs-Strahlenteil, der zu dem ersten
Detektor 6. Interferometer nach Anspruch 4, dadurch gekenn-         (241)
geht, und  einen  zweiten  Durch- zelchnot, dal3 die optische Anordnung
folgende         gangs-Strahlenteil aufgeteilt wird, welcher Merkmnale
aufweist:                         30         durch die Lambda-Halb-Platte
(245) geleitet wird, welche die Polarisationsebene der ersten einen ersten
Strahlenteiler (223) mit einem         und der zweiten Strahlenkomponente
um 900 rechteckigen Querschnitt und mit einer ersten       dreht, so daB
die erste Komponente fbertragen Oberfliche, durch weLche die Lichtstrahlen
von      und die zweite Komponente von der polarisie- der Lichtquelle (211)
eintreten, einer zweiten, 35  renden Strahlenteileroberf[Ache (224)
reflektiert der ersten Oberfliche gegenOberliegenden            wird, und
Oberfliche, einerdritten undeinervierten Ober-      wobel derzweite
Durchgangs-Strahlenteil dann fliche, welche an die erste Oberflache angren-
durch die ersten Oberfliche des ersten Strah- zen, und mit einer linear
polarisierenden Strah-    lenteilers (223) hindurchgeht, der erste Strah-
lenteileroberflfiche (223), die diagonal zu der 40  lenteiler die erste
Komponente des zweiten ersten Oberfliche verlauft,
Durchgangs-Strahlenteils von der zweiten eine transparente
Lambda-Viertel-Platte (225),      Komponente des zweiten Durchgangs-Strah-
die an der zweiten Oberfiache montiert ist,        lenteils trennt, die
zweite Komponente nachein- erste und zweite Kubusecken (227,231), die an
ander durch den ersten Strahlenteiler (223), die der dritten Oberflache
montiert sind,    45         zweite Kubusecke (231), einmal durch den
dritte und vierte Kubusecken (229,233), die an      ersten Strahlenteiler
und zu dem  zweiten der vierten Oberflache montiert sind,
Detektor (243) geht; die erste Komponente einen zweiten Strahlenteiler
(217), der in dem      nacheinander durch den ersten Strahlenteiler, Weg
des Strahles zwischen dem ersten Strah-         die transparent
Lambda-Viertel-Platte (225), zu lenteiler (223) und dem ersten Detektor
(241) 50    der reflektierenden Vorrichtung (221), durch die montiert ist,
zum Aufteilen des Strahles in einen  transparente Lambda-Viertel-Platte,
den ersten ersten Tell, der zu dem ersten Detektor gerichtet
Strahlenteiler, die vierte Kubusecke (233), den ist, und einen zweiten
Tell, der durch eine         ersten Strahlenteiler (223), die transparent
Lambda-Halbe-Platte (245) und zurfck zu dem         Lambda-Viertel-Platte,
zu der reflektierenden ersten Strahlenteiler (223) durch die ersten  s5
Vorrichtung,   durch   die  transparente Oberfliche gerichtet !st,
Lambda-Viertel-Platte, den ersten Strahlentei- wobei die erste Komponente
des Strahles            ler und zu dem zwelten Detektor (243) geht.
anfinglich polarisiert wird, so daB sie von der 10    19                EP
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gokennzelchnet, dal3 die optische Anordnung fol-       den ersten
Strahlenteiler und zu dem zweiten gende Merkmale aufweist:
Detektor geht, die zweite Komponente nacheinander durch einen ersten
Strahlenteiler mit inemn rechteckl-  5  den ersten Strahlenteiler, die
transparente gen Querschnitt und mit einer ersten Oberfl&-
Lambda-Viertel-Platte (325), zu der reflektie- che, durch welche die
Lichtstrahlen von der        renden Vorrichtung, durch die transparente
Lichtquelle eintreten, einer zweiten, der ersten   Lambda-Viertel-Platte,
den ersten Strahlentei- Oberfiache gegen~berliegenden OberfIlache,
ler, die zweite Kubusecke, den ersten Strahlen- einer dritten und elner
viorten Oberflache, wel- 10  teiler, die transparente
Lambda-Viertel-Platte, che an die ersto Oberflache angrenzen, und mit
zu der reflektierenden Vorrichtung, durch die einer ersten linear
polarisierenden Strahlentei-   transparente Lambda-Viertel-Platte (325),
den leroberfache, die zu der ersten Oberflache dia-    ersten
Strahlenteiler und zu dem  zweiten gonal verlauft,
Detektor geht. eine transparente Lambda-Viertel-Platte (325), 15 die an der
zweiten OberflAche montiert ist, eine reflektierende Lambda-Viertel-Platte
Revendloctlons (351), die an der dritten Oberflache montiert ist, orate und
zweite Kubusecken, die an der vierten  1. InterFerombtre pour mesurer le
deplacement lin6aire Oberflache montiert sind,               20      d'un
objet (110; 210) le long d'un premier axe, et le einen zweiten
Strahlenteiler, der in dem Weg    d6placement angulaire de 'objet autour
d'un second des Strahles zwischen der Lichtquelle und der   axe orthogonal
au premier axe, dans loquel le pre- ersten Oberflache montiert ist, um den
Strahl in  mier axe est parallble au faisceau lumineux incident einen
ersten Teil, welcherdem ersten Wegfolgt,  sur ledit objet, comprenant une
source de lumibre und einen zweiten Toil, welcher dem zweiten  25  (111;
211) pour produire un faisceau de lumibre Weg tolgt, aufzutailen, wobei
sine erste Kom-   coherente (112; 212), separe en des composantes ponente
des Strahles einem Bezugsweg folgt      de faisceau de mesure et de
ref6rence (115, 113) und sine zweite Komponente des Strahles einem Mel3weg
folgt, und                           un moyen reflecteur (121; 221) mont6
sur un der erste Weg durch den zweiten Strahlenteiler 30  plan de mesure
mobile situ6 sur l'objet, pour geht, dann der erste Strahlenteiler die
orste      reflechir le faisceau; Komponente des Strahles von der zweiten
un moyen d'ensemble optique int6gre unique Komponente des Strahles trennt,
die erste          (120; 220) pour diriger des composants respec-
Komponente nacheinander durch den orsten          tifs du faisceau separ6,
le long d'un premier Strahlenteiler, die reflektierende Lambda-Vier- 35
chemin situe entre le moyen d'ensemble opti- tel-Platte, durch den ersten
Strahlenteiler, die   quo et le moyen r6flecteur, le long d'un second erste
Kubusecke, durch den ersten Strahlentei-     chemin situ6 entre le moyen
d'ensemble opti- ler, die reflektierende Lambda-Viertel-Platte,     quo at
le moyen reflecteur, et le long d'un pre- den ersten Strahlenteiler und zu
dem ersten        mier et d'un second chemins de reference, le Detektor
geht,                          40         premier chemin ne frappant le
moyen reflecteur die zweite Komponento nacheinander durch           qu'en
deux points disposes sym6triquement den eraten Strahlenteiler, die
transparente        autour d'un premier emplacement, et le second
Lambda-Viertel-Platte (325), zu der reflektie-     chemin ne frappant le
moyen reflecteur qu'en renden Vorrichtung, durch die transparente
deux points disposes sym6triquement autour Lambda-Viertel-Platte, den
ersten Strahlentei- 45  dun second emplacement, ler, die erste Kubusecke,
den ersten Strahlen-     dans lequel le premier et le second emplace-
teiler, die transparent Lambda-Viertel-Platte, zu  ments sont separes d'une
distance predeter- der reflektierenden Vorrichtung, durch dietrans-   mind
d, parente Lambda-Viertel-Platte, den ersten          des moyens d6tecteurs
(141; 241) pour asso- Strahlenteiler und zu dem ersten Detektor geht, 50
cior les faisceaux s6pares respectifs aprbs der zweite Weg von dem zweiten
Strahlenteiler      qu'ils aient parcouru respectivement le premier
reflektiert wird, dann der erste Strahlenteiler die  chemin et le premier
chemin de r6f6rence, pour erste Komponente des Strahis von der zweiten
dbtecter un premier motif d'intert6rence qui pro- Komponente des Strahis
trennt, die erste Kom-      vient d'une variation de longueur du premier
ponente nacheinander durch den ersten Strah- 56    chemin, et pour
determiner une variation de lon- lenteiler, die  reflektierende
Lambda-Vier-       guour du premier chemin, en rbponse a des tel-Platte,
durch den ersten Strahlenteiler, die   variations dans le premier motif
d'interference, zwete Kubusecke, durch den ersten Strahlen-        dans
loquel 1esdites variations de longueur du    21                 EP0388594B1
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des moyens d6tecteurs (143; 243) pour asso-     prennent des moyens
optiques (245) pour faire tour- cier les faisceaux s6pares respectifs.
apres    nor la polarisation de la premiere et de la seconde qu'ils aient
parcouru respectivement le second  5  composantes de quatre-vingt-dix
degres entre le chemin et le second chemin de r6fdrence, pour   premier
chemin et le second chemin, et un second detecter un second motif
d'interference qui pro-  detecteur (243) positionne pour recevoir le
faisceau vient d'une variation de longueur du second     apres quo le
faisceau aft travers6 le second chemin, chemin, atpourdeterminer
unevariation de lon-   pour determiner la variation de la longueur du pre-
gueur du second chemin en reponse a des  10     mier chemin en fonction de
ta longuour du second variations dans le second motif d'interference;
chemin. et des moyens (143; 243; 245) sensibles a des  5. Interferometre
selon la revendication 3, caracterise variations dans le second motif
d'interf~rence,  en co que le moyen d'ensemble optique integr6 pour
determiner une diffdrence entre la varia-  15  comprend: tion de longueur
du premier chemin et une variation de la longueur du second chemin,
un premier separateur de faisceau (123) corn- dans loquel ladite difflrence
correspond au        portant une section transversale carree, avec
d6placement angulaire de Fobjet (110; 210).        une premibre surface
atravers laquelle les fais- 20        ceaux lumineux penbtrent depuis le
moyen de 2. Interferometre selon la revendication 1, caract6ris6   source
de lumiere (111), une deuxieme surface en ce quo la distance d est
inferieure a 3,08 cm (2    opposee a la promibre surface, une troisibme et
pouces).                                               une quatribme
surfaces adjacentes a la pre- miere surface, et avec une premibre surface
de 3. Interferombtre selon la revendication 1 ou 2, carac- 25  separation
de faisceau & polarisation plane terise en ce quo les moyens pour
determiner la         (124), diagonale a la premibre surface; variation de
longuour du premier chemin compren-       une plaque on quart d'onde
transparente (125), nent un premier d6tecteur (141) place de fagon &
montee sur la deuxieme surface; recovoir le faisceau apres quo le faisceau
aft tra-    un premier et un deuxibme coins de cube (127, verse le premier
chemin, et a mesurer la variation  30  131), montes sur la troisibme
surface; de la longueur du premier chemin; et les moyens        un
troisibme et un quatribme coins de cube pour determiner la difflrence entre
la variation de   (129, 133), montes sur la quatrieme surface; longueur du
premier chomin at la variation de (a lon-  un second separateur de faisceau
(117) monte guour du second chemin comprennent un second           sur le
chemin du faisceau situe entre la source detecteur (143), plac6 de facon a
recevoir le fais- 35  de lumibre (111) at la premibre surface, pour ceau
aprbs quo le faisceau aft travers6 le second      separer le faisceau entre
une premibre partie chemin, pour mesurer la variation de la longuour du
qui suit le premier chemin et une seconde partie second chemin, et des
moyens de comptage sensi-        qui suit le second chemin; bles au premier
detecteur (141) et au second d6tec-    la premiere composante du faisceau
suit un tour (143), pour calculer la difference entre la varia- 40  chemin
de r6ference (113) et la seconds corn- tion de longueur du premier chemin
et la variation     posante du faisceau suit un chemin de mesure de la
longueur du second chemin, en comptant les       (115); et passages
successifs de bandes des motifs d'inter-     le premier chemin traverse le
second separa- ference qui varient en fonction des variations de      tour
de faisceau, puis Is premier s6parateur de deplacement lineaire et
angulaire de l'objet.  45      faisceau (123) separe la premiere composante
du faisceau de la seconde composante du fais- 4. Interferometre selon la
revendication 1 ou 2, carac-   ceau, la premibre composante traversant en
terise en ce que le faisceau de lumiere coherente      sequence le premier
s6parateur de faisceau, le comprend une premibre composante a polarisation
premier coin de cube (127), une fois le s6para- plane (212) et une seconde
composante A polarisa- 50   tour de faisceau, et allant vers le detecteur
tion plane (214) polarisee perpendiculairement a la    (141); la seconde
composante traversant en premibre composante;
se6quence le separateur de faisceau, la plaque les moyens pour determiner
la variation de longueur    en quart d'onde transparente (125), allant vers
du premier chemin comprennent un premier detec-        le moyen reflectour
(121), traversant la plaque tour (241) positionne pour recevoir le faisceau
apres  55  en quart d'onde transparente, le premier sepa- que le faisceau
aft traverse le premier chemin, et     rateur de faisceau (117), le
troisieme coin de pour mesurer la variation de longueur du premier
cube (129), le premier s6parateur de faisceau, chemin; et les moyens pour
determiner la difference    la plaque en quart d'onde transparente, allant
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seconde composante du faisceau est quart d'onde transparente, le premier
separa-        polarisee initialement de fagon qu'elle soit 



teur de faisceau, et allant vers le premier detec-  transmise par la
surface polarisante de separa- teur;
tion de faisceau; et le second chemin est reflechl par le second  5      le
faisceau passe dens le premierseparateurde separateur de faisceau, puis le
premier separa-     faisceau (223) qui separe la premiere compo- tour de
faisceau (123) separe la premiere corn-     sante du faisceau de la seconde
composante posante du falsceau de la seconde composante        du faisceau,
la premiere composante traversant du faisceau, la premiere composanto
traversant      en s6quence le premier separateur de taisceau on sequence
le premier separateur de faisceau  10   (223), le premier coin de cube
(227), une fois le (123), le deuxieme coin de cube (131), une fois
premier separateur de faisceau, et allant vers Is le s6parateur de faisceau
(123), et allant vers le  d6tecteur (241); Ia seconde composante traver-
d6tecteur (143); la seconde composante traver-      sant en s6quence le
premier separateur de fais- sant en sequence le premier s6parateur de fais-
ceau (223), la plaque en quart d'onde transpa- ceau (123), la plaque en
quart d'onde transpa-  IS  rente (225), allant vers le moyen reflecteur
rente (125), allant vers le moyen reflecteur        (221), traversant ia
plaque en quart d'ndetrans- (121), traversant la plaque en quart d'onde
parents, le premier separateur de faisceau, le transparente, le premier
separateur de fais-        troisieme coin de cube (229), le premier sepa-
ceau, le quatrieme coin de cube (133), le pre-      rateur de faisceau, la
plaque en quart d'onde mier separateur de faisceau, la plaque en quart 20
transparente, allant vers le moyen reflecteur, d'onde transparente, allant
vers le moyen           traversant la plaque en quart donde transpa-
r6flecteur (121), traversant la plaque en quart     rente, le premier
separateur de faieceau, et d'onde transparente, le premier separateur de
allant vers to premier detecteur (241); faisceau, et allant vers le second
detecteur         1e faisceau est ensuite s6pare par le second (143).
25         separateur de faisceau (217) en une partie du faisceau de sortie
du premier passage trans- 6. Interf6rometre salon la revendication 4,
caractbrise    miss au premier d6tecteur (241) et une partie en ce quo le
moyen d'ensemble optique int6gre           du faisceau de sortie du second
passage dirt- comprend:                                               gee
vers la plaque en demi-onde (245), qui fait 30        toumer de
quatre-vingt-dix degr6s le plan de un premier separateur de faisceau (223)
corn-       polarisation de la premiere et de la seconde portant une
section transversale carree, avec       composantes du faisceau, de fagon
que la pro- une premiere surface atravers laquelle lee fais-    miere
composante soft transmise et quo la ceaux lumineux penetrent depuis le
moyen de          seconds composante soit r6flechie par la sur- source de
lumiere (211), une deuxieme surface  35   face polarisante de separation de
fatsceau opposee a la premiere surface, une troisieme et     (224); et une
quatrieme surfaces adjacentes A la pre-         la partie du faisceau de
sortie du second pas- mibre surface, et avec une promiere surface de
sage traverse onsuite la premibre surface du separation de falsceau a
polarisation plane         premier separateur de faisceau (223), le pre-
(223), diagonale A la premiere surface;  40         mierseparateurde
faisceau separe la premiere une plaque en quart d'onde transparente (225),
composante du faisceau de sortie du second mont6e sur la deuxieme surface;
passage de la seconde composante du fais- un premier et un deuxieme coins
de cube (227,       ceau de sortie du second passage, la seconde 231),
montes sur la troisieme surface;              composanto traversant on
s6quence le premier un troisieme et un quatribme coins de cube   45
s6parateur de faisceau (223), le deuxibme coin (229, 233), montes sur la
quatrieme surface;        de cube (231), une fois le premier separateur un
second separateur de faisceau (217) monte        de faisceau, et allant
vers le second detecteur sur le chemin du faisceau situ6 entre le premier
(243); la premiere composante traversant on separateur de faisceau (223) et
le premier          sequence le premier separateur de faisceau, la
detecteur (241), pourseparer le faisceau entre  50  plaque en quart d'onde
transparente (225), une premiere partie dirig6e vers le premier
allant versle moyen r6flecteur (221), traversant d6tecteur et une seconde
partie dirigde vers        la plaque on quart d'onde transparente, le pre-
une plaque en demi-onde (245), et on retour         mier separateur de
faisceau, le quatrieme coin dans le premier separateur de faisceau (223) a
de cube (233), le premier s6parateur de fais- travers la premibre surface;
55         ceau (223), la plaque en quart donde transpa- la premiere
composante du faisceau est polari-      rents, allant vers le moyen
reflecteur, traversant see Initlalement de fagon qu'eIle soit r6fl6chie
la plaque en quart d'onde transparente, le pre- par la surface polarisante
de separation de fats-   mier separatour de faisceau, et allant vers le 13
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en s6quence Ie premier separateur de faisceau, 



la plaque en quart d'onde reflectrice, la premier 7. Interfbrometre selon
la revendlcation 1 ou 2, carac-     s6parateurdefaisceau,
losecondcoindecube, terise en ce que le mcyen d'ensemble optique inte-
le premier s6parateur de faisceau, la plaque en gre comprend:.
s          quart donde rdflectrice, le premier separateur de faisceau, et
allant vers 1e second detecteur; un premier separateur de faisceau
comportant        la  seconde  composante  traversant  en une section
transversale carree, avec une pre-      se6quence le premier separateur de
faisceau, la miere surface a travers laquelle les faisceaux      plaque en
quart donde transparente (325), lumineux p6nbtrent depuis le moyen de
source  10    allantvers le moyen reflecteur, traversant lapla- de lumlire,
une deuxibme surface opposee a la        quo on quart donde transparente,
le premier premibre surface, une troisibme et une qua-         s6parateur
defaisceau, le second coin de cube, tribme surfaces adjacentes a la
premiere sur-       le premier s6parateur de faisceau, la plaque en face,
et avec une premiere surface de s6para-        quart donde transparente,
allant vers le moyen tion de faisceau a polarisation plane, diagonalt  15
r6flecteur, traversant la plaque en quart d'onde a la premiere surface; une
plaque en quart          transparente (325), le premier separateur de
d'onde transparente (325), mont6e sur la            faisceau, et allant
vers 1e second detecteur. deuxibme surface; une plaque en quart d'onde
r6flectrice (351), montee sur la troisibme surface;         20 un premier
et un deuxibme coins de cube, mon- tes sur la quatrieme surface; un second
separateur de faisceau monte sur le chemin du faisceau s-nue entre la
source de lumibre et la premiere surface, pour separer Ie 25 faisceau entre
une promibre partie suivant le premier chemin at une seconde partie suivant
le second chemin; une premibre composante du faisceau suit un chemin de
reference, et une seconds compo- 30 sante du faisceau suit un chemin de
mesure; et lo premier chemin traverse Is second separa- tour de faisceau,
puis Io premier separateur de faisceau separe la premiere composante du
faisceau de la seconde composante du fais- 35 ceau, la premibre composante
traversant en sequence Is premier separateur de faisceau, la plaque en
quart donde r6flectrice, le premier separateurde faisceau, le premiercoin
de cube, le premier separateur de faisceau, la plaque en  40 quart donde
reflectrice, le premier separateur de faisceau, et allant vers le premier
detecteur; la seconds composante traversant en sequence le premier
s6parateur de faisceau, la plaque on quart d'onde transparente (325), 45
allant vers le moyen reflecteur, traversant la pla- que en quart d'onde
transparente, le premier separateur de faisceau, le premier coin de cube,
le premier separateur de faisceau, la plaque en quart donde transparente,
allant vers te moyen  50 reflecteur, traversant la plaque en quart donde
transparente, le premier s6parateur de fais- ceau, et allant vers 1e
premier d6tecteur; le second chemin sat refichi par le second s6parateur de
faisceau, puis le premier s6para-  55 tour de faisceau separe la premibre
compo- sante du faisceau de la seconde composante du faisceau, lapremibre
composantetraversant 14    


