
EP 0 549 614 B1 Description This invention relates to optical apparatus
and, in particular, to time division multiplexed amplitude and phase
microscopes. 5      In our prior British Patent Application No. 8907230.0
(WO 89/09380) we describe a scanning optical mi- croscope which
simultaneously permits the measuring of the differential of the phase and
amplitude of light reflected from an object. We have nowdevised a time
division multiplexed microscopewhich overcomes manyof the disadvantages of
the previous implementations of the combined differential amplitude and
phase systems. Essentially it per- 10  mits the achievement of optimum
modulation for both the phase and intensity signals, which means much su-
perior signal to noise is possible. Optically the performance is achieved
by using a common reference arm which Interferes with each beam
independently, the output from each of these interferometers is then com-
pared in the electronics. The system retains advantages of common path
operation reported for previous im- plementations but allows the intensity
modulation to be altered without effecting the Interference efficiency In
15  the manner noted with our previous systems. Reference is made to PCT
Patent Application WO 90/02930 which describes an interferometric procedure
for measurement of electronic speckle patterns. According to the present
invention there is provided optical apparatus for measuring the topographic
prop- erties of a surface comprising a source of coherent radiation, means
forsplitting a beam of radiation from said 20  source into a reference beam
and a probe beam, means for sequentially modulating said probe beam at at
least two frequencies, means for recombining said probe beam after
reflection and said reference beam to create an interference pattern and
detector means to detectsaid interference pattern and to produce a
plurality of tone bursts corresponding to sequential variations in said
interference pattern. The invention will now be particularly described with
reference to the accompanying drawings in which: 25   Figure 1      is a
diagrammatic representation of apparatus In accordance with an embodiment
of the in- vention; Figure 2      is a schematic drawing of an electronic
circuit for use with the apparatus of Figure 1; and Figures 3-6    are
graphs showing results obtained with the apparatus of Figure 1. Referring
now to the drawings, Figure 1 shows the configuration of the optical system
of one embodiment 30  of the invention. Light from a laser 1 passes through
a beam splitter 2 to an acousto-optic Bragg cell 3 where it is deflected
through an angle proportional to the frequency of the acoustic wave
incident passing through the cell, [err] or [err]. The light passing
through the Bragg cell is focused telecentrically on to a sample 4
afterwhich it is reflected back through the Bragg cell where it suffers a
second frequency shift. A second component of the light beam from the laser
1 is reflected from a reference mirror 5 (the common reference arm) and
interferes 35  with each reflected beam in turn giving interference terms
at 2[err] and 2[err] respectively which are detected by a photodiode 6. If
these signals are mixed electrically the relative phase between the two
signals corresponds to the relative optical phase between the two beams.
Since these beams are close to each other on the sample the phase
difference gives the differential phase on the object surface. The system
interferes each beam with the common reference arm which allows each beam
to be modulated 40  separately whilst still allowing the relative phase
between the two sample beams to be recovered. The two beams are modulated
with antiphase square waves so that beam A is 'on' whilst beam B (shown in
Figure 1) Is 'off, and vice versa. This is the optimum modulation scheme
for differential intensity signal since it gives the best signal to noise
and is much easier to implement practically. If the two beams were
interfered directly this modulation would not give any interference signal
since the two beams would not overlap in time. The 45  common reference
beam allows one to achieve this interference provided an appropriate
electronic detection is used. This is shown in Figure 2. The outputfrom the
photodetector 6 which is fed to a pre-amplifier 7 is two tone bursts [err]
in antiphase. Since neither overlap in time, they cannot be mixed to
recover the relative phase. The tone bursts are fed by way of a single
pole, double throw switch 8 and multipliers 9,10 to a mixer Ml. The
outputattwice the difference 50  frequency is fed to a further mixer M2.
Output from the pre-amplifier 7 is fed to a pair of filters 11,12 which
select the second harmonics of the fundamental frequencies of the two tone
bursts. The second harmonics are fed to further mixers M3,M4 and the
outputs taken by way of filters 13,14. The purpose of the electronic
configuration is twofold (a) to mixthesignals to a common frequencyand
(b)to pass them through a sufficently narrowfilterwhich, whilst not
substantially reducing the data rate, converts each signal into a
continuous wave 



55  signal whose phase can be compared at the two outputs shown on Figure
2. The net result is that we have constructed two interferometers operating
at different times. Each operates essentially independently in the optical
system. The phase of each is, however, recovered because they are
interfered with the same reference beam. The electronic configuration then
recovers the relative phase be- 2    EP 0 549 614 B1 tween the two beams in
the manner described above. The effects of vibrations are cancelled because
each beam traverses the same path. The preliminary results illustrated in
Figure 3 to 6 show respectively the dif- ferential phase and intensity over
a dust spot and the differential phase and intensity as a step is scanned.
These indicate that, provided a stabilised laser source is used, one can
achieve excellent results which are 5   superior in terms of signal to
noise to those obtained previously with the direct interference systems.
The sys- tem is also much less sensitive to very fine adjustment that is
required in the sinusoidally modulated scheme. With the apparatus of the
present invention, the differential intensity and differential phase signal
have an improved signal to noise ratio. In the case of the differential
intensity signal the requirement to get a very accurate phase difference
between the drives to each beam is a lot easier to achieve so that spurious
signals 10  are reduced. This is made possible by the use of two
interferometers operating in parallel in a time division multiplexed
manner. Claims 15 1. Optical apparatus for measuring the topographic
properties of a surface (4) comprising a source (1) of coherent radiation,
means (2) for splitting a beam of radiation from said source (1) into a
reference beam and a probe beam comprising a plurality of component beams
(A, B), characterised in that it includes means (3) for successively
modulating said component beams (A, B) at at least two frequencies, means
20      (2) for successively recombining said component beams after
reflection with said reference beam to cre- ate an interference pattern and
detector means (6) to detect said interference pattern and to produce a
plurality of tone bursts corresponding to sequential variations in said
interference pattern. 2.  Optical apparatus for measuring the topographic
properties of a surface as claimed in claim 1 wherein 25      said means
(3) for modulating said component beams (A, B) comprises an acousto-optic
Bragg cell adapt- ed to deflect said component beams (A, B) through an
angle dependent on an applied modulating fre- quency. 3.  Optical apparatus
for measuring the topographic properties of a surface as claimed in claim 1
or claim 2 30      wherein said detector means includes mixer means (M1) to
mix signals corresponding to said tone bursts to a common frequency. 4.
Optical apparatus for measuring the topographic properties of a surface as
claimed in claim 3 further in- cluding filter means (11,12) to convert
respective ones of said signals to substantially continous wave sig- 35
nals. 5. Optical apparatus for measuring the topographic properties of a
surface as claimed in claim 4 wherein said detector means includes further
mixer means (M2,M3,M4) and filter means (13,14) to produce output signals
for phase comparison. Patentansprrlche 1.  Optische Vorrichtung zum Messen
dertopografischen Eigenschaften einerOberfliche (4), die emne Quel- 45
le (1) kohirenter Strahlung, eine Einrichtung (2) zum Spalten eines StrahIs
der Quells (1) in elnen Refe- renzstrahl und einen MeSstrahl umfassend eine
Mehrzahl von Komponentenstrahlen (A, B) umfallt, da- durch gekennzeichnet,
daM die Vorrichtung eine Einrichtung (3) zur sukzessiven Modulation der
Kompo- nentenstrahlen (A, B) bei zumindest zwei Frequenzen, eine
Einrichtung (2) zum sukzessiven Rekombi- nieren der Komponentenstrahlen
nach Reflexion mit dam Referenzstrahl zur Erzeugung eines Interfe- 50
renzmusters, und eine Detektoreinrichtung (6) zum Ermitteln des
Interferenzmusters und zur Erzeugung einer Mehrzahl von Tonimpulsen, die
den sequentiellen Variationen in dam Interferenzmuster entspre- chen,
umfaEt. 2.  Optische Vorrichtung zum Messen der topografischen
Eigenschaften einer OberflAche nach Anspruch 56       1, bel der die
Vorrichtung (3) zur Modulation der Komponentenstrahlen (A, B) elne
akustisch-optische 



Bragg-Zelle zum Ablenken der Komponentenstrahlen (A, B) in elnem von einer
verwendeten Modulati- onsfrequenz abhAngigen Winkel umfait. 3    EP 0 549
614 S1 tween the two beams in the manner described above. The effects of
vibrations are cancelled because each beam traverses the same path. The
preliminary results illustrated in Figure 3 to 6 show respectively the dif-
ferential phase and intensity over a dust spot and the differential phase
and intensity as a step is scanned. These indicate that, provided a
stabilised laser source is used, one can achieve excellent results which
are 5   superior in terms of signal to noise to those obtained previously
with the direct interference systems. The sys- tem is also much less
sensitive to very fine adjustment that is required in the sinusoldally
modulated scheme. With the apparatus of the present invention, the
differential intensity and differential phase signal have an improved
signal to noise ratio. In the case of the differential intensity signal the
requirement to get a very accurate phase difference between the drives to
each beam is a lot easier to achieve so that spurious signals 10  are
reduced. This is made possible by the use of two interferometers operating
in parallel in a time division multiplexed manner. Claims 15 1.  Optical
apparatus for measuring the topographic properties of a surface (4)
comprising a source (1) of coherent radiation, means (2) for splitting a
beam of radiation from said source (1) into a reference beam and a probe
beam comprising a plurality of component beams (A, B), characterised In
that it includes means (3) for successively modulating said component beams
(A, B) at at least two frequencies, means 20      (2) for successively
recombining said component beams after reflection with said reference beam
to cre- ate an interference pattern and detector means (6) to detect said
interference pattern and to produce a plurality of tone bursts
corresponding to sequential variations in said interference pattern. 2.
Optical apparatus for measuring the topographic properties of a surface as
claimed in claim 1 wherein 25      said means (3) for modulating said
component beams (A, B) comprises an acousto-optic Bragg cell adapt- ed to
deflect said component beams (A, B) through an angle dependent on an
applied modulating fre- quency. 3.  Optical apparatus for measuring the
topographic properties of a surface as claimed in claim 1 or claim 2 30
wherein said detector means includes mixer means (M1) to mix signals
corresponding to said tone bursts to a common frequency. 4.  Optical
apparatus for measuring the topographic properties of a surface as claimed
in claim 3 further in- cluding filter means (11,12) to convert respective
ones of said signals to substantially continous wave sig- 35      nals. 5.
Optical apparatus for measuring the topographic properties of a surface as
claimed in claim 4 wherein said detector means includes furthermixer means
(M2,M3,M4) and filter means (13,14) to produce output signals for phase
comparison. 40 Patentanspruiche 1.  Optische Vorrichtung zum Messen
dertopografischen Eigenschaften einerOberflAche (4), die sine Quel- 45
le (1) kohArenter Strahlung, sine Einrichtung (2) zum Spalten eines StrahIs
der Quelle (1) in einen Refe- renzstrahl und einen MeRstrahl umfassend eine
Mehrzahl von Komponentenstrahlen (A, B) umfalt, da- durch gekennzeichnet,
daS die Vorrichtung aine Einrichtung (3) zur sukzessiven Modulation der
Kompo- nentenstrahlen (A, B) bei zumindest zwei Frequenzen, aine
Einrichtung (2) zum sukzessiven Rekombi- nieren der Komponentenstrahlen
nach Reflexion mit dem Referenzstrahl zur Erzeugung eines Interfa- 50
renzmusters, und eine Deteltoreinrichtung (6) zum Ermitteln des
Interferenzmusters und zur Erzeugung elner Mehrzahl von Tonimpulsen, die
den sequentiellen Variationen in dem Interferenzmuster entspre- chen,
umfaSt. 2.  Optische Vorrichtung zum Messen der topografischen
Eigenschaften elner OberflAche nach Anspruch 55       1, be! der die
Vorrichtung (3) zur Modulation der Komponentenstrahlen (A, B) eine
akustisch-optische Bragg-Zelle zum Ablenken der Komponentenstrahlen (A, B)
in einem von einer verwendeten Modulati- 



onsfrequenz abhAngigen Winkel umfaMt. 3 l   11111111111111111
EP0549614B1 3.  Optische Vorrichtung zum Messen der topografischen
Elgenschaften elner Oberflache nach Anspruch I oder 2, be! der die
Detektoreinrichtung sine Mischelnrichtung (MI) zum Mischen der den
Tonimpulsen entsprechenden Signale zu elner gemeinsamen Frequenz umfalt. s
4.  Optische Vorrichtung zum Messen der topografischen Eigenschaften einer
Oberfilche nach Anspruch 3, dieferner Filtereinrichtungen (11, 12) zur
Umwandlung derentsprechenden Signale in im wesentlichen kontinuierliche
Wellensignale umfalt. 5.  Optische Vonichtung zum Messen der topografischen
Eigenschaften einer Oberflache nach Anspruch 10      4, be! der die
Deteitoreinrichtung weitere Mischeinrichtungen (M2, M3, M4) und
Flltereinrichtungen (13, 14) zur Erzeugung von Ausgangssignalen zum
Phasenvergleich umfailt Revendicatlons 15 1. Apparell optlque pour mesurer
les propri6t6s topographiques d'une surface (4) comprenant une source (1)
de rayonnement coherent, des moyens (2) pour diviser un faisoeau de
rayonnement venant de ladite source (1) en un falsceau de ref6rence et un
falscoau de sondage comprenant une pluralite de faisceaux constitutife (A,
B), caract6ris6 en ce qu'il comporte des moyens (3) pour moduler
successivement lesdits 20      faisceaux constitutifs (A, B) A au moins
deux frequences, des moyens (2) pour recombiner successive- ment lesdits
faisceaux constitutifs apres r6flexion avec ledit faisceau de r6f6rence
afin de cr6er un motif d'lnterference, et des moyens formant d6tectbur (6)
pour d6tecter ledit motif d'interference et pour pro- duire une pluralit6
de jaillissements de tons correspondant a des variations s6quentielles
dudit motif din- terf6rence. 25 2. Appareil optique pour mesurer les
propri6t6s topographiques d'une surface selon la revendlcation 1, dans
lequel lesdits moyens (3) pour modulor lesdits faisceaux constitutifs (A,
B) comprennent une cellule acousto-optique de Bragg adapt6e A inflechir
lesdits faisceaux constitutifs (A, B) d'un angle dependant d'une fr6quence
de modulation appliquee. 30 3. Appareil optique pour mesurer los propri6tes
topographiques d'une surface selon la revendication I ou la revendication
2, dans lequel lesdits moyens formant d6tecteur comprennent des moyens
formant m6- langeur (MI) pour melanger des signaux correspondant auxdits
jaillissements de tons A une fr6quence commune. 35 4. Appareil optique pour
mesurer les propri6t6s topographiques d'une surface selon la revendication
3, comportant de plus des moyens formantfiltre (11, 12) pour convertirdes
signaux respectifs parmi lesdits signaux en signaux d'ondes sensiblement
continus. 40  5. Appareil optique pour mesurer les propri6t6s
topographiques d'une surface selon la revendication 4, dans lequel lesdits
moyens formant d6tecteur comprennent d'autres moyens formant m6langeur (M2,
M3, M4) et des moyens formantfiltre (13, 14) pour produire des signaux de
sortie pour une comparaison de phase. 45 50 55 4 wtC   L  M S*    


