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Description

[0001] The present invention relates to a spectral inter-
ferometry apparatus and method, which can be used to
supply unambiguous profiles of the reflectivity versus op-
tical path difference and recognise positive from negative
values of optical path difference.
[0002] There is a growing interest in the application of
low coherence interferometry in the general field of sens-
ing. Low coherence interferometry methods provide ab-
solute distance measurements and are well suited for
imaging rough reflecting surfaces or producing slices in
the volume of diffusive and scattering media. There are
different methods which obtain depth resolved informa-
tion using low-coherence optical sources, and one such
method uses dispersion of the spectrum. The periodicity
of the channelled spectrum is proportional to the optical
path difference (OPD) in an interferometer, as described
as long ago as 1837, as the so called "curious bands of
Talbot". Recent presentations of such an old phenome-
non are reported by A.L. King and R. Davis in "The Cu-
rious Bands of Talbot" published in the American Journal
of Physics, vol. 39, (1971), p.1195-1198 and by M. Parker
Givens, "Talbot’s bands", American Journal of Physics,
61, (7), (1993), p. 601-605.
[0003] Channelled spectrum methods have been used
in the sensing and fibre optic sensing field. Recent im-
plementations have used photodetector or CCD arrays
to display the channelled spectrum, as disclosed in
"Channeled Spectrum Display using a CCD Array for Stu-
dent Laboratory Demonstrations", published by A. Gh.
Podoleanu, S. Taplin, D. J. Webb and D. A. Jackson in
the European J. Phys., 15, (1994), p. 266-271. Chan-
nelled spectrum has also been employed in a method
called "spectral optical coherence tomography" (SOCT),
as disclosed in "Coherence Radar and Spectral Radar -
New Tools for Dermatological Diagnosis", published by
G. Hausler and M. W. Lindner, in J. Biomed Optics, Jan.
1998 D, Vol. 3 No. 1, pp. 21-31 and disclosed in the fol-
lowing patents: US 4,932,782, Channelled light spectrum
measurement method and device, P. Graindorge; US
5,317,389; Method and apparatus for white-light dis-
persed-fringe interferometric measurement of corneal to-
pography, Hochberg et al. Further such methods have
been disclosed in US 6,072,765, Optical Disk Readout
Method using Optical Coherence tomography and Spec-
tral Interferometry, by J. P. Rolland and P. J. Delfyett.
The advantage of the spectral methods is that the OPD
information is translated into the periodicity of peaks and
troughs in the channelled spectrum and no mechanical
means are needed to scan the object in depth, in for
example, optical coherence tomography (OCT) of tissue.
Furthermore, no mechanical means are needed to ex-
plore the OPD in multiplexed sensor arrays in such meth-
ods. If multi-layered objects are imaged, such as tissue,
each layer will imprint its own channelled spectrum pe-
riodicity, depending on its depth, with the amplitude of
the spectrum modulation proportional to the square root

of the reflectivity of that layer. A fast Fourier transform
(FFT) of the spectrum of a charge coupled device (CCD)
signal translates the periodicity of the channelled spec-
trum into peaks of different frequency, with the frequency
directly related to the path imbalance. Such a profile is
termed as an A-scan in OCT, i.e. a profile of reflectivity
in depth.
[0004] A possible bulk implementation of a prior art
SOCT apparatus is shown in Fig. 1. In this arrangement,
an optical beam from a source 1 is collimated by a colli-
mating element 2, which could be a simple lens or achro-
mat, or a mirror or combination of lenses or mirrors, to
form the beam 3. The beam 3 is then directed towards a
beam-splitter 4. The source 1 is broadband and may be
for example one or more light emitting diodes, superlu-
miniscent diodes, bulb lamps or short-pulse lasers com-
bined to produce the largest possible bandwidth and min-
imum spectrum ripple by techniques known in the art.
The source 1 has a central wavelength suitable for the
particular object to be investigated. For the investigation
of a patient’s eye using OCT, a wavelength in the near
infrared, such as 800 to 900 nm is used. For examining
skin, a wavelength of 1300 nm may be used. For sensing
applications, wavelengths in the telecommunication
band of 1500 nm are preferably used.
[0005] The light received by the beam-splitter 4 is split
into a first optical path 41 leading to a mirror object 5,
and into a second optical path 42 leading to a reference
mirror 6. After reflection on the two mirrors 5 and 6 and
after crossing the beam-splitter 4, the resulting two
beams are superposed on an optical spectrum dispersing
means, 7, for spectral analysis. The optical spectrum dis-
persing means 7 could be one or more diffraction grat-
ings, one or more prisms, or combination of prisms or
gratings. In the optical spectrum dispersing means 7 the
spectrum is dispersed (when using a prism or prisms) or
diffracted (when using a diffraction grating or gratings),
and a fan of rays with different wavelengths is output.
This is subsequently focused by a focusing element 8
onto a reading element, a linear photodetector array or
a CCD linear array 9. An electrical spectrum analyser 91
provides the FFT of the signal delivered by the reading
element 9.
[0006] The distance from the beam splitter 4 to the mir-
ror 5 is denoted by Z. However, in other prior art arrange-
ments, in which the mirror is replaced by a thick scatter-
ing, multi-layer object, Z is the distance from the beam
splitter 4 to a scattering point or layer within the object.
This means that the object path is 2Z. The distance be-
tween the beam splitter 4 and the mirror 6 is X , which
means that the length of the reference path is 2X.
[0007] The channelled spectrum periodicity depends
on the OPD, defined as: 

1 2 



EP 1 687 586 B1

3

5

10

15

20

25

30

35

40

45

50

55

[0008] Consider the arrangement in which the mirror
5 is replaced by a thick scattering multi-layer object. In
this case, as the periodicity depends on the modulus of
the OPD, scatterers or layers symmetrically placed
around the position at which the OPD is zero give the
same periodicity in the channelled spectrum. If Fourier
transformed, besides the terms corresponding to the use-
ful range of OPDs, symmetrically placed terms are ob-
tained, often referred as mirror terms and a problem as-
sociated with Fourier domain OCT can be termed as the
problem of mirror terms. This introduces errors in the
depth profile of the OCT system used for imaging. Equiv-
alently when channelled spectrum is used for sensing,
there is a cross-talk of signals from sensors placed at the
same value of OPD either side of the zero point. There-
fore, all the prior art spectral (Fourier domain) OCT meth-
ods discussed above rely on an adjustment of the object
position in such a way that the scatterers in the depth of
the object are confined within a single sign range of
OPDs, i.e. either positive or negative. Such an adjust-
ment complicates the measurement procedure, and may
not be applicable in all situations.
[0009] For the purposes of this description, the OPD
in the interferometer will be defined as the Object Path
Length minus the Reference Path Length. For example,
if the object to be examined is the retina, then the origin
of OPD could be set somewhere in the vitreous, in front
of the retinal nerve fibre layer. This will mean that the
retina scatterers are all at positions such that the OPD
is greater than zero. However, if the vitreous has defects
within the same path range, then these defects will ap-
pear in the final depth profile of the retina. Thus, a need
exists for procedures to eliminate the peaks outside the
interesting range, or to make the system sensitive to the
sign of the OPD.
[0010] A method called "phase shifting spectral inter-
ferometry" has recently been introduced to eliminate the
terms for one sign of the OPD range, in order to address
the problem of mirror terms. By introducing exact phase
shifts between the two optical interferometer paths of
successive CCD frames, and combining the spectra col-
lected, it is possible to reduce the noise as well as elim-
inate one of the autocorrelation terms in the electrical
Fourier transform spectrum of the CCD signal (for posi-
tive or negative OPD). The method allows correct recon-
struction of layers in depth. However, phase shifting
spectral interferometry has the following disadvantages.
The phase shifts have to be accurate to within a few de-
grees, which requires precise control of the movement
of the reference mirror. Also, because the final spectrum
is delivered only after at least a number M of spectra are
collected, the process is M times slower than conven-
tional methods. A method of phase shifting spectral inter-
ferometry using five steps was disclosed in: "Fourier-do-
main optical coherence tomography: next step in optical
imaging", by M. Wojtkowski, A. Kowalczyk, P. Targowski,
I. Gorczynska, published in Optica Applicata, Vol. XXXII,
No. 4, (2002), p. 569 - 580. When using this method, five

frames are required before providing an OCT image.
However, the most important disadvantage associated
with phase shifting spectral interferometry is movement
of the object being examined, for example tissue. Move-
ment of the tissue being examined alters the value of the
phase shift and has the effect of bringing back the terms
for the sign of OPD (i.e. positive or negative) which oth-
erwise would have been cancelled by the phase shifting
method.
[0011] The paper entitled "Theoretical Study of Talbot-
like Bands Observed Using a Laser Diode Below Thresh-
old", by A. Gh. Podoleanu, S. Taplin, D. J. Webb and D.
A. Jackson, published in J. Pure and Applied Optics, Vol.
7, (1998), pp. 517-536 and "Talbot-like Bands for Laser
Diode Below Threshold", by A. Gh. Podoleanu, S. Taplin,
D. J. Webb, D. A. Jackson, published in J. Pure and Ap-
plied Optics, vol. 6, issue 3, (1997), pp. 413 - 424, both
report about Talbot bands using laser diodes below
threshold levels. The latter paper also introduces a mod-
ified Michelson interferometer and such an apparatus will
now be described with reference to Fig. 2.
[0012] Figure 2 shows a similar arrangement to Fig. 1,
but with the addition of two screens 20 placed in the op-
tical paths 41 and 42. The two screens are arranged to
block out half the diameter of the optical beams 41 and
42. Explanation of operation of the set-up in Fig. 2 will
be provided for the case when the dispersing means 7
is a diffraction grating.
[0013] Consider the situation in which the beam reach-
ing the diffraction grating 7 covers N grating lines. By
introducing two screens 20, halfway through into the two
optical paths, spatial separation of the two beams 41’
and 42’ occurs. The beams 41’ and 42’ are what is left
out of the beams 41 and 42 after passing through the
beam-splitter 4.
[0014] Usually, for maximum visibility of the interfer-
ence result, those skilled in the art of interferometry un-
derstand that the height of the object beam 41 has to be
adjusted to be at the same height as the reference beam
42. This can be achieved by conveniently tilting the beam-
splitter 4, mirrors 5 and 6, to cause the beams 41 and 42
after reflection on mirrors 5 and 6 to be at the same height
with the incoming beam 3. The beams 3, 41 and 42 are
in the plane of the drawing. After introducing the two
screens 20 into the two optical paths, the resulting beams
41’ and 42’ are parallel and relatively displaced in a dis-
placing plane which in this particular case is identical with
the drawing plane. The line connecting the centres of the
two displaced beams 41’ and 42’ drawn in a direction
perpendicular to the two beams is perpendicular to the
grating lines.
[0015] The election in OPD can be explained by con-
sidering the two beams output of the interferometer as
comprising a number of wavelets equal to the number of
grating lines excited. In the arrangement shown in Fig.
2, the screens 20 are introduced halfway through the
diameter of the beam and N/2 lines are excited instead
of N lines corresponding to the whole beam diameter,
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therefore each wave-train comprises N/2 wavelets. As
consequence of the Bragg grating equation applied for
the first diffraction maximum, there is a delay of λ be-
tween each wavelet and its neighbour in the wave- train.
This means that each wave-train is Nλ/2 long. Due to the
action of the two screens 20, the two beams 41’ and 42’
are laterally displaced by a half-diameter of the initial
beam. In the same way there is a delay of λ due to the
Bragg equation from a grating line to the next grating line,
there is an intrinsic initial delay of Nλ/2 between the two
wave-trains diffracted, because the half diameter covers
N/2 grating lines. Therefore, for the condition that the
OPD is zero in the interferometer, the two wave-trains of
length N/2 after diffraction incur an intrinsic delay of Nλ/2.
This means that their overlap is zero, which results in the
channelled spectrum visibility being zero. By increasing
the OPD in the interferometer, the wave-trains will over-
lap which results in a channelled spectrum. The minimum
measurable OPD is the coherence length of the source,
LC, when at least two peaks are generated in the chan-
nelled spectrum. The overlap of the two wave-trains is
maximum when the OPD in the interferometer equals
Nλ/2, i.e. when the wave-trains are delayed by Nλ/2. In
other words, the OPD in the interferometer has totally
compensated for the intrinsic delay. It will readily be ap-
parent to those skilled in the art that the overlap of the
wave-trains reduces again when the OPD in the interfer-
ometer is larger, with the overlap reduced to zero when
the wave-trains are delayed by their length in top of the
intrinsic delay, i.e. for a total delay of Nλ which gives the
maximum OPD range.
[0016] The OPD created in the interferometer is not
sufficient in order to explain behaviour of the apparatus
in Fig. 2. The OPD created in the interferometer combines
with the intrinsic delay between the two laterally dis-
placed beams, Nλ/2, however, the channelled spectrum
periodicity corresponds to the OPD in the interferometer
only.
[0017] As explained in Podoleanu’s papers mentioned
above, delaying the two sides of the beam propagating
to the grating results in a channelled spectrum when the
OPD in the interferometer has a particular sign only.
These papers make distinction between two cases, des-
ignated as L and R.
[0018] In the L case, the angles at which the diffraction
grating 7 is used and the position of the screens 20 are
such that the component of the reference beam 42’ after
diffraction is delayed by Nλ/2 behind the wave left from
the object beam 41’ after diffraction. This means that an
OPD in the Michelson interferometer produces a chan-
nelled spectrum and modulation of the CCD photodetec-
tor signal as long as it is between zero and Nλ.
[0019] In the R case, the angles at which the diffraction
grating is used and the position of the screens are such
that the wavetrain of the beam 41’ after diffraction is de-
layed by an intrinsic delay Nλ/2 behind the wavetrain of
the beam 42’ after diffraction. This means that an OPD
in the Michelson interferometer produces modulation of

the CCD photodetector spectrum as long as it is between
zero and -Nλ.
[0020] If the screens 20 are introduced into the beams
41 and 42 from the other side, then the beams 41’ and
42’ change their position after the beam-splitter 4 and
the behaviour of the system changes from the case R to
L and vice versa.
[0021] Similar explanations can be provided for other
orders of diffraction or for a prism based spectral analys-
ing element. In fact, the Talbot bands have been ob-
served using a prism. When using the prism, the two
incident beams are parallel and in a plane defined by the
normal to the incident surface and the prism bisectrix.
The fans of dispersed rays from both beams are con-
tained in the same plane, defined by the normal to the
exit surface and the prism bisectrix.
[0022] This is the key element in implementing a spec-
tral OCT which can produce correct A-scans even if the
origin of OPD in the interferometer is within the tissue.
This is also the key element in selecting sensors in a
multiplexed array by spectral low coherence interferom-
etry, depending on the OPD corresponding to each sen-
sor. However, the implementation described in the
Podoleanu’s papers above reduces the power of the sig-
nal two times in each beam due to the presence of the
screens. Secondly, the low coherence sources are very
sensitive to optical feedback and the Michelson interfer-
ometer returns light back to the source. Thirdly, the meth-
od of modifying the wave-train lengths in the two beams
using the screens is inefficient, and the power is depend-
ent on the position of the screens. Furthermore, the dis-
closure of the two Podoleanu’s papers was restricted to
the simplification of the spectral terms encountered in
the Fourier transform of the channelled spectrum when
a cavity low coherence source was used.
[0023] TAPLIN S R ET AL: "WHITE-LIGHT DIS-
PLACEMENT SENSOR INCORPORATING SIGNAL
ANALYSIS OF CHANNELED SPECTRA" PROCEED-
INGS OF THE SPIE, SPIE, BELLINGHAM, VA, US, vol.
2292, 25 July 1994-07-25), pages 94-100, XP009041729
ISSN: 0277-786X discloses a technique for distance
measurement in which the spectrum from a sensing inter-
ferometer is monitored directly with the aid of a diffraction
grating and a linear CCD array. The method is a form of
white light interferometry whereby a diffraction grating
disperses the composite frequencies which are then ex-
amined by the CCD array.
[0024] WOJTKOWSKI M ET AL: "Real-time in vivo im-
aging by high-speed spectral optical coherence tomog-
raphy" OPTICS LETTERS, OPTICAL SOCIETY OF
AMERICA, WASHINGTON, US, vol. 28, no. 19, 1 Octo-
ber 2003 (2003-10-01), pages 1745-1747,
XP002272407 ISSN: 0146-9592 discloses a spectral op-
tical coherence tomography technique that aims to obtain
cross-sectional ophthalmic images.
[0025] LEITGEB R ET AL: "SPECTRAL MEASURE-
MENT OF ABSORPTION BY SPECTROSCOPIC FRE-
QUENCY-DOMAIN OPTICAL COHERENCE TOMOG-
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RAPHY" OTPICS LETTERS, OPTICAL SOCIETY OF
AMERICA, WASHINGTON, US, vol. 25, no. 11, 20 June
2000 (2000-06-20), pages 820-822, XP000951878
ISSN: 0146-9592 discloses a method of measurement
that combines Fourier-domain optical coherence tomog-
raphy with spectroscopy.
[0026] The object of the invention is to provide a spec-
tral interferometry method and apparatus that obviates
or ameliorates the above described problems associated
with conventional means.
[0027] In general terms in embodiments of the inven-
tion, there is provided a spectral interferometry apparatus
which comprises or is excited by an optical source. The
optical source is arranged to provide two beams, an ob-
ject beam which interacts with an object, and a reference
beam arranged to have a path length of the order of the
object beam path in order to elicit the interference effect
to a workable extent. There may be some differences in
the path lengths (optical path difference) especially in
multi-layer objects with scattering points at different
depths. Also the optical path difference may be purposely
adjusted for various applications. The object and the ref-
erence beams are incident upon an optical spectrum dis-
persing means such as a diffraction grating or prism or
some other device arranged to separate their spectral
content. The object and reference beams are displaced
laterally with respect to their paths such that they are
incident on different parts of the dispersing means sur-
face which is arranged at an angle to their respective
paths in order to provide spectral dispersion. Thus any
optical path difference together with the "intrinsic" path
difference introduced by the angled dispersing surface
will generate a channelled spectrum from the activity of
the dispersing means.
[0028] The apparatus is arranged such that substan-
tially the full power of the optical source is guided along
the object beam path and the reference beam path. This
can be achieved for example by avoiding the use of
screens inserted to partially block the beams, and replace
these for example with reflecting mirrors, focusing lens-
es, deflectors such as acoustic deflectors, refracting de-
vices, fibre optic cable guidance arrangements, or a com-
bination of these. By avoiding partial blocking of the
beams, improved efficiency can be accomplished.
[0029] According to a first aspect of the invention, there
is provided a spectral interferometry apparatus as set out
in claim 1.
[0030] Such an interferometry apparatus provides an
efficient means for displacing the object beam and the
reference beam. In embodiments of the present invention
the displacement can performed by any combination of
reflection, deflection and refraction. Hence, the displace-
ment does not reduce the power of the object and refer-
ence beams.
[0031] The displacing means could introduce the rel-
ative displacement between the relatively displaced ob-
ject beam and the relatively displaced reference beam
by displacing either the object beam or the reference

beam, or both. If the only the object beam is displaced,
then the relatively displaced reference beam could be
the same as the unaltered reference beam. Similarly, if
the only the reference beam is displaced, then the rela-
tively displaced object beam could be the same beam as
the object beam.
[0032] Therefore, it will be understood that the use of
the terms "relatively displaced object beam" and "rela-
tively displaced reference beam" does not exclude ap-
paratuses in which only one of the object or reference
beam is displaced.
[0033] The displacing means may comprise at least
two reflective elements, one of said at least two reflective
elements being arranged to reflect the object beam and
another of said at least two reflective elements being ar-
ranged to reflect the reference beam.
[0034] The displacing means may comprise at least
one acoustic-optic modulator that is capable of deflecting
beams.
[0035] According to a second aspect of the invention,
there is provided a spectral interferometry apparatus as
set out in claim 4.
[0036] According to a second aspect of the invention,
there is provided a spectral interferometry apparatus,
comprising an interferometer adapted to be excited by
an optical source, the said interferometer comprising: ob-
ject optics arranged to transfer a beam from the optical
source to a target object to produce an object beam; ref-
erence optics arranged to produce a reference beam;
displacing means arranged to displace at least one of
the object beam and the reference beam to produce a
relatively displaced object beam and a relatively dis-
placed reference beam; wherein there is an optical path
difference between the relatively displaced object beam
and the relatively displaced reference beam generated
in the interferometer; and optical spectrum dispersing
means arranged to receive the two relatively displaced
beams, and to disperse their spectral content onto a read-
ing element; wherein in use the combination of the dis-
placing means and the optical spectrum dispersing
means is arranged to create an intrinsic optical delay
between the wavetrains of the two relatively displaced
object beam and the relatively displaced reference beam
which can be used with the optical path difference in the
interferometer to generate a channelled spectrum for the
optical path difference in the interferometer on the read-
ing element; and wherein one of the object optics or the
reference optics includes fibre optics comprising a fibre
end arranged to transmit a respective one of the object
beam or the reference beam, and the displacing means
is arranged to produce the relatively displaced object
beam and the relatively displaced reference beam by
movement of the fibre end.
[0037] The displacing means may be further arranged
to produce the relatively displaced object beam and the
relatively displaced reference beam by a combination of
moving the fibre end and any one or combination of re-
flection, deflection, and refraction.
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[0038] The displacing means may further be arranged
to produce the relatively displaced object beam and the
relatively displaced reference beam by a combination of
moving the relative positions of an object fibre end and
a reference fibre end and any one or combination of re-
flection, deflection, and refraction.
[0039] In some embodiments, the displacing means is
adapted to alter the diameters of at least one of the object
beam and the reference beam.
[0040] In some embodiments, means arranged to con-
trol the optical path difference in the interferometer may
be provided. Means arranged to control the intrinsic op-
tical delay between the relatively displaced object beam
and the relatively displaced reference beam may also be
provided. The means arranged to control the optical path
difference and the intrinsic optical delay may comprise
processing means.
[0041] The reading element may be arranged to pro-
vide a signal to a signal analyser, the signal analyser
being arranged to determine the distribution of reflections
or scattering points in a depth range within the target
object. The apparatus may be arranged to adjust the
depth range by adjusting the diameter of at least one of
the relatively displaced object beam and the relatively
displaced reference beam.
[0042] Means to match the polarization of the relatively
displaced object and the relatively displaced reference
beam with that of the optical dispersing means may also
be provided.
[0043] In some embodiments, means to compensate
for dispersion in the interferometer may also be provided.
[0044] The displacing means may adapted to relatively
orient the relatively displaced object beam and the rela-
tively displaced reference beam in a displacement plane.
The displacing means may adapted to permit adjustment
of the relatively displaced object beam and the relatively
displaced reference beam until they become parallel in
the displacement plane.
[0045] The displacement means may be arranged to
permit an adjustable lateral superposition of the two rel-
atively displaced beams in the displacement plane onto
the optical spectrum dispersing means in order to en-
hance the strength of the signal for small optical path
difference values, wherein the lateral superposition is
from partial superposition to a total overlap.
[0046] The displacing means may be adapted to rela-
tively orient the relatively displaced object beam and the
relatively displaced reference beam such that they hit
different portions of the optical spectrum dispersing
means.
[0047] The optical spectrum dispersing means may
comprise any one of or combination of: a diffraction grat-
ing, a prism; a group of prisms; a group of diffraction
gratings.
[0048] The optical spectrum dispersing means may
comprise a diffraction grating, wherein grating lines of
the diffraction grating are perpendicular to a line connect-
ing the centre of the relatively displaced reference beam

and the centre of the relatively displaced object beam.
[0049] The optical spectrum dispersing means may
comprise a prism including an entrance surface, wherein
a line connecting the centre of the relatively displaced
reference beam and the centre of the displaced object
beam, is within the plane defined by the normal to the
entrance surface of this prism and its bisectrix.
[0050] The reference optics may comprise at least one
reflector arranged to provide a reference light source by
reflecting a beam of the optical source, wherein the po-
sition or tilt of the reflector can be adjusted in order to
control the optical path difference of the relatively dis-
placed object beam and the relatively displaced refer-
ence beam.
[0051] The reference optics may be arranged to trans-
fer an optical beam from the optical source to the dis-
placing means along via fibre optics or via reflectors ar-
ranged to prevent light form being sent back to the optical
source.
[0052] The object optics comprises a first zoom ele-
ment arranged to alter the diameter of the object beam.
A third zoom element may be provided to alter the diam-
eter of the relatively displaced object beam.
[0053] The reference optics may comprise a second
zoom element arranged to alter the diameter of the ref-
erence beam. A fourth zoom element may be provided
to alter the diameter of the relatively displaced reference
beam.
[0054] The displacement means may be arranged to
create an adjustable gap between the two relatively dis-
placed beams in order to adjust the minimum optical path
difference value for which a modulation of the optical
spectrum could be sensed at the reading element.
[0055] By allowing some overlap of the two laterally
displaced beams, the signal for small OPD values is en-
hanced. This may be desired in those cases where the
OPD = 0 position could be placed within the multi-layer
object and there is a lack of scattering points on one side
of the OPD =0 depth.
[0056] The interference between the two relatively dis-
placed beams in the interferometer may take place en-
tirely on the said reading element.
[0057] The interference between the two relatively dis-
placed beams is arranged to take place partially on the
said reading element and partially on the said optical
spectrum dispersing means.
[0058] The displacing means may be arranged to ad-
just the amount of lateral superposition of the said dis-
placed beams in order to enhance the strength of the
signal for small optical path difference values.
[0059] The processing means may be arranged to con-
trol the displacing means in order to adjust the gap be-
tween the relatively displaced object beam and the rela-
tively displaced reference beam in order to alter the min-
imum optical path difference value for which a modulation
of the optical spectrum could be sensed at the reading
element.
[0060] The object optics may comprise a scanning el-
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ement, the scanning element being arranged to scan the
target object. The scanning element may be arranged to
perform any one of combination of: linear scanning;
raster scanning; elicoidal scanning; circular scanning; or
any other random shaped scanning.
[0061] The scanning element can be used to obtain
cross section images from the inside of the object which
are free of the mirror terms. By repeating the acquisition
of cross sections at different transverse positions, several
cross sections from inside the object can be acquired
which subsequently, by software means are used to re-
construct a 3D volume of the object free of mirror terms.
[0062] Focusing elements may be provided in the ob-
ject optics to enhance the signal strength from a particular
depth within the object.
[0063] The interferometer may comprise an in-fibre or
a bulk interferometer or a hybrid interferometer of in-fibre
and bulk components.
[0064] The said optical source may be a low coherence
source.
[0065] The reading element may comprise: a photo-
detector array; a CCD linear array; a two dimensional
array of photodetectors; a two dimensional CCD array;
or a point photodetector over which the dispersed spec-
trum is scanned.
[0066] In some embodiments, the apparatus further
comprises: beam splitting means arranged to receive the
object beam and the reference beam and to produce a
second object beam and a second reference beam; sec-
ond displacing means arranged to displace at least one
of the second object beam and the second reference
beam to produce a second relatively displaced object
beam and a second relatively displaced reference beam,
second optical spectrum dispersing means arranged to
receive the second relatively displaced object beam and
the second relatively displaced reference beam, and to
disperse their spectral content onto a second reading
element; wherein in use the combination of the second
displacing means and the second optical spectrum dis-
persing means is arranged to create a second intrinsic
optical delay between the wavetrains of the second rel-
atively displaced object beam and the second relatively
displaced reference beam which can be used with the
optical path difference in the interferometer to generate
a channelled spectrum for the optical path difference in
the interferometer on the second reading element.
[0067] The second displacing means may be adapted
to produce the second relatively displaced object beam
and the second relatively displaced reference beam by
using one or a combination of reflection, deflection and
refraction of at least one of the second object beam and
the second reference beam.
[0068] The optical spectrum dispersing means and the
second optical dispersing means may be oriented in such
way that in combination with their respective relatively
displaced object beam and relatively displaced reference
beam, the spectrally dispersed beams from the optical
spectrum dispersing means and the second optical dis-

persing means exhibit intrinsic delays of opposite sign.
[0069] The second reading element may be arranged
to provide a signal to a second signal analyser, and ap-
paratus may provide a profile of reflectivity versus optical
path difference for the target object covering both signs
of optical path difference values on the basis of signals
output from the signal analyser and the second signal
analyser.
[0070] The second optical dispersing means may com-
prise a diffraction grating or gratings, the diffraction grat-
ing or gratings being arranged to diffract orders of oppo-
site sign to the said reading element and the said second
reading element.
[0071] The optical dispersing means and the second
optical dispersing means may each comprise one or
more prisms, the one or more prisms being arranged
such that the relatively displaced object beam or the rel-
atively displaced reference beam is closest to prism apex
in the optical dispersing means and the second relatively
displaced reference beam or the second relatively dis-
placed object beam respectively is closest to the prism
apex in the second optical dispersing means.
[0072] In some embodiments, a signal output of each
of the reading element and the second reading element
is sent to a separate frequency to amplitude converter,
and the apparatus is arranged such that the output of
one frequency to amplitude converter is summed to an
inverted output of the other frequency to amplitude con-
verter in order to provide a signal strength proportional
to the axial position of a single layer object irrespective
of the OPD sign.
[0073] In some embodiments, the apparatus further
comprises: third beam splitting means arranged between
the displacing means and the optical spectrum dispersing
means, the beam splitting means being arranged to re-
ceive the relatively displaced object beam and the rela-
tively displaced reference beam to produce a third rela-
tively displaced object beam and a third relatively dis-
placed reference beam; third displacing means arranged
to adjust the relative displacement of at least one of the
third relatively displaced object beam and the third rela-
tively displaced reference beam; third optical spectrum
dispersing means arranged to receive the third relatively
displaced object beam and the third relatively displaced
reference beam, and to disperse their spectral content
onto a second reading element; wherein in use the com-
bination of the third displacing means and the third optical
spectrum dispersing means is arranged to create a third
intrinsic optical delay between the wavetrains of the third
relatively displaced object beam and the third relatively
displaced reference beam which can be used with the
optical path difference in the interferometer to generate
a channelled spectrum for the optical path difference in
the interferometer on the third reading element.
[0074] The third displacing means may be adapted to
adjust the relative displacement of at least one of the
third relatively displaced object beam and the third rela-
tively displaced reference beam using one or a combi-
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nation of reflection, deflection and refraction of at least
one of the third relatively displaced object beam and the
third relatively displaced reference beam.
[0075] For a sufficiently large gap between two dis-
placed beams, a maximum of sensitivity is registered for
a certain optical path difference in the interferometer with-
in the depth interval range which corresponds to a depth
value, dM in the object. Focussing elements may be ad-
justed to create a focus which: i) coincides with dM, in
order to create a narrow profile of the sensitivity versus
optical path difference in the interferometer and depth in
the object; ii) differs from dM, in order to flatten the profile
of the sensitivity versus optical path difference in the inter-
ferometer and depth in the object.
[0076] The source may be a low coherence source the
output of which is send with a delayed replica by means
of an optical duplicating element.
[0077] For an object to be investigated having a thick-
ness less than half of the depth range of the apparatus,
the output of the low coherence source may sent to the
spectral interferometry apparatus together with a de-
layed replica, via an optical duplicating element, which
generates a differential delay smaller than the maximum
optical path range to which the apparatus is sensitive, or
preferably, close to middle of this range. The gap be-
tween the two displaced beams may be adjusted larger
than the sum of their radiuses, in order to make the ap-
paratus sensitive to the depth range of OPD sign to which
the apparatus was insensitive before the introduction of
the differential delay, and the OPD values rejected with-
out the differential delay appear in the range interval
(Maximum depth range of the apparatus minus the dif-
ferential delay - Maximum depth range of the apparatus).
[0078] The optical duplicating element may comprise
a first single mode coupler whose outputs are connected
to two inputs of a second single mode coupler in order
to create the delayed replica of the optical source. This
may create a delayed replica of the optical source de-
layed by the differential delay between the two leads con-
necting the first and the second single mode coupler.
[0079] The optical duplicating element may comprise
a transparent optical material in the form of a plate with
parallel surfaces, which is introduced halfway through
into the beam of the optical source in such a way that its
edge is parallel to the displacement plane.
[0080] The source may be a low coherence source
comprising a laser driven below threshold.
[0081] The cavity length may be smaller than the max-
imum optical path range to which the apparatus is sen-
sitive, or preferably, close to middle of this range. When
the gap between the two displaced beams is adjusted
larger than the sum of their radiuses, the apparatus is
sensitive to the depth range of OPD sign to which the
apparatus would be insensitive if a non-cavity low coher-
ence source was used. The OPD values rejected when
using a non-cavity low coherence source appear in the
range interval (Maximum depth range of the apparatus
minus the optical laser cavity length - Maximum depth

range of the apparatus).
[0082] The optical source may a non-cavity source ex-
hibiting satellite peaks in the autocorrelation function, and
the differential delay value according may match the val-
ue of the OPD of the first satellite peak.
[0083] Polarisation modulators and waveplates may
be used in the object and reference beams or in the said
displaced object and reference beams to provide polar-
isation sensitive tomograms, free of mirror terms.
[0084] According to a third aspect of the invention,
there is provided a spectral interferometry method as set
out in claim 53.
[0085] According to a fourth aspect of the invention,
there is provided a spectral interferometry method as set
out in claim 55.
[0086] The method may comprise using beam splitting
means to receive the object beam and the reference
beam and to produce a second object beam and a second
reference beam; using second displacing means ar-
ranged to displace at least one of the second object beam
and the second reference beam to produce a second
relatively displaced object beam and a second relatively
displaced reference beam, using second optical spec-
trum dispersing means arranged to receive the second
relatively displaced object beam and the second relative-
ly displaced reference beam, and to disperse their spec-
tral content onto a second reading element; wherein in
use the combination of the second displacing means and
the second optical spectrum dispersing means creates
a second intrinsic optical delay between the wavetrains
of the second relatively displaced object beam and the
second relatively displaced reference beam which can
be used with the optical path difference in the interfer-
ometer to generate a channelled spectrum for the optical
path difference in the interferometer on the second read-
ing element.
[0087] The second displacing means may produce the
second relatively displaced object beam and the second
relatively displaced reference beam by using one or a
combination of reflection, deflection and refraction of at
least one of the second object beam and the second ref-
erence beam.
[0088] The method may comprise orienting the optical
spectrum dispersing means and the second optical dis-
persing means in such way that in combination with their
respective relatively displaced object beam and relatively
displaced reference beam, the spectrally dispersed
beams from the optical spectrum dispersing means and
the second optical spectrum dispersing means exhibit
intrinsic delays of opposite sign.
[0089] The second reading element may provide a sig-
nal to a second signal analyser, and the method further
comprise providing a profile of reflectivity versus optical
path difference for the target object covering both signs
of optical path difference values on the basis of signals
output from the signal analyser and the second signal
analyser.
[0090] A signal output of each of the reading element
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and the second reading element may be sent to a sep-
arate frequency to amplitude converter, the apparatus
being arranged such that the output of one frequency to
amplitude converter is summed to an inverted output of
the other frequency to amplitude converter in order to
provide a signal strength proportional to the axial position
of a single layer object irrespective of the OPD sign.
[0091] The method may comprise using third beam
splitting means arranged between the displacing means
and the optical spectrum dispersing means to receive
the relatively displaced object beam and the relatively
displaced reference beam and to produce a third rela-
tively displaced object beam and a third relatively dis-
placed reference beam; using third displacing means to
adjust the relative displacement of at least one of the
third relatively displaced object beam and the third rela-
tively displaced reference beam; using third optical spec-
trum dispersing means to receive the third relatively dis-
placed object beam and the third relatively displaced ref-
erence beam, and to disperse their spectral content onto
a second reading element; wherein in use the combina-
tion of the third displacing means and the third optical
spectrum dispersing means is creates a third intrinsic
optical delay between the wavetrains of the third relative-
ly displaced object beam and the third relatively displaced
reference beam which can be used with the optical path
difference in the interferometer to generate a channelled
spectrum for the optical path difference in the interferom-
eter on the third reading element.
[0092] The third displacing means may adjust the rel-
ative displacement of at least one of the third relatively
displaced object beam and the third relatively displaced
reference beam using one or a combination of reflection,
deflection and refraction of at least one of the third rela-
tively displaced object beam and the third relatively dis-
placed reference beam.
[0093] The method may further comprise arranging the
signal analyser and the second signal analyser (or third
signal analyser) in such a way that only two main peaks
are retained in total in the accumulated signal output of
the signal analyser and the second signal analyser (or
third signal analyser), and determining the thickness of
the object on the basis of the difference between the max-
imum and minimum frequency of the two peaks arising
at the output of one of the signal analyser and the second
signal analyser (or third signal analyser) when no other
signal exceeds a threshold at the output of the other of
the signal analyser and the second signal analyser (or
third signal analyser).
[0094] The method may further comprise arranging the
signal analyser and the second signal analyser (or third
signal analyser) in such a way that only two main peaks
are retained in total in the accumulated signal output of
the signal analyser and the second signal analyser (or
third signal analyser), and determining the thickness of
the object on the basis of the sum of the extreme fre-
quencies of the signal analyser and the second signal
analyser (or third signal analyser) when the signal ex-

ceeds a threshold only once in the output of each of the
signal analyser and the second signal analyser (or third
signal analyser).
[0095] A thresh-holding circuit may be mounted at the
output of each of the signal analyser and the second sig-
nal analyser (or third signal analyser) to discard non-es-
sential peaks which represent noise and peaks from the
target of smaller amplitudes in such a way that only two
main peaks are retained in total in accumulated signal
output of the signal analyser and the second signal an-
alyser (or third signal analyser).
[0096] The novel features which are believed to be
characteristic of the present invention, as to its structure,
organization, use and method of operation, together with
further objectives and advantages thereof, will be better
understood from the following drawings in which pres-
ently preferred embodiments of the invention will now be
illustrated by way of example.
[0097] It is expressly understood, however, that the
drawings are for the purpose of illustration and descrip-
tion only and are not intended as a definition of the limits
of the invention. Embodiments of this invention will now
be described by way of example in association with the
accompanying drawings in which:

Fig. 1 shows prior art of a spectral OCT;

Fig. 2 shows a prior art apparatus in which the two
sides of the beams inside a Michelson interferometer
are split in order to generate Talbot bands;

Fig. 3 shows a first version of the embodiment of an
efficient optical configuration to be used in a spectral
interferometry apparatus selective in OPD in order
to deliver unambiguous A-scans in a multi-layered
object;

Figure 4 shows a comparison of depth profiles de-
livered by the prior art apparatus shown in Fig. 1 and
the embodiment of the invention shown in Fig. 3.

Fig. 5 shows a second embodiment of a spectral
interferometry apparatus according to the invention
that is selective in OPD which can deliver OCT B
scan images or 3D volumetric data of a scattering or
multi-layered object;

Fig. 6 shows a third embodiment of a spectral inter-
ferometry apparatus according to the invention that
is selective in OPD which can deliver OCT B scan
images or 3D volumetric data of a scattering or multi-
layered object;

Fig. 7 shows a fourth embodiment of a spectral inter-
ferometry apparatus according to the invention;

Fig. 8 shows a fourth embodiment of a spectral inter-
ferometry apparatus according to the invention;
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Fig. 9 shows a modification applicable to all previous
embodiments of the spectral interferometry appara-
tus according to the invention in order to provide sig-
nal irrespective of the OPD sign;

Fig. 10a, Fig. 10b and Fig 10c. show the A-scan out-
put of the embodiment in Fig. 9;

Fig. 11a, Fig. 11b and Fig 11c. show the output signal
of a prior art apparatus equipped with phase shifting
interferometery to deliver unambiguous A-scans free
of the mirror terms; and

Fig. 12 shows the position tracking signal of the axial
position of a single layer object that can be delivered
by embodiments of the invention.

[0098] Components which are the same in the various
figures have been designated by the same numerals for
ease of understanding.
[0099] Where optical fibres are used, this is only as an
example and it should be noted that a bulk implementa-
tion is equally feasible, in which case the respective el-
ements using in-fibre components, are to be replaced by
optical paths and the directional fibre couplers by plate
beam-splitters. Likewise, where bulk components are
used, they could equally be replaced by optical fibre com-
ponents.
[0100] The novel features which are believed to be
characteristic of the present invention, as to its structure,
organization, use and method of operation, together with
further objectives and advantages thereof, will be better
understood from the following discussion.
[0101] Fig. 3 shows a spectral interferometry appara-
tus 100 according to a first embodiment of the present
invention. The apparatus 100 is selective in OPD and is
capable of generating unambiguous A-scans based on
a white light interferometer. Different interferometer con-
figurations can be envisaged to produce two beams, an
object beam directed to the target and a reference beam.
To avoid light being sent back to the source, a re-circu-
lating reference beam configuration is illustrated in Fig. 3.
[0102] As opposed to prior art implementations of
spectral (or Fourier domain) OCT, in which the two beams
from the object and from the reference paths are spatially
superposed on the spectral analysing element, in em-
bodiments of the present invention the two beams are
relatively displaced from each other on the spectral an-
alysing element. In prior art arrangements, for example
those described in papers by Hausler and US patents
4,932,782, or 5, 317,389 mentioned above, in the inter-
ference result is sent to the dispersing element, ie the
interference has taken place before the dispersion (dif-
fraction). In embodiments of the present invention, es-
sentially the interference takes place after dispersion (dif-
fraction).
[0103] The apparatus shown in Figure 3 comprises a
source 1, a collimating element 2 and a beam splitter 4.

A first optical path 41 is defined in the apparatus that
leads from the beam splitter 4 to a target object 55. A
second optical path 42is defined, in the apparatus that
leads from the beam splitter 4 to a mirror 52 via two re-
circulating mirrors 61 and 62, which are arranged on a
translation stage 63. A third optical path is defined in the
apparatus that leads from the beam splitter 4 to a mirror
51. A zoom element 32 is arranged in the second optical
path, and a zoom element 31 is placed in the third optical
path. Optical spectrum dispersing means for spectral
analysis, 7 is arranged to receive optical beams that have
been reflected from the second and third optical paths
by the mirrors 52 and 51. The optical spectrum dispersing
means 7 disperses the different wavelength components
of the optical beams at different angles according to their
wavelength, onto a reading element 9, via a focussing
element 8. The reading element 9 provides an electrical
output to a spectrum analyser 91. A processor 46 controls
the parameters of the spectrum analyser 91 in terms of
acquisition rate and bandwidth and processes its output
signal while at the same time synchronously controls the
position of the translation stage 63 and the mirrors 51
and 52.
[0104] In the apparatus of Fig. 3, an optical beam from
the source 1 is collimated by the collimating element 2,
to form an optical beam 3. In this embodiment the colli-
mating element 2 is a simple lens, but in other embodi-
ments it could be an achromat, or a mirror or combination
of lenses or mirrors.
[0105] The light from the beam 3 is divided by the
beam-splitter 4 into two beams, along a first optical path
by object optics to form the object beam 41, and along a
second optical path by reference optics to form the ref-
erence beam 42. On return from the target object 55, the
object beam 41 is reflected by the beam-splitter 4 along
the third optical path in the object optics. The object beam
from the third optical path is reflected by the mirror 51 to
produce a relatively displaced beam 41’. The reference
beam 42 is reflected by the two mirrors 61 and 62 and
then by the reflective element 52 to produce a relatively
displaced beam 42’. In this embodiment, the combination
of the re-circulating mirror 61 and the reflecting elements
51 and 52 act as displacing means, 57, as shown by the
dashed block in Figure 3.
[0106] The two beams 41’ and 42’ are relatively dis-
placed from each other in the displacement plane, which
could be identical with the plane of the drawings, in such
a way to maintain the parallelism of beams 41’ and 42’,
and such a displacement may exceed their beam diam-
eter and a lateral gap g created between them. The two
mirrors, 61 and 62 are arranged on the translation stage
63, which is used to adjust the OPD in the interferometer
between the object beam path, formed by the round trip
path length along the first path 41 and along the third
path of the displaced object beam 41’ up to the dispersing
element 7, or up to the reading element 9 for no overlap
of the displaced beams and the reference beam path
formed by the length of the second path 42 and the length
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along the path of the displaced reference beam 42’ up
to the dispersing element 7, or up to the reading element
9 for no overlap of the displaced beams. The lateral gap
g between the two beams 41’ and 42’ can be altered by
moving either the mirror 51 or 62 or the mirror 52 in the
direction shown by arrows. In other embodiments, the
reflective element 52 could be a beam splitter or a com-
bination of mirrors. If small values of the gap are required,
approaching zero value, or when lateral superposition of
the beams is required, then the reflective element 52
comprises a beam-splitter. By adjusting the amount of
lateral superposition of the lateral gap, g, the intrinsic
delay between the wavetrains in the two relatively dis-
placed beams can be adjusted. If the second path via
mirrors 61 and 62 is routed to the right in the figure, (by
having 61 rotated by 90°) and not to the left as shown in
Fig. 3, then mirror 51 needs to be a beamsplitter. The
zoom elements 31 and 32 are used to adjust the diameter
of the beam falling on the optical spectrum dispersing
element 7, and in this embodiment the zoom elements
31 and 31 comprise a set of two lenses 311 and 312 and
321 and 322 respectfully. By modifying the focal length
of the lenses 312 and 322 in relation to the focal length
of the lenses 311 and 321, the beam diameter falling on
the element 7 can be de-magnified or magnified.
[0107] It should be noted that, for the purposes of this
description, the terms "relatively displaced object beam"
and "relatively displaced reference beam" will be used to
refer to the respective directions of the object and refer-
ence beam that have been displaced relative to each
other. However, it will be readily understood by those
skilled in the art that the relative displacement could be
introduced by displacing either the object beam or the
reference beam, or both. Therefore, it will be understood
that the use of the terms "relatively displaced object
beam" and "relatively displaced reference beam" does
not exclude apparatuses in which only one of the object
or reference direction is displaced.
[0108] Furthermore, the object and reference beams
in every embodiment could be displaced by deflectors
suitably oriented, optic-optic modulators or by refractive
elements introduced in one or both object and reference
beams.
[0109] Here by way of example, the two beams are
spatially displaced so as to fall on different portions of
the dispersing means 7, while they are maintained par-
allel, for ease of description in relation to a simple dis-
persing element such as a diffraction grating. This how-
ever should not restrict the generality of displacing the
two beams in relation to each other which in more com-
plex spectral analysing elements may involve the two
beams using the same part of the dispersing means but
being incident at different angles, the effect of the rela-
tively displacing the beams being the generation of an
intrinsic differential delay between the two dispersed
beams at the output of the dispersing means.
[0110] In this embodiment, the optical spectrum dis-
persing element 7 is a diffraction grating. Therefore, by

varying the diameter of the two beams 41’ and 42’, No
grating lines are excited by the object beam 41’ and NR
grating lines by the reference beam 42’. Varying the beam
diameters can also change. It is possible that by enlarging
the beam diameters to completely annul the gap between
the two initially displaced beams and even overlap the
beams.
[0111] In order to maximize the interference and hence
the visibility, polarization controller 80 is shown the ref-
erence optics and is used to match polarizations in the
object and reference optics. Only one element, 80 is
shown in Fig. 3, which may suffice for most of the practical
situations. However, one or more polarization controllers
can also be used in the object optics as well. The polar-
ization controllers used in this embodiment are polarisers
in bulk. However, in-fibre polarisers, or a wave-plate in
bulk or in-fibre and any combination thereof can be used.
[0112] The light diffracted by the diffraction grating 7
is focused by a convergent lens 8 onto the reading ele-
ment. In this embodiment the reading element is a CCD
array 9. It is known in the art that for optimal operation,
the lens 8 is placed at the distance F from the diffraction
grating 7 and at the same distance F from the CCD array
9; where F is the focal length of the lens 8. Other spectral
analysing set-ups could be used without diverting from
the scope of the invention. For example, in other embod-
iments, the optical spectrum dispersing element 7 could
comprise other dispersing means such as a prism, or a
groups of prisms or diffraction gratings. Furthermore, in
other embodiments, the CCD array 9 could be replaced
by a photodetector array, or by a simple photodetector,
in which case the diffracted or dispersed beam from the
optical spectrum dispersing element 7 could be scanned
over a point photodetector using an angular scanner such
as a galvo-scanner, resonant scanner, polygon mirror or
rotating prism. Any implementation could be used, that
is operable to produce an electric signal which varies in
time according to the shape of the compound spectrum
resulting from the superposition of the dispersed fan of
rays due to the relatively displaced beams 41’ and 42’.
[0113] The signal output of the reading element is proc-
essed in an electronic processor to extract the A-scan
profile from the periodicity of the modulation of the optical
spectrum as read by the reading element 9. A-scan is
the profile of reflectivity in depth. This is usually accom-
plished by Fourier transformation, however, other proce-
dures can serve the same goal, such as Laplace, wavelet
transformation, Hilbert transformation, etc, together with
spectral smoothening using different shaped kernels, ze-
ro padding, interpolation to provide a linear scale in op-
tical frequencies, iterative methods, etc, as known in the
art of spectral analysis.
[0114] In this embodiment, the displacing means is
controlled by the processor 46, which controls the ad-
justment of the positions of the re-circulating mirror 61,
reflecting elements 51 and 52 and the zoom elements
31 and 32. However, in other embodiments, the displac-
ing means could be adjusted manually, or by ant other
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suitable means.
[0115] In order to understand the operation of the em-
bodiment in Fig. 3, an example will be described with
reference to Fig. 4. In this example, the target object 55
in the arrangement shown in Fig. 3 is multi-layered, and
comprises four layers: L1, L2, L3 and L4.
[0116] Fig. 4 shows comparatively, the depth profile
delivered by the prior art method discussed above in re-
lation to Fig. 1, and the method according to embodi-
ments of the present invention. Different cases are illus-
trated, as shown by the output peaks, at frequencies F1,
F2, F3 and F4 corresponding to the modulation of the
channelled spectrum as measured by the electrical spec-
trum analyser 91, and each frequency is proportional to
the OPD in the interferometer that corresponds to the
depth of the layers L1 to L4 of the target object. The
output peaks are denoted as their frequencies in the fol-
lowing description. Peaks F1 to F4 result by performing
Fourier transformation of the optical spectrum using the
spectrum analyser 91. The larger the OPD, the denser
the channelled spectrum, and the higher the frequency
F of the signal corresponding to that OPD. Peaks F1 to
F4 are represented along the electrical frequency axis, f.
[0117] In case (a), the OPD = 0 surface is in front of
the multi-layered object. In cases (b), (c) and (d) the OPD
= 0 surface is within the multi-layered object. The position
where OPD = 0 is indicated by the dashed line. Such a
position is determined by the position of the translation
stage 63 in Fig. 3. In the cases (b), (c) and (d), the position
at which the OPD is zero is adjusted between the OPD
position matching the depth of the second layer L2 and
the OPD position matching the third layer L3, slightly clos-
er to the depth where the second layer is. Cases (c) and
(d) correspond to the situation in which the OPD has a
particular sign only, and correspond to the L and R cases
discussed above in relation to Figure 2.
[0118] In case (a), the prior art outputs a channelled
spectrum whose Fourier spectrum has peaks at frequen-
cies F1 to F4 whose positions resemble that of the layers
L1 to L4 in depth. This corresponds to a correct detection
of layers in depth and to correct tomograms (A-scans).
[0119] However, when the OPD = 0 surface is inside
the multi-layered object, the prior art method delivers in-
correct results, as shown in Fig. 4 (b). In this case, the
peaks F1 and F2 do not correspond to the depth of layers
L1 and L2. Furthermore the peak F2 is almost super-
posed on the peak F3, being only slightly shifted towards
the origin relative to F3. This slight shift being because
the initial OPD = 0 was closer to layer L2 than layer L3.
Only the peaks F3 and F4 have correct positions.
[0120] Fig. 4b illustrates that for layer depths of OPD
> 0, i.e. when the object path is longer than the reference
path, correct detection of the peaks will occur. However,
incorrect detection will occur for layer depths when OPD
< 0.
[0121] If embodiments of the invention described in re-
lation to Fig. 3 are employed, then the signal as described
in Fig. 4 (c) results. In this case, only the peaks F3 and

F4 are obtained and peaks F1 and F2 are eliminated. In
other words, all layers situated at OPD < 0 are eliminated
from the spectrum, leaving a clean output with strict re-
semblance of the multi-layered structure in depth for OPD
> 0. It will be apparent that, if the two relatively displaced
beams 41’ and 42’ directed to the diffraction grating are
swooped or if the grating rotated in such a way that the
diagram corresponds to the case R as described in the
two Podoleanu’s papers mentioned above, then pulses
F1 and F2 will correctly display the depth position of lay-
ers L1 and respectively L2, while the pulses F3 and F4
will be eliminated, as shown in Fig. 4 (d). The same ex-
planation will apply if OPD in the interferometer is defined
by deducting the object path from the reference path, and
the initial OPD between the two beams incident on the
diffraction grating is suitably defined.
[0122] The role of the zoom elements 31 and 32 is to
give more freedom in the adjustment of the OPD range
than provided by the screens 20 in the prior art apparatus
of Fig. 2. Based on the explanations above, if the diam-
eter of the relatively displaced object beam 41’ is such
as NO grating lines are excited, then the object wave-
train is λNO long after the grating. Similarly, if the diameter
of the reference beam 42’ is such as NR grating lines are
excited, then the reference wave-train after the grating
is λNR long. In the case L, there is an intrinsic delay Pλ
+λNO between the leading edges of the object and ref-
erence wavetrains after the grating and an intrinsic delay
of Pλ +λNR between the trailing edges of the object and
reference wavetrains after the grating. In the case R,
there is an intrinsic delay Pλ +λNR between the leading
edges of the object and reference wavetrains after the
grating and an intrinsic delay of Pλ +λNO between the
trailing edges of the object and reference wavetrains after
the grating.
[0123] If the gap g between the two relatively displaced
beams 41’ and 42’ is such as P grating lines are not ex-
cited, then the minimum OPD required for interference
of the two wave-trains in the case L is given by: 

 and the maximum OPD when there is no overlap of the
wave-trains is given by: 

[0124] In the case R, the sign of the OPDmin and OP-
Dmax in the two equations above will change. Thus, by
adjusting the gap between the two relatively displaced
beams and their beam diameter, the range of measured
OPD can be conveniently adjusted.
[0125] As explained in Podoleanu’s papers mentioned
above, the visibility of the channelled spectrum depends
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on the amount of overlap of the two wavetrains. There-
fore, in the case L discussed above, when each relatively
displaced beam covered Nλ/2 grating line, the visibility
increases from zero for OPD = Lc to a maximum when
the OPD = Nλ/2, In order to enhance the strength of the
signal for small OPDs, it may be desirable to partially
superpose laterally the two displaced beams. This reduc-
es the intrinsic delay between the wavetrains in the two
relatively displaced beams to less than Nλ/2. Consider
that S grating lines are covered by both laterally displaced
beams. This will have the disadvantage of allowing scat-
tering points in the range OPD < 0 to generate a non-
zero visibility. More precisely, peaks will be produced in
the Fourier spectrum of the signal delivered to the ana-
lyser 91 for OPD > OPDmin = -Sλ.
[0126] Peaks in the range -Sλ, to Lc will be superposed
to peaks corresponding to the range Lc to Sλ leading
again to an incorrect A-scan profile. However, if the re-
gion of OPDs in front of the tissue is clear up to OPD =
-Sλ, then no peaks will appear in the Fourier spectrum
allowing for such an adjustment to be performed with the
advantage of enhanced strength of the A-profile for small
OPD values.
[0127] Fig. 5 is a diagram showing a second embodi-
ment of a spectral interferometry apparatus selective in
OPD according to the present invention. The embodi-
ment shown in Fig. 5 is similar in construction to that
described in relation to Fig. 3, but additionally comprises
a generator 34 connected to the processor 46, an XY
scanner head 10, scanning optics 12, and a focussing
element 15. The apparatus is arranged to deliver not only
A-scans but also 3D tomographic volumetric data from
a multi-layered object 55.
[0128] Let us consider the direction of the emergent
object beam 41 out of the XY scanner head 10, when not
driven, as defining the optic axis. Consider a coordinate
system in which X and Y are coordinate axes in a plane
perpendicular to the optic axis, and Z is a coordinate axis
parallel to the optic axis.
[0129] The XY scanner head 10 is provided to scan
the object beam 41 over the target object 55 transversally
via the scanning optics 12. A focusing element 15 focuses
the light on the target object 55, for example tissue, to
be examined. Without loss of generality, the retina of an
eye is shown in Fig. 5 as the target area of the object 55,
and the focusing element 15 is the eye lens. If the tissue
55 is skin, then the scanning optics 12 is modified in such
a way that the rays after the focusing element 15 would
normally evolve parallel with the depth axis. It will also
be appreciated that focusing can also be performed by
altering the optics inside the scanning optics 12, or by
moving the collimating element 2, or by adding suitable
optical elements between the beamsplitter 4 and the
scanner head 10. Such elements used separately or to-
gether perform the function of focusing means applicable
to multi-layer objects 55 such as retina of an eye or skin.
The scanning is under the control of the generator 34.
For each point (X,Y) in a transverse section, an A-scan

is generated by the apparatus, using the same elements
as the embodiment in Fig. 3. When one scanner is fixed,
a section in the tissue in the plane (X,Z) or (Y,Z) where
Z is oriented along the depth can be obtained. This is
called an OCT B-scan image according to the terminol-
ogy in ultrasound. When B-scans are repeated along the
other coordinate axis, Y or X respectively, the whole vol-
ume of the tissue can be investigated. Alternatively, the
two coordinates could be polar in the transverse plane
rectangular to the optic axis. Furthermore, the scanners
can be driven in such a way to generate a circular shape
in a transverse section, in which case the B-scan image
is along the lateral size of a cylinder oriented along the
depth axis.
[0130] The processor 46 in Fig. 5 has further function-
ality to that described in relation to Fig. 3, in the sense
that generates B-scan images from A-scan profiles and
synchronises the A-scan generation of the analyser 91
with the movement of the one or both transverse scan-
ners. More functionality is required in generating 3D vol-
umetric data when many B-scan images are produced
in synchronism with controlling both scanners in the XY-
scanner.
[0131] Fig. 6 shows a third embodiment of a spectral
interferometry apparatus selective in OPD according to
the present invention. This embodiment can be used to
deliver OCT B scans and perform 3D investigation of a
multi-layered object 55. In this embodiment, a hybrid con-
figuration of optical fibre and bulk optics is employed.
[0132] The embodiment shown in Fig. 6 employs a sin-
gle mode directional coupler 40 to split light from a source
1 into an object beam at the output of a fibre lead 36 and
a reference beam at the output of the fibre lead 38. The
fibre lead 36 is arranged to feed light into the collimating
element 2. The remainder of the object path optics of Fig.
6 are similar to those discussed in relation to Fig. 5. The
light collimated by the focusing element 2 forms the beam
3 that is sent via the beamsplitter 4 along a first optical
path 41 towards the scanning element 10 via the scan-
ning optics 12 and the lens 15, towards the object 55.
The back-scattered light from the object 55 returns along
the first optical path 41 and is deflected by the beamsplit-
ter 4 along a third optical path that leads to a mirror 51
via a zoom element 31.
[0133] A fibre loop 49 is provided before the output of
the fibre lead 38, and the fibre lead 38 is arranged to feed
light into the collimator 33 to form the reference beam
42. This is sent along a second optical path 42 to a mirror
52, via a zoom element 32. In this embodiment, the fibre
lead 38 is positioned on a transition stage 81, which is
itself positioned on a transition stage 63. The function of
the transition stage 63 is the same as described above
in relation to the previous embodiments. The transition
stage 81 is used to move the position of the fibre lead
38. In other embodiments, the transition stage 81 need
not be present.
[0134] For polarization matching, a supplementary po-
larisation controller 85 is provided in the fibre lead 36 in
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the object optics in addition to polarisation controller 80
provided for the free space beams in the reference optics.
As for the previous embodiments, the polarisation con-
trollers are not essential, and can be removed.
[0135] As in the embodiment of Fig. 5, the mirror 51
and mirror 52 are used to displace the object and the
reference beam laterally in relation to each other, to cre-
ate the relatively displaced object beam 41’ and relatively
displaced reference beam 42’ , before hitting the spectral
analysing element 7. As with the previously discussed
embodiments, the mirrors 51 or 52 could be replaced by
beamsplitters.
[0136] To adjust the position at which OPD = 0, differ-
ent implementations are possible as can be envisaged
by those skilled in the art. One such possibility is shown
in Fig. 6, where the end of the fibre lead 38 and collimator
33 in the reference path are placed on an axial scanner
63 and the fibre lead 38 is equipped with a fibre loop 49
to allow for movement.
[0137] It will also be readily apparent to those skilled
in the art that the beam diameter of the relatively dis-
placed reference beam 42’ can be adjusted using colli-
mating elements 33 of different focal length, and that the
zoom element 32 can be removed. Similarly, the beam
diameter of the relatively displaced object beam 41’ can
be adjusted using collimating element 2 of different focal
length and the focus elements along the first path, in
which case the zoom element 31 can be removed.
[0138] In this embodiment, the positions and tilts of the
mirrors 51 and 52 are adjusted manually. However, , it
will also be readily apparent to those skilled in the art that
the displacing means can also be put under the control
of processor 46 to adjust the gap between the two beams
in the displacement plane in order to adjust the minimum
path difference to be sensed. For instance, this could be
implemented in Fig. 5 by using another translation stage
in top of the translation stage 63 to move the mirror 62
in the direction of the arrow, or both mirrors 61 and 62.
[0139] Furthermore, it will also be appreciated that the
transition stage 81 can also be used to adjust the relative
displacement of the beams in the arrangement shown in
Fig. 6. The translation stage 81 can move the fibre end
38 and focusing element 33 in a direction perpendicular
to the arrow of moving translation stage 63, and in the
plane of the drawing, thus affecting the displacement of
the beams and acting as displacement means.
[0140] It will be understood that in Fig. 6, the beams
42 and 41 may be in different planes to each other and
may lie outside the drawing plane. In these circumstanc-
es, the reflectors 51 and 52 are used to compensate for
such misalignment and to put the beams 41’ and 42’ in
the displacing plane before hitting the dispersing element
7. The displacing plane of the two beams 41’ and 42’ may
be out of the plane of the drawing as well. In such a case,
it is essential that the dispersing element 7 is tilted, in
such a way that the normal to the surface of the prism
(or first prism) or diffraction grating (or first diffracting grat-
ing) in the element 7 is perpendicular to the line connect-

ing the centres of the two displaced beams drawn in a
direction perpendicular to the two beams. It will be un-
derstood that the direction of spectrally dispersed rays
after the element 7 comes out of the drawing plane, and
therefore the focusing element 8 and reading element 9
have to be realigned to maximise the contrast of the chan-
nelled spectrum, i.e. the normal to the centre of the fo-
cusing element 8 and to the centre of the reading element
9 are in the new plane defined by the fan of dispersed
rays.
[0141] A fourth embodiment of the invention is shown
in Fig. 7. This embodiment is similar to that described in
relation to Fig. 6 and illustrates another possibility for
displacing the object and reference beams in order to
produce relatively displaced beams..
[0142] In this embodiment, a single mode directional
coupler 40 splits light from a source 1 into an object beam
at the output of a fibre lead 36 in object path optics and
a reference beam at the output of the fibre lead 38 in
reference path optics.
[0143] The object path optics are similar to those de-
scribed in relation to Fig 6. As for the arrangement of Fig.
6, the reference path optics comprise a fibre loop 49 pro-
vided before the output of the fibre lead 38, and the fibre
lead 38 is arranged to feed light into a collimator 33 to
form the reference beam 42. The fibre lead 38 is posi-
tioned on a transition stage 81, which is itself positioned
on a transition stage 63. The function of the transition
stage 63 is the same as described above in relation to
the previous embodiments.
[0144] In contrast to the arrangement of Fig. 6, the
beamsplitter 4 in this embodiment is used by both object
beam 41 and reference beam 42 and the gap between
the two displaced beams is adjusted by moving the stage
81 which holds the fibre end 38 and collimator 33 laterally.
[0145] Therefore, in this arrangement, the beamsplitter
4 not only functions as the main splitter in the object path
optics but also as a mirror for the purpose of displacing
laterally the reference beam 42. Therefore, the displacing
means in this embodiment includes the means to move
the fibre end 38 and the beam splitter 4.
[0146] In the arrangement shown in Fig 7, the ratio of
the beam splitter 4 is such that the object beam returned
from the target object 55 incurs little attenuation, which
is achieved by beam splitter 4 having larger transmission
than reflection coefficient. It will be appreciated that the
arrangement of Fig. 6 will have a larger reflection than
transmission coefficient.
[0147] In this embodiment a further mirror arrange-
ment 58 is arranged to receive the relatively displaced
reference beam 41’ and the portion of the object beam
that passes though the beam splitter 4 having been re-
flected from the target object 55. This mirror arrangement
58 is used to tilt the beams from the beam splitter 4 in
order to further adjust the relative displacements. How-
ever, in other embodiments, the mirror arrangement need
not be present and the displacing means could only com-
prise the combination of the beam splitter 4 and the tran-
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sition stage 81.
[0148] Zoom elements 31 and 32 are provided in the
path between the mirror arrangement 58 and the dispers-
ing element 7. These zoom elements can alter the diam-
eter of the relatively displaced beams in the same manner
as discussed above. It will be appreciated that, as for the
above described embodiments, the zoom elements 31
and 32 are optional. The zoom elements could also be
placed before the displacing means.
[0149] A circulator with three input ports could be used
to replace the beam splitter 4 in both the arrangements
discussed with reference to Fig. 6 and 7 in order to im-
prove the collection of signal back-reflected from the ob-
ject 55, in which case the circulator input (first port) is
tied up directly to the fibre 36, the second port is directed
towards the scanner head 10 and the third port can be
used to send light via a collimator towards the mirror 51.
Even more, two such circulators could be used, as shown
in Fig. 8.
[0150] A fifth embodiment of the invention is shown in
Fig. 8. In this embodiment, both the object an reference
optics use in-fibre circulators.
[0151] In this embodiment, a single mode directional
coupler 40 splits light from a source 1 into an object path
and a reference path. Light travels along the object path
to an object circulator 71. Light output from the object
circulator 71 is sent towards the target object 55 in optics
via a focusing element 2 and the light returned from the
target object 55 is sent back to the circulator 71 towards
a fibre end 36.
[0152] Light travels along the reference path from the
single mode directional coupler 40 to a reference circu-
lator 72. Light output from the circulator 72 is sent via a
focusing element 75, which in this embodiment is a lens,
towards a mirror 74 on a translation stage 63. The light
returned from the mirror 74 in the reference optics, is sent
via the circulator 72 towards a fibre end 38.
[0153] Light from the object optics is output from the
fibre end 36 passes through a zoom element 31, which
in this embodiment is a gradient index lens (GRIN) lens.
Light from the reference optics is output from the fibre
end 38 and passes through a zoom element 32, which
in this embodiment is also GRIN lens. In this embodiment,
both the fibre ends and respective zoom elements are
mounted on stages (not shown) which can adjust the
relative positions of the fibre ends.
[0154] The light from the zoom elements 31 and 32
then passes through a mirror arrangement 58. The two
beams 41’ and 42’ output from the mirror arrangement
58 are relatively displaced with respect to each other and
fall on different portions of the dispersing element 7.
[0155] In this embodiment, the relative displacement
of the beams 41’ and 42’ (e.g. the gap between the two
beams 41’ and 42’) is adjusted by the combination of the
mirror arrangement 58 suitably reflecting the beams, the
stages (not shown) moving the relative positions of the
fibre ends 36 and 38 and the GRIN lens altering the di-
ameter of the beams (and thus the gap between them).

[0156] However, in other embodiments, the displace-
ment of the beams falling on the dispersing means can
only be adjusted by the mirror arrangement 58, with the
stages for the fibre ends and the zoom elements being
optional. Furthermore, the displacement can only be ad-
justed by the movement of the fibre ends, with the mirror
arrangement 58 and zoom elements being optional. In
addition, the displacement can only be adjusted by the
zoom elements altering the diameters of the beams, with
the stages for the fibre ends and the mirror arrangement
58 being optional. Alternatively, the displacement could
be achieved by a combination of any two of the above
three factors.
[0157] It will be appreciated that the gap between the
beams 41’ and 42’ could be made zero in the arrange-
ment of Fig 8 with the mirror arrangement 58 comprising
a beam splitter and at least one mirror. One mirror is used
to turn the beam by 45° and then turned in the opposite
direction by 45° via a second mirror and launched closely
to the other beam. In this case, the gap is small but it
cannot be made zero nor the beams overlap. If the sec-
ond mirror is a beamsplitter, then the two beams can be
brought to total overlap, as shown in Fig. 5.
[0158] Other zooming elements could be mounted be-
fore or after the mirror arrangement to alter the diameter
of the beams launched towards the dispersing element 7.
[0159] Furthermore, transverse scanners can be used
in the object optics after the collimating element 2, or
maintained in fibre leading to a multiplexed array of sen-
sors. These could be used to scan the target object 55
in the manner described above in relation to Figs 5 and 6.
[0160] In this embodiment, the optical path difference
in the interferometer is adjusted by movement of the tran-
sition stage 63 in this embodiment. Alternatively, the OPD
in the interferometer can be adjusted using what is called
as the spectral scanning delay line, as described in US
patent 20030137669A1, by A. M. Rollins, "Aspects of
basic OCT engine technologies for high speed optical
coherence tomography and light source and other im-
provements in optical coherence tomography", where
light is deviated angularly using a galvanometer mirror
behind a diffraction grating or prism, which operates on
the basis of transforming a linear phase in optical fre-
quency in a temporal delay based on principles devel-
oped initially for processing of femtosecond laser pulses.
Such a method presents the advantage of compensating
for dispersion as well. Spectral scanning delay lines in
transmission can also be used in the embodiments in
Fig. 3, 5, 6, 7, and such a device is disclosed in the US
patent 6,564,089 B2, by J. A. Izatt, "Optical Imaging De-
vice".
[0161] A sixth embodiment of the invention will be de-
scribed in relation to Fig. 9. In this arrangement, a rela-
tively displaced object beam 41’ and a relatively dis-
placed reference beam 42’ are provided to a beam splitter
99. The relatively displaced beams could be produced in
any of the ways discussed above, e.g. by reflection, de-
flection, refraction, alteration of the beam diameters,
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movement of fibre ends or any combination of these.
[0162] The beam splitter 99 therefore produces two
sets of relatively displaced beams. One set of relatively
displaced beams 41’ and 42 are provided to a mirror ar-
rangement 59 which can further adjust the relative dis-
placement of the beams. As shown in Figure 9, the mirror
arrangement 59 can adjust the lateral gap between the
beams from a value of g prior to the beam splitter to g’
after the mirror arrangement 59. The relatively displaced
beams 41’ and 42’ are then output to dispersing means
7, which disperse their spectral content onto reading el-
ement 9 in the manner discussed above. The reading
element 9 provides an electrical output to a spectrum
analyser 91.
[0163] The other set of relatively displaced beams 41
are provided to a second mirror arrangement 59’ which
can also further adjust the relative displacement of the
beams. As shown in Figure 9, the mirror arrangement
59’ can adjust the lateral gap g between the beams from
prior to the beams from a value of g prior to the beam
splitter to g" after the mirror arrangement 59’. The beams
output from the mirror arrangement 59’ can be consid-
ered second relatively displaced beams 41" and 42". The
second relatively displaced beams 41’ and 42’ are then
output to second dispersing means 7’, which disperse
their spectral content onto a second reading element 9’
in the manner discussed above. The second reading el-
ement 9’ provides an electrical output to a second spec-
trum analyser 91’.
[0164] As in the previously described embodiments,
the dispersed light is focused by elements 8 and 8’ on
the reading elements 9 and 9’. From the above, it will be
appreciated that the gap between the two beams (i.e. g’
or g") generates an intrinsic delay in the combination of
dispersing means, focussing element 8 and reading el-
ement 9 and a second intrinsic delay in the combination
of the second dispersing means, second focussing ele-
ment 8 and second reading element 9. The orientation
and spatial position of the two dispersing means 7 and
7’ in relation to the direction of the respective incoming
displaced beams is such that the intrinsic delay and the
second intrinsic delay are of opposite sign.
[0165] In this embodiment, diffraction gratings are
used as both the dispersing means 7 and the second
dispersing means 7, and the intrinsic delay and the sec-
ond intrinsic delay being of opposite sign is achieved by
the diffraction grating in the dispersing means 7 being
arranged to diffract orders of opposite sign to the diffrac-
tion grating in the second dispersing means 7.
[0166] If the dispersing means 7 and the second optical
dispersing means 7 each comprises one or more prisms,
the one or more prisms can arranged such that one of
the relatively displaced object beam 41’ or the relatively
displaced reference beam 42’ is closest to prism apex in
the dispersing means 7 and the second relatively dis-
placed reference beam 42" or the second relatively dis-
placed object beam 41’ respectively is closest to the
prism apex in the second optical dispersing means.

[0167] As a consequence of the above, it will be ap-
preciated that one spectral analyser 91 outputs signal for
one sign of the OPD, for example for the positive OPD
values ("channel P"), while the other spectral analyser
outputs signal for the opposite OPD sign, i.e. negative
OPD values ("channel N").
[0168] The gaps g’ and g" between the two relatively
displaced beams in each channel can be adjusted sep-
arately by mirror arrangements 59 and 59’. In this em-
bodiment, the mirror arrangements 59 and 59’ comprise
mirrors and stages similar to those described above in
relation to Figs. 3, 5, 6, 7, 8 in order to displace the two
beams laterally. However, it will be appreciated that any
of the other elements that can form the displacing means
discussed above could replace the mirror arrangements
59 and 59’. Furthermore, it will be appreciated that only
one such additional displacing means can suffice.
[0169] These use mirrors and stages similar to the pro-
cedures used in Fig. 3, 5, 6, 7, 8 to displace laterally the
two beams. In principle, the two beams can even be su-
perimposed by using the displacing element, even if the
initial gap, g, was different from zero. The use of two
displacement means allow separates adjustment in the
two channels of the absolute value of the minimum OPD
which can be sensed and of the position in depth where
maximum sensitivity is achieved in each channel.
[0170] If utilised in combination with any of the embod-
iments discussed above, the electrical spectrum analys-
er 91 could be used to provide an A-scan for positive (or
negative) sign OPD and the second electrical spectrum
analyser 91’ could provide an A-scan for negative (or
positive) sign OPD.
[0171] In this embodiment, a synthesising element 92
is provided to receive the output of the spectrum analyser
and the second spectrum analyser 91’. The synthesising
element 92 joins the two A-scans to provide an A-scan
for double the range of depths given by the individual
spectrum analysers 91 and 91’.
[0172] In order to make sure that each channel has
visibility non-zero for one sign of the OPD only such a
dual channel embodiment requires that there is no over-
lap of the two sets of relatively displaced beams. In this
way, there is no cross-talk between the two channels, P
and N, i.e. for a given OPD of any sign, a signal appears
at the output of either spectrum analyser 91 or 91’ and
never in both.
[0173] If each channel has a range |OPD|max = D, then
the synthesising element 92 will provide signal in the
range -D to D, i.e. double the range of each channel, but
with a gap in the centre, of -Lc to Lc about OPD = 0. If
the gap is larger than the beam diameter, then the min-
imum |OPD| in each channel exceeds the coherence
length Lc and the gap about zero path imbalance widens.
[0174] If the arrangement in Fig. 9 is used to build a B-
scan OCT image out of several A-scans in the range -D
to D, then the image will have vanishing contrast (low
contrast, tending to zero) in the middle of the image,
about zero path imbalance. Whilst this may be consid-
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ered disadvantageous for imaging purposes, it has the
advantage that at no moment the image will be distorted
by mirror terms irrespective of the object movement.
Each pixel in the image will correspond to a given sign
of OPD only, with no cross-talk due to the OPD of the
same modulus but opposite sign.
[0175] The A-scan output characteristic of the embod-
iment in Fig. 9 will be discussed in relation to Figs. 10a
to c.
[0176] Fig. 10a shows a hypothetical decay of the re-
flectivity in depth which for simplicity is considered as
being linear with depth. Fig 10b shows the two visibility
profiles of the two channels of the arrangement of Fig.
9, one channel in the regime L of operation selecting the
positive OPDs and the other channel in regime R select-
ing the negative OPDs, with the results summed up in
the synthesising element 92.
[0177] The combined effect of the overall visibility pro-
file of the embodiment in Fig. 9 with the decay shown in
Fig. 10a leads to a final decay in the range of negative
and positive OPDs, as shown in Fig. 10c.
[0178] For comparison, the output of a known method
that uses phase shifting interferometry for removing the
mirror terms will be discussed in relation to Fig. 11 a to c.
[0179] Fig. 11 a shows a hypothetical decay of the re-
flectivity in depth which for simplicity is considered as
being linear with depth, the same as that shown in Fig.
10a.
[0180] The visibility profile for the known method of
avoiding the mirror terms by using phase shifting meth-
ods is shown in Fig. 11b, with maximum about OPD=0.
[0181] The combination of the decay shown in Fig. 11
a with the overall visibility profile in Fig. 11b leads to the
resulting profile shown at Fig. 11c.
[0182] Both methods, that according to the present in-
vention as well as that used in the art for avoiding mirror
terms based on phase shifting interferometer and at least
3 measurements lead to a distorted A-scan profile. Both
methods output no Fourier Transform signal, as no chan-
nelled spectrum exists for |OPD| less that the coherence
length, however our methods delivers vanishing values
for |OPD| just above the coherence length, while the
phase shifting method delivers the maximum strength
signal. The method according to the present invention
enhances the contrast of the image at two depths in the
object while the known method in the art around the OPD
= 0. It will be appreciated that, in both cases, the correct
A-scan profile can be in principle inferred by deconvolv-
ing the output results shown in Fig. 10c and Fig. 11c with
the visibility profiles in Fig. 10b or Fig. 11b respectively.
However, the method and apparatus according to the
invention are tolerant to the object movement while the
state of the art method requires at least 3 measurements
to produce the results in Fig. 11c.
[0183] The approximated profiles of the A-scans
shown in Fig. 10c and Fig 11c consider a large depth of
focus. In practice however, the confocal profile of the
focusing optics may be narrower than the depth range

D, in which case to infer the correct profile of the A-scan,
the visibility has to be multiplied with the confocal profile
due to focusing. The difference in the visibility profile be-
tween that shown in Fig 10b and the state of the art shown
in Fig. 11b, requires a different adjustment of the focus
position in the target object, for example tissue. In the
state of the art case, to compensate for the decay in the
visibility versus OPD, the focus is adjusted all the time
deep in the tissue, while in the present disclosure, the
focus may be adjusted either close to OPD = 0 or close
to OPD = D = Nλ in order to flatten the overall sensitivity
of the apparatus.
[0184] In addition, such embodiments of the present
invention offer an unique possibility of selection in the
OPD value, where the focus may be adjusted to coincide
with the visibility maximum position, close to Nλ/2, in
which case a narrow profile results around Nλ/2, not pos-
sible with the state of the art case, where the visibility
continuously decreases with OPD, from the maximum
achieved at the OPD = Lc as shown in Fig. 11b.
[0185] The embodiment discussed in relation to Fig. 9
can be generalised to reading S sensors or generating
OCT images from a target object 55 where different S
channels select their own OPD range, with a distinct min-
imum OPD and a distinct OPD value where the sensitivity
achieves a maximum. To achieve this, the beamsplitter
99 could be replaced by several optical splitters in order
to provide pairs of object and reference beams to S
number of optical dispersing means, 7, 7’, 7", 7"’ ...each
equipped with their own reading elements 9, 9’, 9". 9"’, ...
and their own displacing means 57, 57’, 57", 57"’, ...Only
two channels were shown in Fig. 9, each sensitive to a
sign of OPD, therefore named P and N. When several S
channels are used, some could be made sensitive to pos-
itive OPD, channels P and some to the negative OPD,
channels N.
[0186] Furthermore, although the arrangement shown
in Fig. 9 provides two relatively displaced beams (with a
gap g) to the beam splitter 99, other embodiments could
provide the beam splitter 99 with object and reference
beams with no displacement. Such embodiments would
then use a displacing means in each channel to adjust
the displacement of the beams in each channel.
[0187] If the object is a single layer surface, then em-
bodiments with different channels such as those de-
scribed in relation to Fig. 9 can be used to accomplish a
different function than imaging.
[0188] Fig 9 shows two frequency to amplitude con-
verters 93 and 93’, which receive outputs from the read-
ing elements 9 and 9’. The frequency to amplitude con-
verters 93 and 93’ perform conversion of the frequency
of the signal delivered by the reading elements 9 and 9’
respectively into magnitude, irrespective of the signal in-
put amplitude, i.e. the larger the |OPD|, the higher the
strength of the output signal. However, if one of the signal
out of the frequency to amplitude converters is inverted
by an inverter 94 and the result summed with that of the
other converter in the adder block 95, then a DC signal,
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950 is obtained that is proportional to the OPD, covering
positive and negative values for the positive and negative
values of the OPD in the range of -D to +D.
[0189] Similarly, partial use may have the output sig-
nals 930 or 930’, each for one sign of the OPD only, in
tracking the axial position of a mirror. It will be apparent
that the same is true for embodiments such as those
presented in Fig. 3, 5, 6, 7, 8, which can be tuned to be
sensitive to one sign of OPD only. Such embodiments,
like that in Fig. 9 or embodiments in Fig. 3, 5-8 equipped
with one frequency to amplitude converter, may have im-
mediate application in the fast tracking of the axial posi-
tion of the cornea of a living eye.
[0190] Because the method according to the invention
is sensitive to the OPD sign, a novel method can be de-
vised to measure the thickness of a plate, such as a mi-
croscope slide. Let us consider that the optical plate thick-
ness is less than D/2, where D is the OPD range of each
of the channels in an arrangement such as that shown
in Fig. 9. If the plate position randomly oscillates along
the depth axis, then it is possible that:

(a) Both interfaces are in the positive OPD range;
(b) One interface is in the positive OPD range and
the other in the negative OPD range;
(c) Both interfaces are in the negative OPD range.

[0191] For cases a and c, when both interfaces are in
the same OPD range, two peaks are present in the A-
scan of each channel while the A-scan of the other chan-
nel does not present any peaks. In this case, the thick-
ness can be inferred by deducting the two OPD values
corresponding to the positions of the two peaks in the A-
scans.
[0192] For case b, the A-scans of the two channels,
each presents one peak only. In this case, the thickness
could be inferred by adding the frequencies of the two
peaks, with one frequency delivered by each channel
only. Alternatively, a summation of the signals 930 and
930’ could provide the thickness.
[0193] Irrespective of the case above, a, b, c or the
processing method used, A-scans delivered by the elec-
trical signal analysers 91, 91’ or the synthesiser 92, or
by the frequency converters, 93 and 93’, the thickness
value obtained is tolerant to the axial movement of the
microscope slide.
[0194] This method could be extended to the rapid
measurement of the retina thickness for topography or
cornea thickness, tolerant to the axial eye movement. To
avoid false results due to the noise, thresh-holding cir-
cuits can be used after each electrical analyser 91 and
91’.
[0195] While Fig. 9 is shown as having amplitude con-
verters 93 and 93’ and signal analyser 95, these are not
essential if only imaging is required.
[0196] The embodiments described above in relation
to Fig. 3, 5, 6, 7 and 8, having a gap between the two
beams larger than the sum of the radiuses of the two

displaced beams, produce an unique selection in depth.
A given OPD value is translated into a frequency value,
f, i.e. into a repetition of peaks and troughs in the chan-
nelled spectrum if it has the accepted sign (i.e. positive
or negative depending on the arrangement). At the same
time, the same OPD of opposite sign does not imprint
any channelled spectrum. So, for the two cases, a fre-
quency f or no frequency is generated in the signal output
of the reading element 9 and the apparatus is so sensitive
to one sign of OPD only. The apparatus could become
sensitive to the other sign of OPD and still recover unique-
ly the distribution of scatterers in depth in an object, or
the distribution of OPDs in a distributed sensor by mod-
ifying the optical source, as discussed below.
[0197] If a low coherence source beam is sent via a
differential delay, Δ, to the interferometer, then for OPD
= 0, a component corresponding to the differential delay
is present in the channelled spectrum of frequency fΔ. In
this case, the frequency of the signal delivered by the
reading element 9 for the given OPD value is again f, but
another peak appears in the channelled spectrum, of fre-
quency f+ fΔ. If the OPD in the interferometer has opposite
value, then the modulation frequency is fΔ-f. This leads
to a different selection of the OPDs according to their
sign, where instead of having a frequency value or not,
two frequencies different from zero are generated de-
pending on the OPD sign.
[0198] To illustrate the principle, consider that the ob-
ject has an optical thickness T < D, where D is the max-
imum depth range in the apparatus. Consider that the
spectrum dispersing means is a diffraction grating. In this
case, the maximum depth range can be approximated
as D = (No +NR)λ, where No and NR are the number of
grating lines covered by the relatively displaced object
beam and the relatively displaced reference beam re-
spectively. Consider that the gap between the displaced
beams is larger than the sum of their radiuses which
makes the apparatus sensitive to one sign of OPD only.
Consider that the orientation of the grating is such that
the apparatus selects the positive sign of the OPD only.
When all layers in the object are in the positive range of
the depth, then all frequencies in the spectrum of the
signal output of the reading element are in the range up
to kD, where k is the apparatus conversion coefficient
between OPD values and electrical frequency.
[0199] All layers are present in the A-scan delivered
by the embodiment in Fig. 3 or in the B-scan images
delivered by embodiments in Fig. 5-8. If accidentally the
object moves closer to the apparatus, frequencies are
generated for layers in the positive OPD range and no
frequencies are generated for layers of the object in the
negative range. Consider the extreme case where the
object is so close to the apparatus that its middle thick-
ness corresponds to OPD = 0. In this case layers from
T/2 up to T are displayed in the A-scans or B-scan images
and layers between 0 and T/2 eliminated. However, these
layers could be recovered if the low coherence beam
coming from the source is duplicated and delayed by a
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differential delay, Δ, where T < Δ <D. In this case, the
scatterers around the top of the object produce a fre-
quency close to kΔ while the scatterers around the middle
of the object a frequency k(Δ - T/2). The layers from T/2
to T determine frequencies in increasing order up to kT/2
while the layers in the negative OPD range are sent in
inverse order in the range of frequencies k(Δ - T/2) to kΔ.
The two parts of the A-scans or B-scans can be synthe-
sised together to reconstruct the image by software
means and give a correct image. If all layers go into the
negative OPD range, then a continuous complete A-scan
or a continuous complete B-scan is obtained for the thick-
ness T, but oriented the other way around, from high to
small frequencies, i.e. from k(Δ - T) to kΔ, however cor-
rect, with no superposition of layers (no mirror terms).
[0200] There are different ways to create a replica of
a source delayed by Δ. For example, two single mode
couplers in series could be used, with the two outputs of
the first coupler connected to the two inputs of the second
coupler to form a Mach Zehnder configuration. In this
arrangement, the differential delay between the two leads
of the connecting fibres between the two couplers intro-
duce the delay. At the output of the second coupler, two
replicas of the optical sources result, one for each path
connecting the two couplers in between.
[0201] Alternatively, introducing a glass plate halfway
through the beam 3 from the source in Fig. 3, 5, can
accomplish the same task. The plate has to be introduced
into the beam in the configuration A, B according to the
terminology in Podoleanu’s papers. This means that the
left and right parts of the launching beam 3 are identical,
which requires that the plate is introduced with its edge
parallel with the set-up plane. When using a diffraction
grating as the dispersing element, the edge of the plate
is perpendicular to the diffraction grating lines.
[0202] As another alternative, a cavity low coherent
source could be used. A cavity low coherent source is a
laser, e.g. a laser diode, driven below threshold.. In this
case, the multiple reflections on the cavity laser walls has
the same effect with the introduction of the delayed rep-
lica above using couplers or plates. The roundtrip within
the cavity leads to the generation of repetitive replicas
delayed by multiples of the cavity length. Multiple peaks
appear in the electrical signal delivered by the electrical
analyser 91 corresponding to OPD values equal to mul-
tiple values of the cavity length, as shown by the exper-
iments described in Podoleanu’s papers, using commer-
cial laser diodes, at multiples of 2.2 mm.
[0203] This principle could also be used for instance
in efficiently using the reminiscent ripple in the spectrum
of superlumiscent diodes (SLD) as well. SLDs are non-
cavity sources. In SLDs, one of the waveguide facet is
angled and anti-reflection (AR) coated to avoid formation
of a cavity and gain is obtained for rays traversing the
active medium once only. However, tilting the waveguide
and AR coating it does not eliminate the roundtrip of some
rays within the active medium and SLDs exhibit satellite
peaks in their autocorrelation function at OPD values 2-5

mm. These satellite peaks practically limit the maximum
range of OCT depth up to their OPD values. It is advan-
tageous in this case to introduce a differential delay using
two couplers or a microscope slide plate which creates
a differential delay Δ matching the satellite peak OPD.
[0204] The introduction of the differential delay be-
tween the source and the apparatus or the utilisation of
a multimode laser below threshold has the effect of shift-
ing the depth of range of interest. This could be applied
in circumstances when the frequency in the output of the
electrical signal analyser is close to zero for a given OPD
of interest. Instead of using a frequency component f, the
frequency f+fΔ is used. This is possible when using a
differential delay smaller than half of the maximum depth
range, D. This is restricted to thin objects with T< D/2,
however the method is advantageous as it produces two
A-scans or two B-scan images, where the visibility of
scatterers varies in opposite directions within them. For
the first tomogram (A or B-scan) in the range 0 to T, the
visibility goes up in the first image, corresponding to fre-
quencies up to fΔ/2 and down in the second image of
frequencies fΔ/2 up to fΔ.
[0205] Such methods using a source with a delayed
replica could also be used in embodiments having more
than one channel, such as those described above in re-
lation to Fig 9.The embodiment described above in rela-
tion to Fig. 9, having a gap between the two beams larger
than the sum of the radiuses of the two displaced beams,
produces an unique selection in depth. A given OPD val-
ue is translated into a frequency value, f, i.e. into a rep-
etition of peaks and troughs in the channelled spectrum,
and depending on the OPD sign, will be delivered by the
P or the N channel. So the two frequencies generated
are f but they appear at different outputs depending on
the OPD sign.
[0206] If the low coherence source beam is sent via a
differential delay, Δ, into the interferometer, then for OPD
= 0, a component corresponding to the differential delay
is present in the channelled spectrum of frequency fΔ, in
both channels, P and N. In this case, the frequency for
the OPD is again f, in the channel P, but another peak is
noticed in the channelled spectrum of the channel P, of
frequency f+ fΔ and fΔ-f in the other channel, N. If the
OPD in the interferometer has opposite value, then the
modulation frequency is f in the channel N and fΔ-f in the
channel P. This leads to a different selection of the OPDs
according to their sign, where different frequencies are
generated at two different outputs.
[0207] Other embodiments and alternative arrange-
ments to the spectral interferometery apparatus which
has been described above may occur to those skilled in
the art, without departing from the spirit and scope of the
appended claims. For example, in the embodiments de-
scribed with reference to Fig. 5, 6, 7, 8, 9, the photode-
tector array could be a two dimensional (2D) CCD cam-
era. In such a situation, each row (column) could be uti-
lized for the spectrum evaluation of the signal backscat-
tered from pixels along a transverse line in the target
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object 55, and the 2D transverse scanner can be replaced
by a one dimensional (1D) scanner, to scan in a direction
perpendicular to that acquired by the CCD array. In this
way, three dimensional (3D) volumetric data can be ac-
quired, with one transverse direction covered by the CCD
array and the other rectangular transverse direction cov-
ered by the transverse scanner.
[0208] Alternatively, the scanner in the object path can
be eliminated in which case, when using a 2D CCD array,
OCT B-scan images could be generated using the 2D
CCD array only.
[0209] When using a 2D CCD array in the examples
above, the beam 3 is collimated using the element 2 along
a line normal to the plane of the drawings, of length equal
to the height of the CCD array and the elements 4, 61,
62, 51 and 52 are sufficiently wide. The scanner head 10
is eliminated for B-scan imaging and if volumetric data
is required a 1D scanner head is used, with sufficient size
to handle and project a line over the tissue, employing
means known to those skilled in the art. Analogously, if
the embodiment in Fig. 5, 6, 7, 8 is used, then the ele-
ments 2 and 33 prepare linear collimated beams along
lines perpendicular to the plane of the figure. Again, the
scanner head 10 is eliminated for B-scan imaging and if
volumetric data is required, a 1D scanner head is used,
with sufficient size to handle and project a line over the
tissue, employing means known for those skilled in the
art.
[0210] The method and apparatuses subject to the in-
vention are obviously compatible with methods of spectra
averages or spectra evaluations collected at different ac-
curately controlled OPD positions, methods known in the
art of phase shifting spectral interferometry. By manipu-
lating such spectra acquired at small OPD steps as sub-
divisions of a wavelength, further reduction of the noise
can be achieved according to methods known for those
skilled in the art, as mentioned above. A noisy channeled
spectrum arises due to beating between the rays in the
reference beam. This can be attenuated by superposing
two spectra collected at a phase difference of π, as de-
scribed in the paper "In vivo human retinal imaging by
Fourier domain optical coherence tomography", pub-
lished by M. Wojtkowski, R. Leitgeb, A. Kowalczyk, T.
Bajraszewski, A. F. Fercher, in the J. Biomed. Optics
7(3), (2002), p. 457-463. Alternatively this can be atten-
uated by superposing several spectra at several OPD
steps as described in the paper by M. Wojtkowski in Op-
tica Applicata mentioned above. By superposing such
spectra, the noise is cancelled and the channelled spec-
trum due to the OPD between the two beams in the inter-
ferometer is enhanced. Such a method could equally be
applied to embodiments of the present invention by dis-
placing the translation stage 63 under the control of the
processor 46 in synchronism with the reading element
9, analyser 91 and the scanner 10, for each pixel in trans-
versal section, a coordinate X in the case of B-scan im-
age, or (X,Y) when volumetric data, is acquired. Also a
number M of channelled spectra are acquired for M steps

of the translation stage. After an A scan is evaluated out
of the M spectra, a function which could be performed
by the same processor 46, the transverse scanner is ad-
vanced to the next transverse pixel.
[0211] The method and apparatuses subject to the in-
vention are compatible with polarization modulators.
Combining elected polarization states in the two arms of
the interferometer (i.e. the object and reference optics),
information on the depth resolved polarization of the tar-
get can be inferred, such as Stokes vectors, as presented
in "Determination of depth-resolved Stokes parameters
of light backscattered from turbid media by use of polar-
ization-sensitive optical coherence tomography", pub-
lished in Opt. Lett., 24, No. 5, pp.300-302, 1999, by J.F.
de Boer, T.E. Milner, J.S. Nelson, or complete Mueller
matrix information as described in "Optical-fiber based
Mueller optical coherence tomography", published in
Opt. Lett., 28, No. 14, pp. 1206-1208, 2003, by S. Jiao,
W. Yu, G. Stoica, L. Wang. When these functions are
implemented using the method and apparatuses accord-
ing to the present invention, unique recovery of polariza-
tion sensitive A-scans is obtained and unique polarization
sensitive B-scan maps are generated.
[0212] For phase resolved OCT, stroboscopic illumi-
nation together with phase modulation in one of the inter-
ferometer arms has been presented, known as the meth-
od of four buckets, as presented in {A. Dubois, L. Vabre,
A. C. Boccara, et al., "High-resolution full-field optical co-
herence tomography with a Linnik microscope," Appl.
Optics 41 (4), 805-812 (2002) and H. Saint-James, M.
Lebec, E. Beaurepaire, A. Dubois, A. C. Boccara, "Full
field optical coherence microscopy," in Handbook of op-
tical coherence tomography, B. E. Bouma, G. J. Teamey
eds., (Marcel Dekker Inc, New York-Basel, 2002)
299-333. The method and apparatuses according to the
present invention are compatible with phase modulation
and synchronous switching of the illuminating light. In
this way, by combining the four spectra acquired for dif-
ferent phase shifts, amplitude and phase information A-
scan are retrieved. The method is applicable in the de-
tection of small deviations and Doppler OCT.
[0213] The polarization modulators or/and phase mod-
ulators, in bulk or in-fibre could be introduced anywhere
in the object optics or reference optics or between the
displacing means and the dispersing elements.
[0214] Throughout the disclosure, the term reflectivity
was used because the majority of applications in OCT is
in imaging the tissue in reflection. However, in the micro-
scopy of biologic tissue, imaging in transmission is also
used. It should be obvious for those skilled in the art to
understand that the embodiments of the present disclo-
sure as described in Fig. 5-9 can be easily altered to
investigate and image the object in transmission, in which
case the light is not returned to the main optical splitter
4 and the third optical path is that collecting the light from
the object. Similarly, a chain of sensors can be investi-
gated in transmission. Therefore, where reflectivity is
used, this should be also understood as sampled trans-
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mission in depth when the object is investigated in trans-
mission.
[0215] The foregoing description has been presented
for the sake of illustration and description only. As such,
it is not intended to be exhaustive or to limit the invention
to the precise form disclosed. For example, modifications
and variations are possible in light of the above teaching
which are considered to be within the scope of the present
invention. Thus, it is to be understood that the claims
appended hereto are intended to cover all such modifi-
cations and variations which fall within the scope of the
invention. Other modifications and alterations may be
used in the design and manufacture of the apparatus of
the present invention without departing from the scope
of the accompanying claims.
[0216] For the scope of the invention, the multi-layer
object could be tissue, but equally could signify an optical
path leading to multiple optical path of different lengths
to multiple sensors in a structure of multiplexed sensors,
and the method disclosed here could be employed to
selectively access a sensor or a group of sensors ac-
cording to their OPD, either in reflection or transmission.

Claims

1. Spectral interferometry apparatus (100), comprising
an interferometer adapted to be excited by an optical
source, the apparatus comprising:

object optics arranged to transfer a beam from
the optical source, and to a target object to pro-
duce an object beam from the target object;
reference optics arranged to produce a refer-
ence beam;
displacing means arranged to laterally displace
at least one of the object beam and the reference
beam to produce a relatively displaced object
beam and a relatively displaced reference
beam;
wherein there is an optical path difference be-
tween the relatively displaced object beam and
the relatively displaced reference beam gener-
ated in the interferometer; and
optical spectrum dispersing means (7) arranged
to receive the relatively displaced object beam
and the relatively displaced reference beam on
at least partially different portions of the optical
spectrum dispersing means due to lateral dis-
placement of the two relatively displaced beams
caused by the displacing means, and arranged
to disperse the spectral content of the two dis-
placed beams onto a reading element (9);
wherein in use the combination of the displacing
means and the optical spectrum dispersing
means (7) is arranged to create an intrinsic op-
tical delay between the wavetrains of the two
relatively displaced object beam and the rela-

tively displaced reference beam which can be
used with the optical path difference in the inter-
ferometer to generate a channelled spectrum for
the optical path difference in the interferometer
on the reading element (9); and
wherein the displacing means is adapted to rel-
atively displace the object beam and the refer-
ence beam to produce the relatively displaced
object beam and the relatively displaced refer-
ence beam using one or a combination of reflec-
tion, deflection, or refraction of at least one of
the object beam and the reference beam.

2. Spectral interferometry apparatus according to
Claim 1, wherein the displacing means comprises at
least two reflective elements (51, 52), one of said at
least two reflective elements (51) being arranged to
reflect the object beam and another of said at least
two reflective elements (52) being arranged to reflect
the reference beam.

3. Spectral interferometry apparatus according to
Claim 1, wherein the displacing means comprises at
least one acoustic-optic modulator.

4. Spectral interferometry apparatus (100), comprising
an interferometer adapted to be excited by an optical
source, the apparatus comprising:

object optics arranged to transfer a beam from
the optical source, and to a target object to pro-
duce an object beam from the target object;
reference optics arranged to produce a refer-
ence beam;
displacing means arranged to laterally displace
at least one of the object beam and the reference
beam to produce a relatively displaced object
beam and a relatively displaced reference
beam;
wherein there is an optical path difference be-
tween the relatively displaced object beam and
the relatively displaced reference beam gener-
ated in the interferometer; and
optical spectrum dispersing means (7) arranged
to receive the relatively displaced object beam
and the relatively displaced reference beam on
at least partially different portions of the optical
spectrum dispersing means due to lateral dis-
placement of the two relatively displaced
beams, and arranged to disperse the spectral
content of the two displaced beams onto a read-
ing element (9);
wherein in use the combination of the displacing
means and the optical spectrum dispersing
means (7) is arranged to create an intrinsic op-
tical delay between the wavetrains of the two
relatively displaced object beam and the rela-
tively displaced reference beam which can be
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used with the optical path difference in the inter-
ferometer to generate a channelled spectrum for
the optical path difference in the interferometer
on the reading element (9); and
wherein one of the object optics or the reference
optics includes fibre optics comprising a fibre
end arranged to transmit a respective one of the
object beam or the reference beam, and the dis-
placing means is arranged to produce the rela-
tively displaced object beam and the relatively
displaced reference beam by movement of the
fibre end.

5. Spectral interferometry apparatus according to
Claim 4, wherein the displacing means is further ar-
ranged to produce the relatively displaced object
beam and the relatively displaced reference beam
by a combination of moving the fibre end and any
one or combination of reflection, deflection, and re-
fraction.

6. Spectral interferometry apparatus according to
Claim 4, wherein the object optics includes object
fibre optics comprising an object fibre end arranged
to transmit the object beam and the reference optics
includes reference fibre optics comprising a refer-
ence fibre end arranged to transmit the reference
beam and the displacing means is arranged to move
the relative positions of the object fibre end and the
reference fibre end in order to produce the relatively
displaced object beam and the relatively displaced
reference beam.

7. Spectral interferometry apparatus according to
Claim 6, wherein the displacing means is further ar-
ranged to produce the relatively displaced object
beam and the relatively displaced reference beam
by a combination of moving the relative positions of
the object fibre end and the reference fibre end and
any one or combination of reflection, deflection, and
refraction.

8. Spectral interferometry apparatus according to any
one of the preceding claims, wherein the displacing
means is adapted to alter the diameters of at least
one of the object beam and the reference beam.

9. Spectral interferometry apparatus according to any
preceding claim, further comprising means arranged
to control the optical path difference in the interfer-
ometer.

10. Spectral interferometry apparatus according to any
preceding claim, further comprising means arranged
to control the intrinsic optical delay between the rel-
atively displaced object beam and the relatively dis-
placed reference beam.

11. Spectral interferometry apparatus according to
Claim 10, wherein the means arranged to control the
optical path difference and the intrinsic optical delay
comprises processing means.

12. Spectral interferometry apparatus according to any
preceding claim, wherein the reading element (9) is
arranged to provide a signal to a signal analyser (91),
the signal analyser (91) being arranged to determine
the distribution of reflections or scattering points in
a depth range within the target object.

13. Spectral interferometry apparatus according to
Claim 12, wherein the apparatus is arranged to ad-
just the depth range by adjusting the diameter of at
least one of the relatively displaced object beam and
the relatively displaced reference beam.

14. Spectral interferometry apparatus according to any
preceding claim, further comprising means to match
the polarization of the relatively displaced object and
the relatively displaced reference beam with that of
the optical spectrum dispersing means (7).

15. Spectral interferometry apparatus according to any
preceding claim, further comprising means to com-
pensate for dispersion in the interferometer.

16. Spectral interferometry apparatus according to any
preceding claim, wherein the displacing means is
adapted to relatively orient the relatively displaced
object beam and the relatively displaced reference
beam in a displacement plane.

17. Spectral interferometry apparatus according to
Claim 16, wherein the displacing means is adapted
to permit adjustment of the relatively displaced object
beam and the relatively displaced reference beam
until they become parallel in the displacement plane.

18. Spectral interferometry apparatus according to
Claim 16 or 17, wherein the displacement means is
arranged to permit an adjustable lateral superposi-
tion of the two relatively displaced beams in the dis-
placement plane onto the optical spectrum dispers-
ing means (7) in order to enhance the strength of the
signal for small optical path difference values, where-
in the lateral superposition is from partial superposi-
tion to a total overlap.

19. Spectral interferometry apparatus according to any
preceding claim, wherein the displacing means is
adapted to relatively orient the relatively displaced
object beam and the relatively displaced reference
beam such that they hit different portions of the op-
tical spectrum dispersing means (7).

20. Spectral interferometry apparatus according to any
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one of the preceding claims, wherein the optical
spectrum dispersing means (7) comprises any one
of or combination of: a diffraction grating, a prism; a
group of prisms; a group of diffraction gratings.

21. Spectral interferometry apparatus according to
Claim 20, wherein the optical spectrum dispersing
means (7) comprises a diffraction grating, wherein
grating lines of the diffraction grating are perpendic-
ular to a line connecting the centre of the relatively
displaced reference beam and the centre of the rel-
atively displaced object beam.

22. Spectral interferometry apparatus according to
Claim 20, wherein the optical spectrum dispersing
means (7) comprises a prism including an entrance
surface, wherein a line connecting the centre of the
relatively displaced reference beam and the centre
of the displaced object beam, is within the plane de-
fined by the normal to the entrance surface of this
prism and its bisectrix.

23. Spectral interferometry apparatus according to any
one of the preceding claims, wherein the reference
optics comprises at least one reflector arranged to
provide a reference light source by reflecting a beam
of the optical source, wherein the position or tilt of
the reflector can be adjusted in order to control the
optical path difference of the relatively displaced ob-
ject beam and the relatively displaced reference
beam.

24. Spectral interferometry apparatus according to any
one of the preceding claims, wherein the reference
optics is arranged to transfer an optical beam from
the optical source to the displacing means along via
fibre optics or via reflectors arranged to prevent light
form being sent back to the optical source.

25. Spectral interferometry apparatus according to any
one of the preceding claims, wherein the object op-
tics comprises a first zoom element arranged to alter
the diameter of the object beam.

26. Spectral interferometry apparatus according to any
one of the preceding claims, further comprising a
third zoom element arranged to alter the diameter of
the relatively displaced object beam.

27. Spectral interferometry apparatus according to any
one of the preceding claims, wherein the reference
optics comprises a second zoom element arranged
to alter the diameter of the reference beam.

28. Spectral interferometry apparatus according to any
one of the preceding claims, further comprising a
fourth zoom element arranged to alter the diameter
of the relatively displaced reference beam.

29. Spectral interferometry apparatus according to any
one of the preceding claims, wherein the displace-
ment means is arranged to create an adjustable gap
between the two relatively displaced beams in order
to adjust the minimum optical path difference value
for which a modulation of the optical spectrum could
be sensed at the reading element.

30. Spectral interferometry apparatus according to
Claim 29, wherein interference between the two rel-
atively displaced beams in the interferometer takes
place entirely on the said reading element (9).

31. Spectral interferometry apparatus according to any
preceding claim, wherein interference between the
two relatively displaced beams is arranged to take
place partially on the said reading element (9) and
partially on the said optical spectrum dispersing
means (7).

32. Spectral interferometry apparatus according to
Claim 31, wherein the displacing means is arranged
to adjust the amount of lateral superposition of the
said displaced beams in order to enhance the
strength of the signal for small optical path difference
values.

33. Spectral interferometry apparatus according to
Claim 29 or 30 when dependent on Claim 11, where-
in the processing means is arranged to control the
displacing means in order to adjust the gap between
the relatively displaced object beam and the relative-
ly displaced reference beam in order to alter the min-
imum optical path difference value for which a mod-
ulation of the optical spectrum could be sensed at
the reading element (9).

34. Spectral interferometry apparatus according to any
one of the preceding claims, wherein the object op-
tics further comprises a scanning element, the scan-
ning element being arranged to scan the target ob-
ject.

35. Spectral interferometry apparatus according Claim
34, wherein the scanning element is arranged to per-
form any one of combination of: linear scanning;
raster scanning; elicoidal scanning; circular scan-
ning; or any other random shaped scanning.

36. Spectral interferometry apparatus according to any
one of the preceding claims, further comprising fo-
cusing elements in the object optics to enhance the
signal strength from a particular depth within the ob-
ject.

37. Spectral interferometry apparatus according to any
one of the preceding claims, wherein the interferom-
eter comprises an in-fibre or a bulk interferometer or
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a hybrid interferometer of in-fibre and bulk compo-
nents.

38. Spectral interferometry apparatus according to any
one of the preceding claims, where the said optical
source is a low coherence source.

39. Spectral interferometry apparatus according to any
one of the preceding claims, wherein the said read-
ing element comprises: a photodetector array; a
CCD linear array; a two dimensional array of photo-
detectors; a two dimensional CCD array; or a point
photodetector over which the dispersed spectrum is
scanned.

40. Spectral interferometry apparatus according to any
preceding claim, further comprising:

beam splitting means arranged to receive the
object beam and the reference beam and to pro-
duce a second object beam and a second ref-
erence beam;
second displacing means arranged to displace
at least one of the second object beam and the
second reference beam to produce a second
relatively displaced object beam and a second
relatively displaced reference beam,
second optical spectrum dispersing means ar-
ranged to receive the second relatively dis-
placed object beam and the second relatively
displaced reference beam on different portions
of the second optical spectrum dispersing
means due to lateral displacement of the second
relatively displaced object beam and the second
relatively displaced reference beam caused by
the second displacing means, and arranged to
disperse the spectral content of the two second
displaced beams onto a second reading ele-
ment;
wherein in use the combination of the second
displacing means and the second optical spec-
trum dispersing means is arranged to create a
second intrinsic optical delay between the wave-
trains of the second relatively displaced object
beam and the second relatively displaced refer-
ence beam which can be used with the optical
path difference in the interferometer to generate
a channelled spectrum for the optical path dif-
ference in the interferometer on the second
reading element.

41. Spectral interferometry apparatus according to
Claim 40, wherein the second displacing means is
adapted to produce the second relatively displaced
object beam and the second relatively displaced ref-
erence beam by using one or a combination of re-
flection, deflection and refraction of at least one of
the second object beam and the second reference

beam.

42. Spectral interferometry apparatus according to any
one of claims 40 and 41, wherein the optical spec-
trum dispersing means (7) and the second optical
dispersing means are oriented in such way that in
combination with their respective relatively displaced
object beam and relatively displaced reference
beam, the spectrally dispersed beams from the op-
tical spectrum dispersing means (7) and the second
optical dispersing means exhibit intrinsic delays of
opposite sign.

43. Spectral interferometry apparatus according to
Claim 42 when dependent on Claim 12 or any claim
dependent on Claim 12, wherein the second reading
element is arranged to provide a signal to a second
signal analyser, the apparatus being arranged to pro-
vide a profile of reflectivity versus optical path differ-
ence for the target object covering both signs of op-
tical path difference values on the basis of signals
output from the signal analyser and the second sig-
nal analyser.

44. Spectral interferometry apparatus according to claim
42, wherein the second optical dispersing means
comprises a diffraction grating or gratings, the dif-
fraction grating or gratings being arranged to diffract
orders of opposite sign to the said reading element
and the said second reading element.

45. Spectral interferometry apparatus according to claim
42, wherein the optical dispersing means and the
second optical dispersing means each comprises
one or more prisms, the one or more prisms being
arranged such that the relatively displaced object
beam or the relatively displaced reference beam is
closest to prism apex in the optical dispersing means
and the second relatively displaced reference beam
or the second relatively displaced object beam re-
spectively is closest to the prism apex in the second
optical dispersing means.

46. Spectral interferometry apparatus according to any
one of claims 40 to 45, wherein a signal output of
each of the reading element (9) and the second read-
ing element is sent to a separate frequency to am-
plitude converter, the apparatus being arranged
such that the output of one frequency to amplitude
converter is summed to an inverted output of the
other frequency to amplitude converter in order to
provide a signal strength proportional to the axial po-
sition of a single layer object irrespective of the OPD
sign.

47. Spectral interferometry apparatus according to any
preceding claim, further comprising:
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third beam splitting means arranged between
the displacing means and the optical spectrum
dispersing means, the beam splitting means be-
ing arranged to receive the relatively displaced
object beam and the relatively displaced refer-
ence beam to produce a third relatively dis-
placed object beam and a third relatively dis-
placed reference beam;
third displacing means arranged to adjust the
relative displacement of at least one of the third
relatively displaced object beam and the third
relatively displaced reference beam;
third optical spectrum dispersing means ar-
ranged to receive the third relatively displaced
object beam and the third relatively displaced
reference beam on different portions of the third
optical spectrum dispersing means due to lateral
displacement of the third relatively displaced ob-
ject beam and the third relatively displaced ref-
erence beam caused by the third displacing
means, and arranged to disperse the spectral
content of the third relatively displaced object
beam and the third relatively displaced refer-
ence beam onto a third reading element;

wherein in use the combination of the third displacing
means and the third optical spectrum dispersing
means is arranged to create a third intrinsic optical
delay between the wavetrains of the third relatively
displaced object beam and the third relatively dis-
placed reference beam which can be used with the
optical path difference in the interferometer to gen-
erate a channelled spectrum for the optical path dif-
ference in the interferometer on the third reading el-
ement.

48. Spectral interferometry apparatus according to
Claim 47, wherein the third displacing means is
adapted to adjust the relative displacement of at least
one of the third relatively displaced object beam and
the third relatively displaced reference beam using
one or a combination of reflection, deflection and re-
fraction of at least one of the third relatively displaced
object beam and the third relatively displaced refer-
ence beam.

49. Spectral interferometry apparatus according to any
preceding claim, wherein the source is a low coher-
ence source the output of which is send with a de-
layed replica by means of an optical duplicating el-
ement.

50. Spectral interferometry apparatus according to
Claim 49, wherein the optical duplicating element
comprises a first single mode coupler whose outputs
are connected to two inputs of a second single mode
coupler in order to create the delayed replica of the
optical source.

51. Spectral interferometry apparatus according to
Claim 49, when dependent on Claim 16, wherein the
optical duplicating element comprises a transparent
optical material in the form of a plate with parallel
surfaces, which is introduced halfway through into
the beam of the optical source in such a way that its
edge is parallel to the said displacement plane.

52. Spectral interferometry apparatus according to any
preceding claim, wherein the source is a low coher-
ence source comprising a laser driven below thresh-
old.

53. A spectral interferometry method, comprising using
an interferometer adapted to be excited by an optical
source, the said interferometer comprising object op-
tics and reference optics, the method comprising:

using the object optics to transfer a beam from
the optical source to a target object to produce
an object beam from the target object;
using reference optics to produce a reference
beam;
using displacing means to laterally displace at
least one of the object beam and the reference
beam to produce a relatively displaced object
beam and a relatively displaced reference
beam;
wherein there is an optical path difference be-
tween the relatively displaced object beam and
the relatively displaced reference beam gener-
ated in the interferometer; and
using optical spectrum dispersing means (7) to
receive the relatively displaced object beam and
the relatively displaced reference beam on at
least partially different portions of the optical
spectrum dispersing means (7) due to lateral
displacement of the two relatively displaced
beams caused by the displacing means, and to
disperse the spectral content of the two dis-
placed beams onto a reading element (9);
wherein the combination of the displacing
means and the optical spectrum dispersing
means (7) is arranged to create an intrinsic op-
tical delay between the wavetrains of the two
relatively displaced object beam and the rela-
tively displaced reference beam which can be
used with the optical path difference in the inter-
ferometer to generate a channelled spectrum for
the optical path difference in the interferometer
on the reading element (9); and
wherein the displacing means relatively displac-
es the object beam and the reference beam to
produce the relatively displaced object beam
and the relatively displaced reference beam us-
ing one or a combination of reflection, deflection,
or refraction of at least one of the object beam
and the reference beam.
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54. A spectral interferometry method, comprising using
an interferometer adapted to be excited by an optical
source, the said interferometer including object op-
tics and reference optics, the method comprising:

using object optics to transfer a beam from the
optical source to a target object to produce an
object beam from the target object;
using reference optics to produce a reference
beam;
using displacing means to laterally displace at
least one of the object beam and the reference
beam to produce a relatively displaced object
beam and a relatively displaced reference
beam;
wherein there is an optical path difference be-
tween the relatively displaced object beam and
the relatively displaced reference beam gener-
ated in the interferometer; and
using optical spectrum dispersing means (7) to
receive the relatively displaced object beam and
the relatively displaced reference beam on at
least partially different portions of the optical
spectrum dispersing means (7) due to lateral
displacement of the two relatively displaced
beams caused by the displacing means, and ar-
ranged to disperse the spectral content of the
two displaced beams onto a reading element (9);
wherein in use the combination of the displacing
means and the optical spectrum dispersing
means (7) is arranged to create an intrinsic op-
tical delay between the wavetrains of the two
relatively displaced object beam and the rela-
tively displaced reference beam which can be
used with the optical path difference in the inter-
ferometer to generate a channelled spectrum for
the optical path difference in the interferometer
on the reading element (9); and
wherein one of the object optics or the reference
optics includes fibre optics comprising a fibre
end arranged to transmit a respective one of the
object beam or the reference beam, and the dis-
placing means produces the relatively displaced
object beam and the relatively displaced refer-
ence beam by movement of the fibre end.

55. A spectral interferometry method according to Claim
54, further comprising using the displacing means
to produce the relatively displaced object beam and
the relatively displaced reference beam by a combi-
nation of moving the fibre end and any one or com-
bination of reflection, deflection, and refraction.

56. A spectral interferometry method according to Claim
54, wherein the object optics includes object fibre
optics comprising an object fibre end arranged to
transmit the object beam and the reference optics
includes reference fibre optics comprising a refer-

ence fibre end arranged to transmit the reference
beam and the displacing means moves the relative
positions of the object fibre end and the reference
fibre end in order to produce the relatively displaced
object beam and the relatively displaced reference
beam.

57. A spectral interferometry method according to Claim
55, further comprising using the displacing means
to produce the relatively displaced object beam and
the relatively displaced reference beam by a combi-
nation of moving the relative positions of the object
fibre end and the reference fibre end and any one or
combination of reflection, deflection, and refraction.

58. A spectral interferometry method according to any
one of Claims 53 to 57, further comprising:

using beam splitting means to receive the object
beam and the reference beam and to produce
a second object beam and a second reference
beam;
using second displacing means arranged to dis-
place at least one of the second object beam
and the second reference beam to produce a
second relatively displaced object beam and a
second relatively displaced reference beam,
using second optical spectrum dispersing
means arranged to receive the second relatively
displaced object beam and the second relatively
displaced reference beam on different portions
of the second optical spectrum dispersing
means due to lateral displacement of the second
relatively displaced object beam and the second
relatively displaced reference beam caused by
the second displacing means, and arranged to
disperse the spectral content of the two second
displaced beams onto a second reading ele-
ment (9);
wherein in use the combination of the second
displacing means and the second optical spec-
trum dispersing means creates a second intrin-
sic optical delay between the wavetrains of the
second relatively displaced object beam and the
second relatively displaced reference beam
which can be used with the optical path differ-
ence in the interferometer to generate a chan-
nelled spectrum for the optical path difference
in the interferometer on the second reading el-
ement.

59. A spectral interferometry method according to Claim
58, wherein the second displacing means produce
the second relatively displaced object beam and the
second relatively displaced reference beam by using
one or a combination of reflection, deflection and re-
fraction of at least one of the second object beam
and the second reference beam.
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60. A spectral interferometry method according to Claim
58 or 59, further comprising orienting the optical
spectrum dispersing means and the second optical
dispersing means in such way that in combination
with their respective relatively displaced object beam
and relatively displaced reference beam, the spec-
trally dispersed beams from the optical spectrum dis-
persing means and the second optical spectrum dis-
persing means exhibit intrinsic delays of opposite
sign.

61. A spectral interferometry method according to Claim
60, further comprising using the reading element to
provide a signal to a signal analyser, and using the
signal analyser to determine the distribution of re-
flections or scattering points in a depth range within
the target object, wherein the second reading ele-
ment provides a signal to a second signal analyser,
the method further comprising providing a profile of
reflectivity versus optical path difference for the tar-
get object covering both signs of optical path differ-
ence values on the basis of signals output from the
signal analyser and the second signal analyser.

62. A spectral interferometry method according to Claim
61, further comprising arranging the signal analyser
and the second signal analyser in such a way that
only two main peaks are retained in total in the ac-
cumulated signal output of the signal analyser and
the second signal analyser, and determining the
thickness of the object on the basis of the difference
between the maximum and minimum frequency of
the two peaks arising at the output of one of the signal
analyser and the second signal analyser when no
other signal exceeds a threshold at the output of the
other of the signal analyser and the second signal
analyser.

63. A spectral interferometry method according to Claim
61, further comprising arranging the signal analyser
and the second signal analyser in such a way that
only two main peaks are retained in total in the ac-
cumulated signal output of the signal analyser and
the second signal analyser, and determining the
thickness of the object on the basis of the sum of the
extreme frequencies of the signal analyser and the
second signal analyser when the signal exceeds a
threshold only once in the output of each of the signal
analyser and the second signal analyser.

64. A spectral interferometry method according to Claim
62 or 63, further comprising using a thresh-holding
circuit mounted at the output of each of the signal
analyser and the second signal analyser to discard
non-essential peaks which represent noise and
peaks from the target object of smaller amplitudes
in such a way that only two main peaks are retained
in total in the accumulated signal output of the signal

analyser and the second signal analyser.

Patentansprüche

1. Spektralinterferometrievorrichtung (100), umfas-
send ein Interferometer, das dafür eingerichtet ist,
durch eine optische Quelle angeregt zu werden, wo-
bei die Vorrichtung umfasst:

eine Objektoptik, die dafür eingerichtet ist, einen
Strahl von der optischen Quelle und zu einem
Zielobjekt zu übertragen, um einen Objektstrahl
vom Zielobjekt zu erzeugen;
eine Referenzoptik, die dafür eingerichtet ist, ei-
nen Referenzstrahl zu erzeugen;
ein Verschiebemittel, das dafür eingerichtet ist,
mindestens einen des Objektstrahls und des
Referenzstrahls lateral zu verschieben, um ei-
nen relativ verschobenen Objektstrahl und ei-
nen relativ verschobenen Referenzstrahl zu er-
zeugen;
worin es einen optischen Gangunterschied zwi-
schen dem relativ verschobenen Objektstrahl
und dem relativ verschobenen Referenzstrahl,
die im Interferometer erzeugt wurden, gibt; und
ein optisches Spektrumzerstreumittel (7), das
dafür eingerichtet ist, den relativ verschobenen
Objektstrahl und den relativ verschobenen Re-
ferenzstrahl auf zumindest teilweise unter-
schiedlichen Abschnitten des optischen Spek-
trumzerstreumittels zu empfangen, und zwar
aufgrund der durch das Verschiebemittel be-
wirkten lateralen Verschiebung der beiden rela-
tiv verschobenen Strahlen, und das dafür ein-
gerichtet ist, den spektralen Inhalt der beiden
verschobenen Strahlen auf ein Leseelement (9)
zu zerstreuen;
worin in Verwendung die Kombination aus dem
Verschiebemittel und dem optischen Spektrum-
zerstreumittel (7) dafür eingerichtet ist, eine in-
trinsische optische Verzögerung zwischen den
Wellenzügen des relativ verschobenen Objekt-
strahls und des relativ verschobenen Referenz-
strahls zu erzeugen, die mit dem optischen
Gangunterschied im Interferometer verwendet
werden kann, um ein kanalisiertes Spektrum für
den optischen Gangunterschied im Interferome-
ter auf dem Leseelement (9) zu erzeugen; und
worin das Verschiebemittel dafür eingerichtet
ist, den Objektstrahl und den Referenzstrahl re-
lativ zu verschieben, um den relativ verschobe-
nen Objektstrahl und den relativ verschobenen
Referenzstrahl zu erzeugen, indem eines oder
eine Kombination von Folgendem verwendet
wird: Reflexion, Ablenkung oder Brechung von
mindestens einem des Objektstrahls und des
Referenzstrahls.
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2. Spektralinterferometrievorrichtung nach Anspruch
1, worin das Verschiebemittel mindestens zwei re-
flektierende Elemente (51, 52) umfasst, wobei eines
der mindestens zwei reflektierenden Elemente (51)
dafür eingerichtet ist, den Objektstrahl zu reflektie-
ren,
und ein anderes der mindestens zwei reflektieren-
den Elemente (52) dafür eingerichtet ist, den Refe-
renzstrahl zu reflektieren.

3. Spektralinterferometrievorrichtung nach Anspruch
1, worin das Verschiebemittel mindestens einen
akustooptischen Modulator umfasst.

4. Spektralinterferometrievorrichtung (100), umfas-
send ein Interferometer, das dafür eingerichtet ist,
durch eine optische Quelle angeregt zu werden, wo-
bei die Vorrichtung umfasst:

eine Objektoptik, die dafür eingerichtet ist, einen
Strahl von der optischen Quelle und zu einem
Zielobjekt zu übertragen, um einen Objektstrahl
vom Zielobjekt zu erzeugen;
eine Referenzoptik, die dafür eingerichtet ist, ei-
nen Referenzstrahl zu erzeugen;
ein Verschiebemittel, das dafür eingerichtet ist,
mindestens einen des Objektstrahls und des
Referenzstrahls lateral zu verschieben, um ei-
nen relativ verschobenen Objektstrahl und ei-
nen relativ verschobenen Referenzstrahl zu er-
zeugen;
worin es einen optischen Gangunterschied zwi-
schen dem relativ verschobenen Objektstrahl
und dem relativ verschobenen Referenzstrahl,
die im Interferometer erzeugt wurden, gibt; und
ein optisches Spektrumzerstreumittel (7), das
dafür eingerichtet ist, den relativ verschobenen
Objektstrahl und den relativ verschobenen Re-
ferenzstrahl auf zumindest teilweise unter-
schiedlichen Abschnitten des optischen Spek-
trumzerstreumittels zu empfangen, und zwar
aufgrund der lateralen Verschiebung der beiden
relativ verschobenen Strahlen, und das dafür
eingerichtet ist, den spektralen Inhalt der beiden
verschobenen Strahlen auf ein Leseelement (9)
zu zerstreuen;
worin in Verwendung die Kombination aus dem
Verschiebemittel und dem optischen Spektrum-
zerstreumittel (7) dafür eingerichtet ist, eine in-
trinsische optische Verzögerung zwischen den
Wellenzügen des relativ verschobenen Objekt-
strahls und des relativ verschobenen Referenz-
strahls zu erzeugen, die mit dem optischen
Gangunterschied im Interferometer verwendet
werden kann, um ein kanalisiertes Spektrum für
den optischen Gangunterschied im Interferome-
ter auf dem Leseelement (9) zu erzeugen; und
worin eine der Objektoptik oder der Referenz-

optik eine Faseroptik aufweist, die ein Faseren-
de umfasst, das dafür eingerichtet ist, einen je-
weiligen des Objektstrahls oder des Referenz-
strahls zu übertragen, und das Verschiebemittel
dafür eingerichtet ist, den relativ verschobenen
Objektstrahl und den relativ verschobenen Re-
ferenzstrahl durch Bewegung des Faserendes
zu erzeugen.

5. Spektralinterferometrievorrichtung nach Anspruch
4, worin das Verschiebemittel ferner dafür eingerich-
tet ist, den relativ verschobenen Objektstrahl und
den relativ verschobenen Referenzstrahl durch eine
Kombination aus dem Bewegen des Faserendes
und einem oder einer Kombination aus Reflexion,
Ablenkung und Brechung zu erzeugen.

6. Spektralinterferometrievorrichtung nach Anspruch
4, worin die Objektoptik eine Objektfaseroptik auf-
weist, die ein Objektfaserende umfasst, das dafür
eingerichtet ist, den Objektstrahl zu übertragen, und
die Referenzoptik eine Referenzfaseroptik aufweist,
die ein Referenzfaserende umfasst, das dafür ein-
gerichtet ist, den Referenzstrahl zu übertragen, und
das Verschiebemittel dafür eingerichtet ist, die rela-
tiven Positionen des Objektfaserendes und des Re-
ferenzfaserendes zu bewegen, um den relativ ver-
schobenen Objektstrahl und den relativ verschobe-
nen Referenzstrahl zu erzeugen.

7. Spektralinterferometrievorrichtung nach Anspruch
6, worin das Verschiebemittel ferner dafür eingerich-
tet ist, den relativ verschobenen Objektstrahl und
den relativ verschobenen Referenzstrahl durch eine
Kombination aus dem Bewegen der relativen Posi-
tionen des Objektfaserendes und des Referenzfa-
serendes und einem oder einer Kombination aus Re-
flexion, Ablenkung und Brechung zu erzeugen.

8. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, worin das Verschiebe-
mittel dafür eingerichtet ist, den Durchmesser von
mindestens einem des Objektstrahls und des Refe-
renzstrahls zu verändern.

9. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, ferner ein Mittel umfas-
send, das dafür eingerichtet ist, den optischen Gang-
unterschied im Interferometer zu steuern.

10. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, ferner ein Mittel umfas-
send, das dafür eingerichtet ist, die intrinsische op-
tische Verzögerung zwischen dem relativ verscho-
benen Objektstrahl und dem relativ verschobenen
Referenzstrahl zu steuern.

11. Spektralinterferometrievorrichtung nach Anspruch
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10, worin das Mittel, das dafür eingerichtet ist, den
optischen Gangunterschied und die intrinsische op-
tische Verzögerung zu steuern, ein Verarbeitungs-
mittel umfasst.

12. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, worin das Leseele-
ment (9) dafür eingerichtet ist, ein Signal an einen
Signalanalysator (91) zu übergeben, worin der Sig-
nalanalysator (91) dafür eingerichtet ist, die Vertei-
lung von Reflexionen oder Streupunkten in einem
Tiefenbereich innerhalb des Zielobjekts zu bestim-
men.

13. Spektralinterferometrievorrichtung nach Anspruch
12, worin die Vorrichtung dafür eingerichtet ist, den
Tiefenbereich durch Einstellen des Durchmessers
von mindestens einem des relativ verschobenen Ob-
jektstrahls und des relativ verschobenen Referenz-
strahls einzustellen.

14. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, ferner ein Mittel umfas-
send, um die Polarisation des relativ verschobenen
Objektstrahls und des relativ verschobenen Refe-
renzstrahls mit jener des optischen Spektrumzer-
streumittels (7) abzustimmen.

15. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, ferner ein Mittel umfas-
send, um die Dispersion im Interferometer zu kom-
pensieren.

16. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, worin das Verschiebe-
mittel dafür eingerichtet ist, den relativ verschobe-
nen Objektstrahl und den relativ verschobenen Re-
ferenzstrahl in einer Verschiebungsebene relativ
auszurichten.

17. Spektralinterferometrievorrichtung nach Anspruch
16, worin das Verschiebemittel dafür eingerichtet ist,
das Einstellen des relativ verschobenen Objekt-
strahls und des relativ verschobenen Referenz-
strahls, bis sie in der Verschiebungsebene parallel
werden, zu ermöglichen.

18. Spektralinterferometrievorrichtung nach Anspruch
16 oder 17, worin das Verschiebemittel dafür einge-
richtet ist, eine einstellbare laterale Überlagerung
der beiden relativ verschobenen Strahlen in der Ver-
schiebungsebene auf das optische Spektrumzer-
streumittel (7) zu ermöglichen, um die Stärke des
Signals für kleine optische Gangunterschiedswerte
zu verbessern, worin die laterale Überlagerung von
teilweiser Überlagerung bis zu völliger Überdeckung
reicht.

19. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, worin das Verschiebe-
mittel dafür eingerichtet ist, den relativ verschobe-
nen Objektstrahl und den relativ verschobenen Re-
ferenzstrahl relativ so auszurichten, dass sie unter-
schiedliche Abschnitte des optischen Spektrumzer-
streumittels (7) treffen.

20. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, worin das optische
Spektrumzerstreumittel (7) eines oder eine Kombi-
nation von Folgendem umfasst: ein Beugungsgitter;
ein Prisma; eine Gruppe von Prismen; eine Gruppe
von Beugungsgittern.

21. Spektralinterferometrievorrichtung nach Anspruch
20, worin das optische Spektrumzerstreumittel (7)
ein Beugungsgitter umfasst, worin Gitterlinien des
Beugungsgitters senkrecht zu einer Linie sind, die
das Zentrum des relativ verschobenen Referenz-
strahls und das Zentrum des relativ verschobenen
Objektstrahls verbindet.

22. Spektralinterferometrievorrichtung nach Anspruch
20, worin das optische Spektrenzerstreumittel (7) ein
Prisma mit einer Eintrittsoberfläche umfasst, worin
eine Linie, die das Zentrum des relativ verschobenen
Referenzstrahls und das Zentrum des relativ ver-
schobenen Objektstrahls verbindet, innerhalb der
Ebene liegt, die durch die Normale zur Eintrittsober-
fläche des Prismas und ihre Winkelhalbierende de-
finiert wird.

23. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, worin die Referenzop-
tik mindestens einen Reflektor umfasst, der dafür
eingerichtet ist, durch Reflektieren eines Strahls der
optischen Quelle eine Referenzlichtquelle bereitzu-
stellen, worin die Position oder Neigung des Reflek-
tors eingestellt werden kann, um den optischen
Gangunterschied des relativ verschobenen Objekt-
strahls und des relativ verschobenen Referenz-
strahls zu steuern.

24. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, worin die Referenzop-
tik dafür eingerichtet ist, einen optischen Strahl von
der optischen Quelle zu dem Verschiebemittel zu
übertragen, und zwar mittels Faseroptiken oder mit-
tels Reflektoren, die dafür eingerichtet sind, zu ver-
hindern, dass Licht zur optischen Quelle zurückge-
sendet wird.

25. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, worin die Objektoptik
ein erstes Zoomelement umfasst, das dafür einge-
richtet ist, den Durchmesser des Objektstrahls zu
verändern.
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26. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, ferner ein drittes Zoo-
melement umfassend, das dafür eingerichtet ist, den
Durchmesser des relativ verschobenen Objekt-
strahls zu verändern.

27. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, worin die Referenzop-
tik ein zweites Zoomelement umfasst, das dafür ein-
gerichtet ist, den Durchmesser des Referenzstrahls
zu verändern.

28. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, ferner ein viertes Zoo-
melement umfassend, das dafür eingerichtet ist, den
Durchmesser des relativ verschobenen Referenz-
strahls zu verändern.

29. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, worin das Verschiebe-
mittel dafür eingerichtet ist, eine einstellbare Lücke
zwischen den beiden relativ verschobenen Strahlen
zu erzeugen, um den minimalen optischen Gangun-
terschiedswert einzustellen, für den eine Modulation
des optischen Spektrums am Leseelement erfasst
werden könnte.

30. Spektralinterferometrievorrichtung nach Anspruch
29, worin Interferenz zwischen den beiden relativ
verschobenen Strahlen im Interferometer gänzlich
auf dem besagten Leseelement (9) stattfindet.

31. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, worin Interferenz zwi-
schen den beiden relativ verschobenen Strahlen so
eingerichtet wird, dass sie zum Teil auf dem besag-
ten Leseelement (9) und zum Teil auf dem besagten
optischen Spektrumzerstreumittel (7) stattfindet.

32. Spektralinterferometrievorrichtung nach Anspruch
31, worin das Verschiebemittel dafür eingerichtet ist,
den Betrag der lateralen Überlagerung der besagten
verschobenen Strahlen einzustellen, um die Stärke
des Signals für kleine optische Gangunterschieds-
werte zu verbessern.

33. Spektralinterferometrievorrichtung nach Anspruch
29 oder 30, wenn abhängig von Anspruch 11, worin
das Verarbeitungsmittel dafür eingerichtet ist, das
Verschiebemittel zu steuern, um die Lücke zwischen
dem relativ verschobenen Objektstrahl und dem re-
lativ verschobenen Referenzstrahl einzustellen, um
den minimalen optischen Gangunterschiedswert zu
ändern, für den eine Modulation des optischen Spek-
trums am Leseelement (9) erfasst werden könnte.

34. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, worin die Objektoptik

ferner ein Abtastelement umfasst, wobei das Abtas-
telement dafür eingerichtet ist, das Zielobjekt abzu-
tasten.

35. Spektralinterferometrievorrichtung nach Anspruch
34, worin das Abtastelement dafür eingerichtet ist,
eine Kombination von Folgendem durchzuführen: li-
neare Abtastung; Rasterabtastung; schraubenför-
mige Abtastung; kreisförmige Abtastung; oder ir-
gendeine andere beliebig geformte Abtastung.

36. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, ferner Fokussierele-
mente in der Objektoptik umfassend, um die Signal-
stärke aus einer bestimmten Tiefe innerhalb des Ob-
jekts zu verbessern.

37. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, worin das Interferome-
ter ein faserinternes oder ein massives Interferome-
ter oder ein Hybridinterferometer aus faserinternen
und massiven Komponenten umfasst.

38. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, worin die besagte op-
tische Quelle eine Quelle mit niedriger Kohärenz ist.

39. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, worin das besagte Le-
seelement umfasst: eine Fotodetektoranordnung;
eine lineare CCD-Anordnung; eine zweidimensiona-
le Anordnung von Fotodetektoren; eine zweidimen-
sionale CCD-Anordnung; oder einen Punkt-Fotode-
tektor, über den das gestreute Spektrum abgetastet
wird.

40. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, ferner umfassend:

ein Strahlteilermittel, das dafür eingerichtet ist,
den Objektstrahl und den Referenzstrahl zu
empfangen und einen zweiten Objektstrahl und
einen zweiten Referenzstrahl zu erzeugen;
ein zweites Verschiebemittel, das dafür einge-
richtet ist, mindestens einen des zweiten Ob-
jektstrahls und des zweiten Referenzstrahls zu
verschieben, um einen zweiten relativ verscho-
benen Objektstrahl und einen zweiten relativ
verschobenen Referenzstrahl zu erzeugen;
ein zweites optisches Spektrumzerstreumittel,
das dafür eingerichtet ist, den zweiten relativ
verschobenen Objektstrahl und den zweiten re-
lativ verschobenen Referenzstrahl auf unter-
schiedlichen Abschnitten des zweiten optischen
Spektrumzerstreumittels zu empfangen, und
zwar aufgrund der durch das zweite Verschie-
bemittel bewirkten lateralen Verschiebung des
zweiten relativ verschobenen Objektstrahls und
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des zweiten relativ verschobenen Referenz-
strahls, und das dafür eingerichtet ist, den spek-
tralen Inhalt der beiden zweiten verschobenen
Strahlen auf ein zweites Leseelement zu zer-
streuen;
worin in Verwendung die Kombination aus dem
zweiten Verschiebemittel und dem zweiten op-
tischen Spektrumzerstreumittel dafür eingerich-
tet ist, eine zweite intrinsische optische Verzö-
gerung zwischen den Wellenzügen des zweiten
relativ verschobenen Objektstrahls und des
zweiten relativ verschobenen Referenzstrahls
zu erzeugen, die mit dem optischen Gangunter-
schied im Interferometer verwendet werden
kann, um ein kanalisiertes Spektrum für den op-
tischen Gangunterschied im Interferometer auf
dem zweiten Leseelement zu erzeugen.

41. Spektralinterferometrievorrichtung nach Anspruch
40, worin das zweite Verschiebemittel dafür einge-
richtet ist, den zweiten relativ verschobenen Objekt-
strahl und den zweiten relativ verschobenen Refe-
renzstrahl zu erzeugen, indem eines oder eine Kom-
bination von Folgendem verwendet wird: Reflexion,
Ablenkung und Brechung von mindestens einem
des zweiten Objektstrahls und des zweiten Refe-
renzstrahls.

42. Spektralinterferometrievorrichtung nach einem der
Ansprüche 40 und 41, worin das optische Spektrum-
zerstreumittel (7) und das zweite optische Spektrum-
zerstreumittel auf solche Weise ausgerichtet sind,
dass die spektral zerstreuten Strahlen aus dem op-
tischen Spektrumzerstreumittel (7) und dem zweiten
optischen Spektrumzerstreumittel in Kombination
mit ihrem jeweiligen relativ verschobenen Objekt-
strahl und relativ verschobenen Referenzstrahl in-
trinsische Verzögerungen mit entgegengesetztem
Vorzeichen aufweisen.

43. Spektralinterferometrievorrichtung nach Anspruch
42, wenn abhängig von Anspruch 12 oder einem von
Anspruch 12 abhängigen Anspruch, worin das zwei-
te Leseelement dafür eingerichtet ist, ein Signal an
einen zweiten Signalanalysator zu übergeben, wo-
bei die Vorrichtung dafür eingerichtet ist, auf der
Grundlage von Signalen, die vom Signalanalysator
und vom zweiten Signalanalysator ausgegeben wer-
den, ein Profil der Reflektivität gegenüber dem opti-
schen Gangunterschied für das Zielobjekt bereitzu-
stellen, das beide Vorzeichen der optischen Gang-
unterschiedswerte abdeckt.

44. Spektralinterferometrievorrichtung nach Anspruch
42, worin das zweite optische Spektrumzerstreumit-
tel ein oder mehrere Beugungsgitter umfasst, wobei
das oder die Beugungsgitter dafür eingerichtet sind,
Ordnungen mit entgegengesetzten Vorzeichen zum

besagten Leseelement und zum besagten zweiten
Leseelement zu beugen.

45. Spektralinterferometrievorrichtung nach Anspruch
42, worin das optische Spektrumzerstreumittel und
das zweite optische Spektrumzerstreumittel jeweils
ein oder mehrere Prismen umfassen, wobei die ei-
nen oder mehreren Prismen so angeordnet sind,
dass der relativ verschobene Objektstrahl oder der
relativ verschobene Referenzstrahl am nächsten zu
einem Prismenscheitel in dem optischen Spektrum-
zerstreumittel ist und der zweite relativ verschobene
Referenzstrahl oder der zweite relativ verschobene
Objektstrahl jeweils am nächsten zu einem Prismen-
scheitel in dem zweiten optischen Spektrumzer-
streumittel ist.

46. Spektralinterferometrievorrichtung nach einem der
Ansprüche 40 bis 45, worin eine Signalausgabe von
jedem des Leseelements (9) und des zweiten Le-
seelements an einen separaten Frequenz-Amplitu-
de-Umsetzer gesendet wird, wobei die Vorrichtung
so eingerichtet ist, dass die Ausgabe eines Fre-
quenz-Amplitude-Umsetzers mit einer invertierten
Ausgabe des anderen Frequenz-Amplitude-Umset-
zers summiert wird, um eine Signalstärke zu erge-
ben, die proportional zur axialen Lage eines ein-
schichtigen Objekts ist, unabhängig vom Vorzeichen
des optischen Gangunterschieds.

47. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, ferner umfassend:

ein drittes Strahlteilermittel, das zwischen dem
Verschiebemittel und dem optischen Spektrum-
zerstreumittel angeordnet ist, wobei das
Strahlteilermittel dafür eingerichtet ist, den rela-
tiv verschobenen Objektstrahl und den relativ
verschobenen Referenzstrahl zu empfangen,
um einen dritten relativ verschobenen Objekt-
strahl und einen dritten relativ verschobenen
Referenzstrahl zu erzeugen;
ein drittes Verschiebemittel, das dafür einge-
richtet ist, die relative Verschiebung von min-
destens einem des dritten relativ verschobenen
Objektstrahls und des dritten relativ verschobe-
nen Referenzstrahls einzustellen;
ein drittes optisches Spektrumzerstreumittel,
das dafür eingerichtet ist, den dritten relativ ver-
schobenen Objektstrahl und den dritten relativ
verschobenen Referenzstrahl auf unterschied-
lichen Abschnitten des dritten optischen Spek-
trumzerstreumittels zu empfangen, und zwar
aufgrund der durch das dritte Verschiebemittel
bewirkten lateralen Verschiebung des dritten re-
lativ verschobenen Objektstrahls und des dritten
relativ verschobenen Referenzstrahls, und das
dafür eingerichtet ist, den spektralen Inhalt des
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des dritten relativ verschobenen Objektstrahls
und des dritten relativ verschobenen Referenz-
strahls auf ein drittes Leseelement zu zerstreu-
en;
worin in Verwendung die Kombination aus dem
dritten Verschiebemittel und dem dritten opti-
schen Spektrumzerstreumittel dafür eingerich-
tet ist, eine dritte intrinsische optische Verzöge-
rung zwischen den Wellenzügen des dritten re-
lativ verschobenen Objektstrahls und des dritten
relativ verschobenen Referenzstrahls zu erzeu-
gen, die mit dem optischen Gangunterschied im
Interferometer verwendet werden kann, um ein
kanalisiertes Spektrum für den optischen Gang-
unterschied im Interferometer auf dem dritten
Leseelement zu erzeugen.

48. Spektralinterferometrievorrichtung nach Anspruch
47, worin das dritte Verschiebemittel dafür eingerich-
tet ist, die relative Verschiebung von mindestens ei-
nem des dritten relativ verschobenen Objektstrahls
und des dritten relativ verschobenen Referenz-
strahls einzustellen, indem eines oder eine Kombi-
nation von Folgendem verwendet wird: Reflexion,
Ablenkung und Brechung von mindestens einem
des dritten relativ verschobenen Objektstrahls und
des dritten relativ verschobenen Referenzstrahls.

49. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, worin die optische
Quelle eine Quelle mit niedriger Kohärenz ist, deren
Ausgabe mittels eines optischen Vervielfältigungs-
elements mit einer verzögerten Kopie gesendet wird.

50. Spektralinterferometrievorrichtung nach Anspruch
49, worin das optische Vervielfältigungselement ei-
nen ersten Einzelmodenkoppler umfasst, dessen
Ausgänge mit zwei Eingängen eines zweiten Einzel-
modenkopplers verbunden sind, um die verzögerte
Kopie der optischen Quelle zu erzeugen.

51. Spektralinterferometrievorrichtung nach Anspruch
49, wenn abhängig von Anspruch 16, worin das op-
tische Vervielfältigungselement ein transparentes
optisches Material in Form einer Platte mit parallelen
Oberflächen umfasst, die auf halbem Wege in den
Strahl der optischen Quelle eingeführt wird, und zwar
auf solche Weise, dass ihr Rand parallel zur besag-
ten Verschiebungsebene ist.

52. Spektralinterferometrievorrichtung nach einem der
vorhergehenden Ansprüche, worin die optische
Quelle eine Quelle mit niedriger Kohärenz ist, die
einen Laser umfasst, der unterhalb einer Schwelle
betrieben wird.

53. Spektralinterferometrieverfahren, umfassend: Ver-
wenden eines durch eine optische Quelle anzure-

genden Interferometers, wobei das besagte Interfe-
rometer eine Objektoptik und eine Referenzoptik
umfasst, wobei das Verfahren umfasst:

Verwenden der Objektoptik, um einen Strahl
von der optischen Quelle zu einem Zielobjekt zu
übertragen, um einen Objektstrahl vom Zielob-
jekt zu erzeugen;
Verwenden einer Referenzoptik, um einen Re-
ferenzstrahl zu erzeugen;
Verwenden eines Verschiebemittels, um min-
destens einen des Objektstrahls und des Refe-
renzstrahls lateral zu verschieben, um einen re-
lativ verschobenen Objektstrahl und einen rela-
tiv verschobenen Referenzstrahl zu erzeugen;
worin es einen optischen Gangunterschied zwi-
schen dem relativ verschobenen Objektstrahl
und dem relativ verschobenen Referenzstrahl,
die im Interferometer erzeugt wurden, gibt; und
Verwenden eines optischen Spektrumzerstreu-
mittels (7), um den relativ verschobenen Objekt-
strahl und den relativ verschobenen Referenz-
strahl auf zumindest teilweise unterschiedlichen
Abschnitten des optischen Spektrumzerstreu-
mittels (7) zu empfangen, und zwar aufgrund
der durch das Verschiebemittel bewirkten late-
ralen Verschiebung der beiden relativ verscho-
benen Strahlen, und um den spektralen Inhalt
der beiden verschobenen Strahlen auf ein Le-
seelement (9) zu zerstreuen;
worin die Kombination aus dem Verschiebemit-
tel und dem optischen Spektrumzerstreumittel
(7) dafür eingerichtet ist, eine intrinsische opti-
sche Verzögerung zwischen den Wellenzügen
des relativ verschobenen Objektstrahls und des
relativ verschobenen Referenzstrahls zu erzeu-
gen, die mit dem optischen Gangunterschied im
Interferometer verwendet werden kann, um ein
kanalisiertes Spektrum für den optischen Gang-
unterschied im Interferometer auf dem Lesee-
lement (9) zu erzeugen; und
worin das Verschiebemittel den Objektstrahl
und den Referenzstrahl relativ verschiebt, um
den relativ verschobenen Objektstrahl und den
relativ verschobenen Referenzstrahl zu erzeu-
gen, indem eines oder eine Kombination von
Folgendem verwendet wird: Reflexion, Ablen-
kung oder Brechung von mindestens einem des
Objektstrahls und des Referenzstrahls.

54. Spektralinterferometrieverfahren, umfassend: Ver-
wenden eines durch eine optische Quelle anzure-
genden Interferometers, wobei das besagte Interfe-
rometer eine Objektoptik und eine Referenzoptik
umfasst, wobei das Verfahren umfasst:

Verwenden der Objektoptik, um einen Strahl
von der optischen Quelle zu einem Zielobjekt zu
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übertragen, um einen Objektstrahl vom Zielob-
jekt zu erzeugen;
Verwenden der Referenzoptik, um einen Refe-
renzstrahl zu erzeugen;
Verwenden eines Verschiebemittels, um min-
destens einen des Objektstrahls und des Refe-
renzstrahls lateral zu verschieben, um einen re-
lativ verschobenen Objektstrahl und einen rela-
tiv verschobenen Referenzstrahl zu erzeugen;
worin es einen optischen Gangunterschied zwi-
schen dem relativ verschobenen Objektstrahl
und dem relativ verschobenen Referenzstrahl,
die im Interferometer erzeugt wurden, gibt; und
Verwenden eines optischen Spektrumzerstreu-
mittels (7), um den relativ verschobenen Objekt-
strahl und den relativ verschobenen Referenz-
strahl auf zumindest teilweise unterschiedlichen
Abschnitten des optischen Spektrumzerstreu-
mittels (7) zu empfangen, und zwar aufgrund
der durch das Verschiebemittel bewirkten late-
ralen Verschiebung der beiden relativ verscho-
benen Strahlen, und um den spektralen Inhalt
der beiden verschobenen Strahlen auf ein Le-
seelement (9) zu zerstreuen;
worin in Verwendung die Kombination aus dem
Verschiebemittel und dem optischen Spektrum-
zerstreumittel (7) dafür eingerichtet ist, eine in-
trinsische optische Verzögerung zwischen den
Wellenzügen des relativ verschobenen Objekt-
strahls und des relativ verschobenen Referenz-
strahls zu erzeugen, die mit dem optischen
Gangunterschied im Interferometer verwendet
werden kann, um ein kanalisiertes Spektrum für
den optischen Gangunterschied im Interferome-
ter auf dem Leseelement (9) zu erzeugen; und
worin eine der Objektoptik oder der Referenz-
optik eine Faseroptik aufweist, die ein Faseren-
de umfasst, das dafür eingerichtet ist, einen je-
weiligen des Objektstrahls oder des Referenz-
strahls zu übertragen, und das Verschiebemittel
den relativ verschobenen Objektstrahl und den
relativ verschobenen Referenzstrahl durch Be-
wegung des Faserendes erzeugt.

55. Spektralinterferometrieverfahren nach Anspruch 54,
ferner umfassend:

Verwenden des Verschiebemittels, um den re-
lativ verschobenen Objektstrahl und den relativ
verschobenen Referenzstrahl durch eine Kom-
bination aus dem Bewegen des Faserendes und
einem oder einer Kombination aus Reflexion,
Ablenkung und Brechung zu erzeugen.

56. Spektralinterferometrieverfahren nach Anspruch 54,
worin die Objektoptik eine Objektfaseroptik aufweist,
die ein Objektfaserende umfasst, das dafür einge-
richtet ist, den Objektstrahl zu übertragen, und die

Referenzoptik eine Referenzfaseroptik aufweist, die
ein Referenzfaserende umfasst, das dafür einge-
richtet ist, den Referenzstrahl zu übertragen, und
das Verschiebemittel die relativen Positionen des
Objektfaserendes und des Referenzfaserendes be-
wegt, um den relativ verschobenen Objektstrahl und
den relativ verschobenen Referenzstrahl zu erzeu-
gen.

57. Spektralinterferometrieverfahren nach Anspruch 55,
ferner umfassend: Verwenden des Verschiebemit-
tels, um den relativ verschobenen Objektstrahl und
den relativ verschobenen Referenzstrahl durch eine
Kombination aus dem Bewegen der relativen Posi-
tionen des Objektfaserendes und des Referenzfa-
serendes und einem oder einer Kombination aus Re-
flexion, Ablenkung und Brechung zu erzeugen.

58. Spektralinterferometrieverfahren nach einem der
Ansprüche 53 bis 57, ferner umfassend:

Verwenden eines Strahlteilermittels, um den
Objektstrahl und den Referenzstrahl zu empfan-
gen und einen zweiten Objektstrahl und einen
zweiten Referenzstrahl zu erzeugen;
Verwenden eines zweiten Verschiebemittels,
um mindestens einen des zweiten Objektstrahls
und des zweiten Referenzstrahls zu verschie-
ben, um einen zweiten relativ verschobenen Ob-
jektstrahl und einen zweiten relativ verschobe-
nen Referenzstrahl zu erzeugen;
Verwenden eines zweiten optischen Spektrum-
zerstreumittels, das dafür eingerichtet ist, den
zweiten relativ verschobenen Objektstrahl und
den zweiten relativ verschobenen Referenz-
strahl auf unterschiedlichen Abschnitten des
zweiten optischen Spektrumzerstreumittels zu
empfangen, und zwar aufgrund der durch das
zweite Verschiebemittel bewirkten lateralen
Verschiebung des zweiten relativ verschobenen
Objektstrahls und des zweiten relativ verscho-
benen Referenzstrahls, und das dafür einge-
richtet ist, den spektralen Inhalt der beiden zwei-
ten verschobenen Strahlen auf ein zweites Le-
seelement (9) zu zerstreuen;
worin in Verwendung die Kombination aus dem
zweiten Verschiebemittel und dem zweiten op-
tischen Spektrumzerstreumittel eine zweite in-
trinsische optische Verzögerung zwischen den
Wellenzügen des zweiten relativ verschobenen
Objektstrahls und des zweiten relativ verscho-
benen Referenzstrahls erzeugt, die mit dem op-
tischen Gangunterschied im Interferometer ver-
wendet werden kann, um ein kanalisiertes
Spektrum für den optischen Gangunterschied
im Interferometer auf dem zweiten Leseelement
zu erzeugen.
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59. Spektralinterferometrieverfahren nach Anspruch 58,
worin das zweite Verschiebemittel den zweiten re-
lativ verschobenen Objektstrahl und den zweiten re-
lativ verschobenen Referenzstrahl erzeugt, indem
eines oder eine Kombination von Folgendem ver-
wendet wird: Reflexion, Ablenkung und Brechung
von mindestens einem des zweiten Objektstrahls
und des zweiten Referenzstrahls.

60. Spektralinterferometrieverfahren nach Anspruch 58
oder 59, ferner umfassend: Ausrichten des opti-
schen Spektrumzerstreumittels und des zweiten op-
tischen Spektrumzerstreumittels auf solche Weise,
dass die spektral zerstreuten Strahlen aus dem op-
tischen Spektrumzerstreumittel und dem zweiten
optischen Spektrumzerstreumittel in Kombination
mit ihrem jeweiligen relativ verschobenen Objekt-
strahl und relativ verschobenen Referenzstrahl in-
trinsische Verzögerungen mit entgegengesetztem
Vorzeichen aufweisen.

61. Spektralinterferometrieverfahren nach Anspruch 60,
ferner umfassend: Verwenden des Leseelements,
um ein Signal an einen Signalanalysator zu überge-
ben, und Verwenden des Signalanalysators, um die
Verteilung von Reflexionen oder Streuungspunkten
in einem Tiefenbereich innerhalb des Zielobjekts zu
bestimmen, worin das zweite Leseelement ein Sig-
nal an einen zweiten Signalanalysator übergibt, wo-
bei das Verfahren ferner umfasst: Bereitstellen eines
Profils der Reflektivität gegenüber dem optischen
Gangunterschied für das Zielobjekt, das beide Vor-
zeichen der optischen Gangunterschiedswerte ab-
deckt, und zwar auf der Grundlage von Signalen, die
vom Signalanalysator und vom zweiten Signalana-
lysator ausgegeben werden.

62. Spektralinterferometrieverfahren nach Anspruch 61,
ferner umfassend: Anordnen des Signalanalysators
und des zweiten Signalanalysators auf solche Wei-
se, dass insgesamt nur zwei Hauptsignalspitzen in
der akkumulierten Signalausgabe des Signalanaly-
sators und des zweiten Signalanalysators erhalten
bleiben, und Bestimmen der Dicke des Objekts auf
der Grundlage der Differenz zwischen der Maximal-
und der Minimalfrequenz der beiden Signalspitzen,
die am Ausgang eines des Signalanalysators und
des zweiten Signalanalysators auftreten, wenn kein
anderes Signal einen Schwellwert am Ausgang des
anderen des Signalanalysators und des zweiten Si-
gnalanalysators überschreitet.

63. Spektralinterferometrieverfahren nach Anspruch 61,
ferner umfassend: Anordnen des Signalanalysators
und des zweiten Signalanalysators auf solche Wei-
se, dass insgesamt nur zwei Hauptsignalspitzen in
der akkumulierten Signalausgabe des Signalanaly-
sators und des zweiten Signalanalysators erhalten

bleiben, und Bestimmen der Dicke des Objekts auf
der Grundlage der Summe der Extremfrequenzen
des Signalanalysators und des zweiten Signalana-
lysators, wenn das Signal nur einmal einen Schwell-
wert am Ausgang jedes des Signalanalysators und
des zweiten Signalanalysators überschreitet.

64. Spektralinterferometrieverfahren nach Anspruch 62
oder 63, ferner umfassend: Verwenden einer
Schwellwertschaltung, die am Ausgang jedes des
Signalanalysators und des zweiten Signalanalysa-
tors angebracht ist, um unwesentliche Spitzen, die
Rauschen darstellen, und Spitzen vom Zielobjekt mit
kleineren Amplituden zu verwerfen, und zwar auf sol-
che Weise, dass insgesamt nur zwei Spitzen in der
akkumulierten Signalausgabe des Signalanalysa-
tors und des zweiten Signalanalysators erhalten
bleiben.

Revendications

1. Appareil d’interférométrie spectrale (100), compre-
nant un interféromètre conçu pour être excité par
une source optique, l’appareil comprenant :

une optique d’objet agencée pour transférer un
faisceau en provenance de la source optique,
et vers un objet cible afin de produire un faisceau
d’objet en provenance de l’objet cible ;
une optique de référence agencée pour produire
un faisceau de référence ;
un moyen de déplacement agencé pour dépla-
cer latéralement au moins un faisceau parmi le
faisceau d’objet et le faisceau de référence afin
de produire un faisceau d’objet déplacé de ma-
nière relative et un faisceau de référence dépla-
cé de manière relative ;
dans lequel il existe une différence de trajet op-
tique entre le faisceau d’objet déplacé de ma-
nière relative et le faisceau de référence déplacé
de manière relative générés dans
l’interféromètre ; et
un moyen de dispersion de spectre optique (7)
agencé pour recevoir le faisceau d’objet déplacé
de manière relative et le faisceau de référence
déplacé de manière relative sur des parties au
moins partiellement différentes du moyen de
dispersion de spectre optique en raison du dé-
placement latéral des deux faisceaux déplacés
de manière relative provoqué par le moyen de
déplacement, et agencé pour disperser le con-
tenu spectral des deux faisceaux déplacés sur
un élément de lecture (9) ;
dans lequel, en cours d’utilisation, la combinai-
son du moyen de déplacement et du moyen de
dispersion de spectre optique (7) est agencée
afin de créer un retard optique intrinsèque entre
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les trains d’onde du faisceau d’objet déplacé de
manière relative et du faisceau de référence dé-
placé de manière relative, ce qui peut être utilisé
avec la différence de trajet optique dans l’inter-
féromètre pour générer un spectre cannelé pour
la différence de trajet optique dans l’interféro-
mètre sur l’élément de lecture (9) ; et
dans lequel le moyen de déplacement est conçu
pour déplacer de manière relative le faisceau
d’objet et le faisceau de référence afin de pro-
duire le faisceau d’objet déplacé de manière re-
lative et le faisceau de référence déplacé de ma-
nière relative en utilisant une parmi, ou une com-
binaison de, une réflexion, une déviation, ou une
réfraction d’au moins un faisceau parmi le fais-
ceau d’objet et le faisceau de référence.

2. Appareil d’interférométrie spectrale selon la reven-
dication 1, dans lequel le moyen de déplacement
comprend au moins deux éléments réfléchissants
(51, 52), un parmi lesdits au moins deux éléments
réfléchissants (51) étant agencé pour réfléchir le
faisceau d’objet et un autre parmi lesdits au moins
deux éléments réfléchissants (52) étant agencé pour
réfléchir le faisceau de référence.

3. Appareil d’interférométrie spectrale selon la reven-
dication 1, dans lequel le moyen de déplacement
comprend au moins un modulateur acousto-optique.

4. Appareil d’interférométrie spectrale (100), compre-
nant un interféromètre conçu pour être excité par
une source optique, l’appareil comprenant :

une optique d’objet agencée pour transférer un
faisceau en provenance de la source optique,
et vers un objet cible afin de produire un faisceau
d’objet en provenance de l’objet cible ;
une optique de référence agencée pour produire
un faisceau de référence ;
un moyen de déplacement agencé pour dépla-
cer latéralement au moins un faisceau parmi le
faisceau d’objet et le faisceau de référence afin
de produire un faisceau d’objet déplacé de ma-
nière relative et un faisceau de référence dépla-
cé de manière relative ;
dans lequel il existe une différence de trajet op-
tique entre le faisceau d’objet déplacé de ma-
nière relative et le faisceau de référence déplacé
de manière relative générés dans
l’interféromètre ; et
un moyen de dispersion de spectre optique (7)
agencé pour recevoir le faisceau d’objet déplacé
de manière relative et le faisceau de référence
déplacé de manière relative sur des parties au
moins partiellement différentes du moyen de
dispersion de spectre optique en raison du dé-
placement latéral des deux faisceaux déplacés

de manière relative, et agencé pour disperser le
contenu spectral des deux faisceaux déplacés
sur un élément de lecture (9) ;
dans lequel, en cours d’utilisation, la combinai-
son du moyen de déplacement et du moyen de
dispersion de spectre optique (7) est agencée
afin de créer un retard optique intrinsèque entre
les trains d’onde du faisceau d’objet déplacé de
manière relative et du faisceau de référence dé-
placé de manière relative, ce qui peut être utilisé
avec la différence de trajet optique dans l’inter-
féromètre pour générer un spectre cannelé pour
la différence de trajet optique dans l’interféro-
mètre sur l’élément de lecture (9) ; et
dans lequel une optique parmi l’optique d’objet
ou l’optique de référence comprend une fibre
optique comprenant une extrémité de fibre
agencée pour émettre un faisceau respectif par-
mi le faisceau d’objet ou le faisceau de référen-
ce, et le moyen de déplacement est agencé pour
produire le faisceau d’objet déplacé de manière
relative et le faisceau de référence déplacé de
manière relative grâce à un mouvement de l’ex-
trémité de fibre.

5. Appareil d’interférométrie spectrale selon la reven-
dication 4, dans lequel le moyen de déplacement est
en outre agencé pour produire le faisceau d’objet
déplacé de manière relative et le faisceau de réfé-
rence déplacé de manière relative grâce une com-
binaison du déplacement de l’extrémité de fibre et
d’une quelconque parmi, ou d’une combinaison de,
une réflexion, une déviation, et une réfraction.

6. Appareil d’interférométrie spectrale selon la reven-
dication 4, dans lequel l’optique d’objet comprend
une fibre optique d’objet comprenant une extrémité
de fibre d’objet agencée pour émettre le faisceau
d’objet et l’optique de référence comprend une fibre
optique de référence comprenant une extrémité de
fibre de référence agencée pour émettre le faisceau
de référence et le moyen de déplacement est agencé
pour déplacer les positions relatives de l’extrémité
de fibre d’objet et de l’extrémité de fibre de référence
afin de produire le faisceau d’objet déplacé de ma-
nière relative et le faisceau de référence déplacé de
manière relative.

7. Appareil d’interférométrie spectrale selon la reven-
dication 6, dans lequel le moyen de déplacement est
en outre agencé pour produire le faisceau d’objet
déplacé de manière relative et le faisceau de réfé-
rence déplacé de manière relative grâce à une com-
binaison d’un déplacement des positions relatives
de l’extrémité de fibre d’objet et de l’extrémité de
fibre de référence et d’une quelconque parmi, ou une
combinaison de, une réflexion, une déviation, et une
réfraction.
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8. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, dans le-
quel le moyen de déplacement est conçu pour mo-
difier le(s) diamètre(s) d’au moins un faisceau parmi
le faisceau d’objet et le faisceau de référence.

9. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, compre-
nant en outre un moyen agencé pour commander la
différence de trajet optique dans l’interféromètre.

10. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, compre-
nant en outre un moyen agencé pour commander le
retard optique intrinsèque entre le faisceau d’objet
déplacé de manière relative et le faisceau de réfé-
rence déplacé de manière relative.

11. Appareil d’interférométrie spectrale selon la reven-
dication 10, dans lequel le moyen agencé pour com-
mander la différence de trajet optique et le retard
optique intrinsèque comprend un moyen de traite-
ment.

12. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, dans le-
quel l’élément de lecture (9) est agencé pour fournir
un signal vers un analyseur de signal (91), l’analy-
seur de signal (91) étant agencé pour déterminer la
distribution de réflexions ou de points de diffusion
dans une plage de profondeur au sein de l’objet cible.

13. Appareil d’interférométrie spectrale selon la reven-
dication 12, dans lequel l’appareil est agencé pour
ajuster la plage de profondeur grâce à un ajustement
du diamètre d’au moins un faisceau parmi le faisceau
d’objet déplacé de manière relative et le faisceau de
référence déplacé de manière relative.

14. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, compre-
nant en outre un moyen permettant de faire corres-
pondre la polarisation du faisceau d’objet déplacé
de manière relative et du faisceau de référence dé-
placé de manière relative à celle du moyen de dis-
persion de spectre optique (7).

15. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, compre-
nant en outre un moyen permettant de compenser
une dispersion dans l’interféromètre.

16. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, dans le-
quel le moyen de déplacement est conçu pour orien-
ter de manière relative le faisceau d’objet déplacé
de manière relative et le faisceau de référence dé-
placé de manière relative dans un plan de déplace-

ment.

17. Appareil d’interférométrie spectrale selon la reven-
dication 16, dans lequel le moyen de déplacement
est conçu pour permettre un ajustement du faisceau
d’objet déplacé de manière relative et du faisceau
de référence déplacé de manière relative jusqu’à ce
qu’ils deviennent parallèles dans le plan de dépla-
cement.

18. Appareil d’interférométrie spectrale selon la reven-
dication 16 ou 17, dans lequel le moyen de dépla-
cement est agencé pour permettre une superposi-
tion latérale ajustable des deux faisceaux déplacés
de manière relative dans le plan de déplacement sur
le moyen de dispersion de spectre optique (7) afin
d’améliorer la force du signal pour de petites valeurs
de différence de trajet optique, la superposition la-
térale allant d’une superposition partielle à un che-
vauchement total.

19. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, dans le-
quel le moyen de déplacement est conçu pour orien-
ter de manière relative le faisceau d’objet déplacé
de manière relative et le faisceau de référence dé-
placé de manière relative de manière à ce qu’ils frap-
pent différentes parties du moyen de dispersion de
spectre optique (7).

20. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, dans le-
quel le moyen de dispersion de spectre optique (7)
comprend un quelconque parmi, ou une combinai-
son de : un réseau de diffraction, un prisme ; un grou-
pe de prismes ; un groupe de réseaux de diffraction.

21. Appareil d’interférométrie spectrale selon la reven-
dication 20, dans lequel le moyen de dispersion de
spectre optique (7) comprend un réseau de diffrac-
tion, les lignes de réseau du réseau de diffraction
étant perpendiculaires à une ligne reliant le centre
du faisceau de référence déplacé de manière rela-
tive et le centre du faisceau d’objet déplacé de ma-
nière relative.

22. Appareil d’interférométrie spectrale selon la reven-
dication 20, dans lequel le moyen de dispersion de
spectre optique (7) comprend un prisme comprenant
une surface d’entrée, dans lequel une ligne qui relie
le centre du faisceau de référence déplacé de ma-
nière relative et le centre du faisceau d’objet déplacé
se trouve dans le plan défini par la normale à la sur-
face d’entrée dudit prisme et sa bissectrice.

23. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, dans le-
quel l’optique de référence comprend au moins un
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réflecteur agencé pour fournir une source lumineuse
de référence par réflexion d’un faisceau de la source
optique, dans lequel la position ou l’inclinaison du
réflecteur peut être ajustée afin de commander la
différence de trajet optique du faisceau d’objet dé-
placé de manière relative et du faisceau de référence
déplacé de manière relative.

24. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, dans le-
quel l’optique de référence est agencée pour trans-
férer un faisceau optique en provenance de la source
optique vers le moyen de déplacement par l’inter-
médiaire de fibres optiques ou par l’intermédiaire de
réflecteurs agencés pour empêcher que la lumière
soit renvoyée vers la source optique.

25. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, dans le-
quel l’optique d’objet comprend un premier élément
à focale variable agencé pour modifier le diamètre
du faisceau d’objet.

26. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, compre-
nant en outre un troisième élément à focale variable
agencé pour modifier le diamètre du faisceau d’objet
déplacé de manière relative.

27. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, dans le-
quel l’optique de référence comprend un deuxième
élément à focale variable agencé pour modifier le
diamètre du faisceau de référence.

28. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, compre-
nant en outre un quatrième élément à focale variable
agencé pour modifier le diamètre du faisceau de ré-
férence déplacé de manière relative.

29. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, dans le-
quel le moyen de déplacement est agencé pour créer
un espace ajustable entre les deux faisceaux dépla-
cés de manière relative afin d’ajuster la valeur mini-
mum de différence de trajet optique pour laquelle
une modulation du spectre optique peut être captée
au niveau de l’élément de lecture.

30. Appareil d’interférométrie spectrale selon la reven-
dication 29, dans lequel une interférence entre les
deux faisceaux déplacés de manière relative dans
l’interféromètre a lieu entièrement sur ledit élément
de lecture (9).

31. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, dans le-

quel une interférence entre les deux faisceaux dé-
placés de manière relative est agencée de manière
à avoir lieu partiellement sur ledit élément de lecture
(9) et partiellement sur ledit moyen de dispersion de
spectre optique (7).

32. Appareil d’interférométrie spectrale selon la reven-
dication 31, dans lequel le moyen de déplacement
est agencé pour ajuster la quantité de superposition
latérale desdits faisceaux déplacés afin d’améliorer
la force du signal pour de petites valeurs de diffé-
rence de trajet optique.

33. Appareil d’interférométrie spectrale selon la reven-
dication 29 ou 30, si dépendante de la revendication
11, dans lequel le moyen de traitement est agencé
pour commander le moyen de déplacement afin
d’ajuster l’espace entre le faisceau d’objet déplacé
de manière relative et le faisceau de référence dé-
placé de manière relative afin de modifier la valeur
minimum de différence de trajet optique pour laquel-
le une modulation du spectre optique peut être cap-
tée au niveau de l’élément de lecture (9).

34. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, dans le-
quel l’optique d’objet comprend en outre un élément
de balayage, l’élément de balayage étant agencé
pour balayer l’objet cible.

35. Appareil d’interférométrie spectrale selon la reven-
dication 34, dans lequel l’élément de balayage est
agencé pour mettre en oeuvre une combinaison
quelconque parmi : un balayage linéaire ; un balaya-
ge matriciel ; un balayage hélicoïdal ; un balayage
circulaire ; ou un quelconque autre balayage de for-
me aléatoire.

36. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, compre-
nant en outre des éléments de focalisation dans l’op-
tique d’objet afin d’améliorer la force de signal en
provenance d’une profondeur particulière au sein de
l’objet.

37. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, dans le-
quel l’interféromètre comprend un interféromètre fi-
bré ou à optique classique ou un interféromètre hy-
bride constitué de composants fibré et à optique
classique.

38. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, dans le-
quel ladite source optique est une source à faible
cohérence.

39. Appareil d’interférométrie spectrale selon l’une quel-
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conque des revendications précédentes, dans le-
quel ledit élément de lecture comprend : un réseau
de photodétecteurs ; un réseau linéaire CCD ; un
réseau bidimensionnel de photodétecteurs ; un ré-
seau bidimensionnel CCD ; ou un photodétecteur
ponctuel avec lequel est balayé le spectre dispersé.

40. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, compre-
nant en outre :

un moyen de séparation de faisceau agencé
pour recevoir le faisceau d’objet et le faisceau
de référence et pour produire un deuxième fais-
ceau d’objet et un deuxième faisceau de
référence ;
un deuxième moyen de déplacement agencé
pour déplacer au moins un faisceau parmi le
deuxième faisceau d’objet et le deuxième fais-
ceau de référence afin de produire un deuxième
faisceau d’objet déplacé de manière relative et
un deuxième faisceau de référence déplacé de
manière relative,
un deuxième moyen de dispersion de spectre
optique agencé pour recevoir le deuxième fais-
ceau d’objet déplacé de manière relative et le
deuxième faisceau de référence déplacé de ma-
nière relative sur différentes parties du deuxiè-
me moyen de dispersion de spectre optique en
raison du déplacement latéral du deuxième fais-
ceau d’objet déplacé de manière relative et du
deuxième faisceau de référence déplacé de ma-
nière relative provoqué par le deuxième moyen
de déplacement, et agencé pour disperser le
contenu spectral des deux deuxièmes faisceaux
déplacés sur un deuxième élément de lecture ;
dans lequel, en cours d’utilisation, la combinai-
son du deuxième moyen de déplacement et du
deuxième moyen de dispersion de spectre op-
tique est agencée pour créer un deuxième retard
optique intrinsèque entre les trains d’onde du
deuxième faisceau d’objet déplacé de manière
relative et du deuxième faisceau de référence
déplacé de manière relative, ce qui peut être
utilisé avec la différence de trajet optique dans
l’interféromètre pour générer un spectre can-
nelé pour la différence de trajet optique dans
l’interféromètre sur le deuxième élément de lec-
ture.

41. Appareil d’interférométrie spectrale selon la reven-
dication 40, dans lequel le deuxième moyen de dé-
placement est conçu pour produire le deuxième fais-
ceau d’objet déplacé de manière relative et le
deuxième faisceau de référence déplacé de manière
relative en utilisant une parmi, ou une combinaison
de, une réflexion, une déviation et une réfraction d’au
moins un faisceau parmi le deuxième faisceau d’ob-

jet et le deuxième faisceau de référence.

42. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications 40 et 41, dans lequel le
moyen de dispersion de spectre optique (7) et le
deuxième moyen de dispersion optique sont orien-
tés de telle manière que, en combinaison avec leurs
faisceau d’objet déplacé de manière relative et fais-
ceau de référence déplacé de manière relative res-
pectifs, les faisceaux spectralement dispersés en
provenance du moyen de dispersion de spectre op-
tique (7) et du deuxième moyen de dispersion opti-
que présentent des retards intrinsèques de signe op-
posé.

43. Appareil d’interférométrie spectrale selon la reven-
dication 42, si dépendante de la revendication 12,
ou selon l’une quelconque des revendications dé-
pendantes de la revendication 12, dans lequel le
deuxième élément de lecture est agencé pour fournir
un signal vers un deuxième analyseur de signal, l’ap-
pareil étant agencé pour fournir un profil de réflecti-
vité par rapport à une différence de trajet optique
pour l’objet cible s’appliquant aux deux signes des
valeurs de différence de trajet optique sur la base
d’une sortie de signaux en provenance de l’analy-
seur de signal et du deuxième analyseur du signal.

44. Appareil d’interférométrie spectrale selon la reven-
dication 42, dans lequel le deuxième moyen de dis-
persion optique comprend un réseau ou des réseaux
de diffraction, le réseau ou les réseaux de diffraction
étant agencé(s) pour diffracter des ordres de signe
opposé vers ledit élément de lecture et ledit deuxiè-
me élément de lecture.

45. Appareil d’interférométrie spectrale selon la reven-
dication 42, dans lequel le moyen de dispersion op-
tique et le deuxième moyen de dispersion optique
comprennent respectivement un ou plusieurs pris-
mes, le ou les prismes étant agencé(s) de telle sorte
que le faisceau d’objet déplacé de manière relative
ou le faisceau de référence déplacé de manière re-
lative est plus proche du sommet de prisme dans le
moyen de dispersion optique et le deuxième fais-
ceau de référence déplacé de manière relative ou le
deuxième faisceau d’objet déplacé de manière rela-
tive, respectivement, est plus proche du sommet de
prisme dans le deuxième moyen de dispersion op-
tique.

46. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications 40 à 45, dans lequel une
sortie de signal de chacun parmi l’élément de lecture
(9) et le deuxième élément de lecture est envoyée
vers un convertisseur fréquence-amplitude séparé,
l’appareil étant agencé de telle sorte que la sortie
d’un convertisseur fréquence-amplitude est addi-
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tionnée à une sortie inversée de l’autre convertisseur
fréquence-amplitude afin de fournir une force de si-
gnal proportionnelle à la position axiale d’un objet
simple couche sans tenir compte du signe de la dif-
férence de trajet optique.

47. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, compre-
nant en outre :

un troisième moyen de séparation de faisceau
agencé entre le moyen de déplacement et le
moyen de dispersion de spectre optique, le
moyen de séparation de faisceau étant agencé
pour recevoir le faisceau d’objet déplacé de ma-
nière relative et le faisceau de référence déplacé
de manière relative afin de produire un troisième
faisceau d’objet déplacé de manière relative et
un troisième faisceau de référence déplacé de
manière relative ;
un troisième moyen de déplacement agencé
afin d’ajuster le déplacement relatif d’au moins
un parmi le troisième faisceau d’objet déplacé
de manière relative et le troisième faisceau de
référence déplacé de manière relative ;
un troisième moyen de dispersion de spectre
optique agencé afin de recevoir le troisième fais-
ceau d’objet déplacé de manière relative et le
troisième faisceau de référence déplacé de ma-
nière relative sur différentes parties du troisième
moyen de dispersion de spectre optique en rai-
son du déplacement latéral du troisième fais-
ceau d’objet déplacé de manière relative et du
troisième faisceau de référence déplacé de ma-
nière relative provoqué par le troisième moyen
de déplacement, et agencé pour disperser le
contenu spectral du troisième faisceau d’objet
déplacé de manière relative et du troisième fais-
ceau de référence déplacé de manière relative
sur un troisième élément de lecture ;
dans lequel, en cours d’utilisation, la combinai-
son du troisième moyen de déplacement et du
troisième moyen de dispersion de spectre opti-
que est agencée afin de créer un troisième re-
tard optique intrinsèque entre les trains d’onde
du troisième faisceau d’objet déplacé de maniè-
re relative et du troisième faisceau de référence
déplacé de manière relative, ce qui peut être
utilisé avec la différence de trajet optique dans
l’interféromètre pour générer un spectre can-
nelé pour la différence de trajet optique dans
l’interféromètre sur le troisième élément de lec-
ture.

48. Appareil d’interférométrie spectrale selon la reven-
dication 47, dans lequel le troisième moyen de dé-
placement est conçu pour ajuster le déplacement
relatif d’au moins un faisceau parmi le troisième fais-

ceau d’objet déplacé de manière relative et le troi-
sième faisceau de référence déplacé de manière re-
lative en utilisant une parmi, ou une combinaison de,
une réflexion, une déviation et une réfraction d’au
moins un faisceau parmi le troisième faisceau d’objet
déplacé de manière relative et le troisième faisceau
de référence déplacé de manière relative.

49. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, dans le-
quel la source est une source à faible cohérence
dont la sortie est envoyée avec une réplique retardée
au moyen d’un élément de duplication optique.

50. Appareil d’interférométrie spectrale selon la reven-
dication 49, dans lequel l’élément de duplication op-
tique comprend un premier coupleur monomode
dont les sorties sont raccordées à deux entrées d’un
deuxième coupleur monomode afin de créer la ré-
plique retardée de la source optique.

51. Appareil d’interférométrie spectrale selon la reven-
dication 49, si dépendante de la revendication 16,
dans lequel l’élément de duplication optique com-
prend un matériau optique transparent sous la forme
d’une plaque présentant des surfaces parallèles, qui
est introduite à mi-chemin dans le faisceau de la
source optique de telle manière que son bord est
parallèle audit plan de déplacement.

52. Appareil d’interférométrie spectrale selon l’une quel-
conque des revendications précédentes, dans le-
quel la source est une source à faible cohérence
comprenant un laser commandé en dessous d’un
seuil.

53. Procédé d’interférométrie spectrale, comprenant
une utilisation d’un interféromètre conçu pour être
excité par une source optique, ledit interféromètre
comprenant une optique d’objet et une optique de
référence, le procédé comprenant les étapes con-
sistant à :

utiliser l’optique d’objet pour transférer un fais-
ceau en provenance de la source optique vers
un objet cible afin de produire un faisceau d’objet
à partir de l’objet cible ;
utiliser une optique de référence pour produire
un faisceau de référence ;
utiliser un moyen de déplacement pour déplacer
latéralement au moins un faisceau parmi le fais-
ceau d’objet et le faisceau de référence afin de
produire un faisceau d’objet déplacé de manière
relative et un faisceau de référence déplacé de
manière relative ;
dans lequel il existe une différence de trajet op-
tique entre le faisceau d’objet déplacé de ma-
nière relative et le faisceau de référence déplacé
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de manière relative générés dans
l’interféromètre ; et
utiliser un moyen de dispersion de spectre op-
tique (7) pour recevoir le faisceau d’objet dépla-
cé de manière relative et le faisceau de référen-
ce déplacé de manière relative sur des parties
au moins partiellement différentes du moyen de
dispersion de spectre optique (7) en raison du
déplacement latéral des deux faisceaux dépla-
cés de manière relative provoqué par le moyen
de déplacement, et pour disperser sur un élé-
ment de lecture (9) le contenu spectral des deux
faisceaux déplacés ;
dans lequel la combinaison du moyen de dépla-
cement et du moyen de dispersion de spectre
optique (7) est agencée pour créer un retard op-
tique intrinsèque entre les trains d’onde du fais-
ceau d’objet déplacé de manière relative et du
faisceau de référence déplacé de manière rela-
tive, ce qui peut être utilisé avec la différence de
trajet optique dans l’interféromètre pour générer
un spectre cannelé pour la différence de trajet
optique dans l’interféromètre sur l’élément de
lecture (9) ; et
dans lequel le moyen de déplacement déplace
de manière relative le faisceau d’objet et le fais-
ceau de référence afin de produire le faisceau
d’objet déplacé de manière relative et le fais-
ceau de référence déplacé de manière relative
en utilisant une parmi, ou une combinaison de,
une réflexion, une déviation, ou une réfraction
d’au moins un faisceau parmi le faisceau d’objet
et le faisceau de référence.

54. Procédé d’interférométrie spectrale, comprenant
une utilisation d’un interféromètre conçu pour être
excité par une source optique, ledit interféromètre
comprenant une optique d’objet et une optique de
référence, le procédé comprenant les étapes con-
sistant à :

utiliser une optique d’objet pour transférer un
faisceau en provenance de la source optique
vers un objet cible afin de produire un faisceau
d’objet en provenance de l’objet cible ;
utiliser une optique de référence pour produire
un faisceau de référence ;
utiliser un moyen de déplacement pour déplacer
latéralement au moins un faisceau parmi le fais-
ceau d’objet et le faisceau de référence afin de
produire un faisceau d’objet déplacé de manière
relative et un faisceau de référence déplacé de
manière relative ;
dans lequel il existe une différence de trajet op-
tique entre le faisceau d’objet déplacé de ma-
nière relative et le faisceau de référence déplacé
de manière relative générés dans
l’interféromètre ; et

utiliser un moyen de dispersion de spectre op-
tique (7) agencé pour recevoir le faisceau d’objet
déplacé de manière relative et le faisceau de
référence déplacé de manière relative sur des
parties au moins partiellement différentes du
moyen de dispersion de spectre optique (7) en
raison du déplacement latéral des deux fais-
ceaux déplacés de manière relative provoqué
par le moyen de déplacement, et agencé pour
disperser le contenu spectral des deux fais-
ceaux déplacés sur un élément de lecture (9) ;
dans lequel, en cours d’utilisation, la combinai-
son du moyen de déplacement et du moyen de
dispersion de spectre optique (7) est agencée
pour créer un retard optique intrinsèque entre
les trains d’onde du faisceau d’objet déplacé de
manière relative et du faisceau de référence dé-
placé de manière relative, ce qui peut être utilisé
avec la différence de trajet optique dans l’inter-
féromètre pour générer un spectre cannelé pour
la différence de trajet optique dans l’interféro-
mètre sur l’élément de lecture (9) ; et
dans lequel une optique parmi l’optique d’objet
et l’optique de référence comprend une fibre op-
tique comprenant une extrémité de fibre agen-
cée pour émettre un faisceau respectif parmi le
faisceau d’objet et le faisceau de référence, et
le moyen de déplacement produit le faisceau
d’objet déplacé de manière relative et le fais-
ceau de référence déplacé de manière relative
grâce à un mouvement de l’extrémité de fibre.

55. Procédé d’interférométrie spectrale selon la reven-
dication 54, comprenant en outre une étape consis-
tant à utiliser le moyen de déplacement afin de pro-
duire le faisceau d’objet déplacé de manière relative
et le faisceau de référence déplacé de manière re-
lative grâce à une combinaison d’un mouvement de
l’extrémité de fibre et d’une quelconque parmi, ou
d’une combinaison de, une réflexion, une déviation,
et une réfraction.

56. Procédé d’interférométrie spectrale selon la reven-
dication 54, dans lequel l’optique d’objet comprend
une fibre optique d’objet comprenant une extrémité
de fibre d’objet agencée pour émettre le faisceau
d’objet et l’optique de référence comprend une fibre
optique de référence comprenant une extrémité de
fibre de référence agencée pour émettre le faisceau
de référence et le moyen de déplacement déplace
les positions relatives de l’extrémité de fibre d’objet
et de l’extrémité de fibre de référence afin de produire
le faisceau d’objet déplacé de manière relative et le
faisceau de référence déplacé de manière relative.

57. Procédé d’interférométrie spectrale selon la reven-
dication 55, comprenant en outre une étape consis-
tant à utiliser le moyen de déplacement pour produire
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le faisceau d’objet déplacé de manière relative et le
faisceau de référence déplacé de manière relative
grâce à une combinaison d’un mouvement des po-
sitions relatives de l’extrémité de fibre d’objet et de
l’extrémité de fibre de référence et une quelconque
parmi, ou une combinaison de, une réflexion, une
déviation, et une réfraction.

58. Procédé d’interférométrie spectrale selon l’une quel-
conque des revendications 53 à 57, comprenant en
outre les étapes consistant à :

utiliser un moyen de séparation de faisceau pour
recevoir le faisceau d’objet et le faisceau de ré-
férence et pour produire un deuxième faisceau
d’objet et un deuxième faisceau de référence ;
utiliser un deuxième moyen de déplacement
agencé pour déplacer au moins un faisceau par-
mi le deuxième faisceau d’objet et le deuxième
faisceau de référence afin de produire un
deuxième faisceau d’objet déplacé de manière
relative et un deuxième faisceau de référence
déplacé de manière relative,
utiliser un deuxième moyen de dispersion de
spectre optique agencé pour recevoir le deuxiè-
me faisceau d’objet déplacé de manière relative
et le deuxième faisceau de référence déplacé
de manière relative sur différentes parties du
deuxième moyen de dispersion de spectre op-
tique en raison du déplacement latéral du
deuxième faisceau d’objet déplacé de manière
relative et du deuxième faisceau de référence
déplacé de manière relative provoqué par le
deuxième moyen de déplacement, et agencé
pour disperser sur un deuxième élément de lec-
ture (9) le contenu spectral des deux deuxièmes
faisceaux déplacés ;
dans lequel, en cours d’utilisation, la combinai-
son du deuxième moyen de déplacement et du
deuxième moyen de dispersion de spectre op-
tique crée un deuxième retard optique intrinsè-
que entre les trains d’onde du deuxième fais-
ceau d’objet déplacé de manière relative et du
deuxième faisceau de référence déplacé de ma-
nière relative, ce qui peut être utilisé avec la dif-
férence de trajet optique dans l’interféromètre
pour générer un spectre cannelé pour la diffé-
rence de trajet optique dans l’interféromètre sur
le deuxième élément de lecture.

59. Procédé d’interférométrie spectrale selon la reven-
dication 58, dans lequel le deuxième moyen de dé-
placement produit le deuxième faisceau d’objet dé-
placé de manière relative et le deuxième faisceau
de référence déplacé de manière relative grâce à
une utilisation d’une parmi, ou d’une combinaison
de, une réflexion, une déviation et une réfraction d’au
moins un faisceau parmi le deuxième faisceau d’ob-

jet et le deuxième faisceau de référence.

60. Procédé d’interférométrie spectrale selon la reven-
dication 58 ou 59, comprenant en outre une étape
consistant à orienter le moyen de dispersion de
spectre optique et le deuxième moyen de dispersion
optique de telle manière que, en combinaison avec
leurs faisceau d’objet déplacé de manière relative et
faisceau de référence déplacé de manière relative
respectifs, les faisceaux spectralement dispersés en
provenance du moyen de dispersion de spectre op-
tique et du deuxième moyen de dispersion de spec-
tre optique présentent des retards intrinsèques de
signe opposé.

61. Procédé d’interférométrie spectrale selon la reven-
dication 60, comprenant en outre les étapes consis-
tant à utiliser l’élément de lecture pour fournir un si-
gnal vers un analyseur de signal, et utiliser l’analy-
seur de signal pour déterminer la distribution de ré-
flexions ou de points de diffusion dans une plage de
profondeur au sein de l’objet cible, dans lequel le
deuxième élément de lecture fournit un signal vers
un deuxième analyseur de signal, le procédé com-
prenant en outre une étape consistant à fournir un
profil de réflectivité par rapport à une différence de
trajet optique pour l’objet cible s’appliquant aux deux
signes des valeurs de différence de trajet optique
sur la base d’une sortie de signaux en provenance
de l’analyseur de signal et du deuxième analyseur
de signal.

62. Procédé d’interférométrie spectrale selon la reven-
dication 61, comprenant en outre les étapes consis-
tant à agencer l’analyseur de signal et le deuxième
analyseur de signal de telle manière que, au total,
seuls deux pics principaux sont retenus dans la sor-
tie de signal cumulée de l’analyseur de signal et du
deuxième analyseur de signal, et déterminer l’épais-
seur de l’objet sur la base de la différence entre la
fréquence maximum et la fréquence minimum des
deux pics survenant au niveau de la sortie d’un ana-
lyseur parmi l’analyseur de signal et le deuxième
analyseur de signal lorsque aucun autre signal ne
dépasse un seuil au niveau de la sortie de l’autre
analyseur parmi l’analyseur de signal et le deuxième
analyseur de signal.

63. Procédé d’interférométrie spectrale selon la reven-
dication 61, comprenant en outre les étapes consis-
tant à agencer l’analyseur de signal et le deuxième
analyseur de signal de telle manière que, au total,
seuls deux pics principaux sont retenus dans la sor-
tie de signal cumulée de l’analyseur de signal et du
deuxième analyseur de signal, et déterminer l’épais-
seur de l’objet sur la base de la somme des fréquen-
ces extrêmes de l’analyseur de signal et du deuxiè-
me analyseur de signal lorsque le signal dépasse un
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seuil une fois seulement dans la sortie de chaque
analyseur parmi l’analyseur de signal et le deuxième
analyseur de signal.

64. Procédé d’interférométrie spectrale selon la reven-
dication 62 ou 63, comprenant en outre l’étape con-
sistant à utiliser un circuit de seuillage monté au ni-
veau de la sortie de chaque analyseur parmi l’ana-
lyseur de signal et le deuxième analyseur de signal
afin de rejeter des pics non essentiels qui représen-
tent du bruit et des pics de plus faible amplitude en
provenance de l’objet cible de telle manière que, au
total, seuls deux pics principaux sont retenus dans
la sortie de signal cumulée de l’analyseur de signal
et du deuxième analyseur de signal.
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摘要(译)

提供光谱干涉测量装置和方法以提供反射率与光学路径差的明确轮廓
（A-没有镜像项的扫描）并且在正和负光程差之间产生差异或者在选定
的光程差的间隔中提供输出。 。该装置包括物体光学器件，其将光束从
光源传输到目标物体（55）以产生物体光束和产生参考光束的参考光学
器件。提供位移装置（57）以在物光束（41&#39;）和参考光束
（42&#39;）之间产生间隙（g）。诸如光栅或棱镜的光谱色散装置
（7）接收两个相对位移的光束，并将它们的光谱内容分散到诸如CCD的
读取元件上。位移装置和光谱分散装置的组合在物光束的波列和参考光
束之间产生固有的光学延迟，其可以与干涉仪中的光程差一起使用，以
产生用于光程差的通道光谱。在读取元件上的干涉仪中。
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