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Description

Field of the Invention

[0001] Thisinvention relates to a probe for usein spec-
troscopy, for example Raman or fluorescence spectros-
copy. It also relates to a method of manufacturing a com-
ponent of such a probe.

Description of Prior Art

[0002] Probes for spectroscopic use are known from,
for example, US Patents Nos. 5,112,127 (Carrabba et
al) and 5,377,004 (Owen et al).

[0003] The probesshown inthose patents are supplied
with laser light via an optical fibre, and the laser light is
focused by a lens onto a sample. Resulting scattered
light, e.g. Raman scattered light or fluorescence at dif-
ferent wavelengths from the laser, is collected by the lens
and fed to a second optical fibre, which takes it to a spec-
troscopic device for analysis. In the Carrabba patent, the
scattered light is folded out of the path of the illuminating
laser beam within the probe by a beamsplitter. The Owen
patent describes an inverse arrangement, in which the
scattered light passes in a straight line through the beam-
splitter. The beamsplitter acts to fold the illuminating laser
light into this beam path, towards the sample.

[0004] In both the Carrabba and Owen patents, the
beamsplitter is a dichroic filter. This has several advan-
tages. Firstly, a dichroic filter reflects and transmits the
various wavelengths more efficiently than a conventional
beamsplitter. Secondly, it rejects Raman scattering or
fluorescence caused by the interaction of the intense la-
ser light with the glass of the optical fibre which delivers
the laser light, passing only a monochromaticlaser wave-
length to the sample. Thirdly, it removes much of the
laser wavelength which is back-scattered by the sample
along with the desired Raman or other scattered wave-
lengths. Thus, the desired scattered wavelengths do not
become confused in the return optical fibre with Raman
scattering or fluorescence induced in the optical fibre by
the laser wavelength, which as received from the sample
is many times more intense than the desired signals. It
also makes it easier to separate the desired wavelengths
from the laser wavelength in the spectroscopic appara-
tus.

[0005] In some applications, it would be desirable to
miniaturise such a probe. One example is where the
probe is to be incorporated in an endoscope for medical
examinations, where a maximum diameter of 2mm or
less may be desirable. The probes described in the Car-
rabba and Owen patents comprise numerous discrete
components which must be assembled and aligned,
making it impossible to achieve such miniaturisation.
[0006] DE 3546082 describes an optical wavelength
multiplixer for telecommunications, including a filter ele-
ment with opposed faces or which wavelength-selective
filters are applied.
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[0007] EP 0359 658 describes an optical product with
more than one transparent parallel plates and more than
one thin layer having a desired optical function, the par-
allel plates and thin layers being alternately laminated.

Summary of the Invention

[0008] The presentinvention, at least in preferred em-
bodiments, seeks to provide a probe having fewer dis-
crete components.

[0009] One aspect of the present invention provides
an endoscope or boroscope according to claim 1.
[0010] In a second aspect, the present invention pro-
vides a method of making an endoscope or boroscope
according to claim 4.

[0011] The other angled face of the component (op-
posing the angled face with the dichroic coating) may be
coated with a reflecting material, e.g. aluminium. Like-
wise, in the method according to the invention, the face
of the sheet of transparent material which opposes the
face with the dichroic coating may be coated with a re-
flecting material such as aluminium.

Brief Description of the Drawings

[0012] Preferredembodiments ofthe presentinvention
will now be described by way of example, with reference
to the accompanying drawings, wherein:

Fig 1 is a side view of a spectroscopic probe,

Fig 2 is an isometric view of part of a sheet of trans-
parent material for use in a method of manufacturing
a component of the probe,

Fig 3 shows a portion cut from the sheet of Fig 2, and
Fig 4 shows a component of a spectroscopic probe
cut from the portion of Fig 3.

Description of Preferred Embodiments

[0013] Fig 1 shows an embodiment of the present in-
vention in which the component 10 is a monolithic sub-
stantially cuboid-shaped block of transparent material.
An angled face 12A of the block 10 is coated with dielec-
tric layers forming a notch or edge dichroic filter. An op-
posing angled face 12B is coated with a reflective layer,
for example of aluminium. It could instead have the same
coating as the face 12A.

[0014] A graded index (GRIN) lens 20 couples an in-
coming laser beam 30 from an input optical fibre 31 into
the block 10. The laser beam 30 contains not only the
laser wavelength but also scattered light (including Ra-
man scattered light) from the passage of the beam
through the optical fibre. It is reflected by the reflective
coating 12B towards the face 12A.

[0015] The beam is then reflected by the dichroic filter
layer on the face 12A. In the case of a notch filter, this
acts to monochromate the beam by reflecting the laser
wavelength and transmitting all other wavelengths. In the
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case of an edge filter, it removes scattered light on the
Stokes side of the laser line.

[0016] If desired, one end of the GRIN lens 20 may be
coated with dielectric layers forming a band pass filter,
to monochromate the beam further.

[0017] The resulting monochromatic beam 32 is then
passed to a sampling port, comprising a GRIN lens 22
which focuses the light on the sample to be analysed.
Back-scattered light is collected by the lens 22 and pass-
es back to the dichroic surface 12A. Where the lens 22
is acommercially available GRIN type, which is arranged
such that its focal plane coincides with its end surface,
the end surface may be cut or polished back. This alters
the focal plane so that the light can be focused on the
surface of the sample, or on sub-surface features of the
sample.

[0018] The dichroic surface 12A reflects scattered light
of the exciting laser wavelength collected by the lens 22,
but transmits the desired Raman or fluorescent scattered
light 34 into a GRIN lens 24. The lens 24 couples the
scattered light 34 into a second, output optical fibre 33,
which takes it to a remote spectroscopic apparatus for
analysis.

[0019] The faces 12A,12B are preferably parallel to
each other and the face 12A, in particular, is preferably
angled at a low angle of incidence to the beams, such
as 10°. This gives good performance with polarised light,
and efficient separation of the laser wavelength from the
desired Raman or fluorescent scattered light. However,
other angles such as 45° are possible.

[0020] The arrangement of Fig 1 reflects the incoming
illuminating light at the filter face 12A, to fold it into the
same optical path as the scattered light from the sample
to the output fibre 33. Whilst that is the preferred arrange-
ment, an inverse arrangement is also possible. In the
inverse arrangement, the illuminating light is delivered
via the fibre 33 and lens 24 and passes through the filter
face 12A to the sample. The scattered Raman or fluo-
rescent light is folded out of this optical path by reflection
at the filter face 12A. The filter 12A needs to have the
appropriate bandpass or edge transmission characteris-
tic.

[0021] Fig 2 shows a part 38 of a sheet of transparent
material for use in manufacturing the probe component
10. The lower face 39A is coated with the dielectric layers
forming the dichroic filter and the upper face 39B is coat-
ed with the reflective layer.

[0022] Brokenlines 40 and 41 represent the directions
along which the sheet 38 is cut using a diamond saw.
The lines 41 do not run normal to the plane of the sheet
butratheratanangle (e.g. 10°) as indicated by the broken
lines 42.

[0023] Fig 3 illustrates (side-on) one of a plurality of
portions 45 of the transparent sheet 38 after cutting along
the lines 40.

[0024] Fig 4 shows the finished block 10 as in Fig 1.
The portions 45 are cut along the lines 41,42 to produce
a plurality of individual blocks. Prism-shaped sections
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50A and 50B are then removed from the blocks, e.g. by
polishing, such that the polished faces are perpendicular
to the long edges 11A and 11B of the block. This partially
removes the coatings 39A,39B, so that they remain only
on the faces 12A,12B as required.

[0025] The GRIN lenses 20,22,24 are then bonded to
the block 10, e.g. with a cement of suitable optical quality.
[0026] As described above, blocks 10 have been pro-
duced by cutting the sheet 38 first along the lines 40,
then along the lines 41,42. Of course, it is possible in-
stead to cut first along the lines 41,42 and then along the
lines 40.

[0027] Usingthe above method, we have successfully
produced spectroscopic probes with diameters of 2mm
and less, suitable for use in an endoscope.

[0028] The use of GRIN lenses 20,22,24 is not essen-
tial. Conventional lenses (or compound groups of lenses)
may be substituted.

[0029] One advantage of the probe described is that it
can act confocally. The aperture of the fibre 33 acts in a
similar manner to a confocal pinhole, so that only light
from one focal plane of the sample is accepted and light
from other planes is rejected. This gives depth selectivity.
[0030] A further possibility is to bundle a plurality of
probes according to Fig 1together, in a single endoscopic
instrument. This may be arranged to produce a two-di-
mensional image of the sample, which may be confocal.
Or each probe may point in a different direction, e.g. in
ahemi-spherical arrangement, to give a view over awider
area.

[0031] The miniature probes described may be used
in numerous applications where conventional spectro-
scopic probes would be too large. In addition to endo-
scopes for in vivo medical and veterinary examinations,
they can for example be used in boroscopes for exami-
nations within working machinery and engines.

Claims

1. An endoscope for in vivo medical and veterinary ex-
aminations or a boroscope for examinations within
working machinery and engines, comprising a spec-
troscopic probe for illuminating a sample with illumi-
nating light and for collecting light scattered by the
sample at differentwavelengths from the illuminating
light for spectroscopic analysis of the sample, com-
prising:

an input optical fibre (31) for the illuminating
light;

an output optical fibre (33) for taking the collect-
ed scattered light to a spectroscopic device for
analysis;

an optical inputlens (20) arranged to receive the
illuminating light from the input optical fibre;

an optical output lens (24) arranged to output
scattered light to the output optical fibre;
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a sampling lens (22), arranged to illuminate the
sample with the illuminating light and to collect
light scattered by the sample; there being an op-
tical path for the illuminating light between the
input lens and the sampling lens and an optical
path for the scattered light between the sampling
lens and the output lens;

a dichroic filter located in said optical paths ei-
ther to fold the illuminating light into the path of
the scattered light, or to fold the scattered light
out of the path of the illuminating light;
characterised by a monolithic block (10) of
transparent material coupled to the input lens,
output lens and sampling lens, the block having
two parallel opposed faces (12A, 12B) for reflec-
tion of light from one to the other within the block;
wherein the opposed faces (12A, 12B) of the
monolithic block (10) lie at angles of incidence
relative to the optical paths of the light beams
such that light passing in one of said optical
paths between the sampling lens and one of the
input and the output lenses is reflected by both
said opposed faces of the block;

said dichroic filter being formed as a coating
(12A) on one of said opposed faces being locat-
ed in both said optical paths, the dichroic filter
coating (12A) reflecting light of a first wavelength
or range of wavelengths and transmitting light
of a second wavelength or range of wave-
lengths.

An endoscope or boroscope according to claim 1,
wherein the other of said opposed faces (12B) has
a reflecting or partially reflecting coating.

An endoscope or boroscope according to claim 1 or
2, wherein the lenses (20, 22, 24) are GRIN lenses.

A method of making an endoscope or boroscope ac-
cording to any one of the preceding claims, in which
the monolithic block of transparent material having
opposing faces for reflecting light is made by the
steps of:

taking a sheet of transparent material, the sheet
having opposing faces, at least one of said op-
posing faces having a dichroic filter coating
which reflects light of a first wavelength or range
of wavelengths and transmits light of a second
wavelength or range of wavelengths; and
cutting said monolithic block from the sheet with
a cut which is at an angle which is not normal to
said faces, thereby producing said block with
said faces lying at said angles of incidence.

5. A method according to claim 4, wherein the other

opposing face of the sheet is also coated with a re-
flecting or partially reflecting coating, prior to the cut-

15

20

25

30

35

40

45

50

55

ting step, thereby producing a second angled face
with a said coating in the resulting component, op-
posing the first-mentioned angled face.

6. A method according to claim 4 or claim 5, including
the step of removing a prism-shaped section from
the angled face of the block.

Patentanspriiche

1. Endoskop fiir in vivo erfolgende medizinische und

tiermedizinische Untersuchungen oder Boroskop fir
Untersuchungen in Arbeitsmaschinen und -moto-
ren, mit einer spektroskopischen Sonde zum Be-
leuchten einer Probe mit Beleuchtungslicht und zum
Sammeln von Licht, das durch die Probe bei ver-
schiedenen Wellenlangen von dem Beleuchtungs-
licht gestreut wird, zur spektroskopischen Analyse
der Probe, umfassend:

eine optische Eingangsfaser (31) fir das Be-
leuchtungslicht;

eine optische Ausgangsfaser (33), um das ge-
sammelte gestreute Licht zu einer spektrosko-
pischen Vorrichtung zur Analyse zu bringen;
eine optische Eingangslinse (20), die derart an-
geordnet ist, das Beleuchtungslicht von der op-
tischen Eingangsfaser aufzunehmen;

eine optische Ausgangslinse (24), die derart an-
geordnetist, das gestreute Licht an die optische
Ausgangsfaser auszugeben;

eine Abtastlinse (22), die derart angeordnet ist,
die Probe mit dem Beleuchtungslicht zu be-
leuchten und Licht, das von der Probe gestreut
wird, zu sammeln; wobei ein optischer Pfad fiir
das Beleuchtungslicht zwischen der Eingangs-
linse und der Abtastlinse und ein optischer Pfad
fir das gestreute Licht zwischen der Abtastlinse
und der Ausgangslinse vorhanden sind;

einen dichroitischen Filter, der in den optischen
Pfaden angeordnet ist, um entweder das Be-
leuchtungslicht in den Pfad des gestreuten
Lichts zu lenken oder das gestreute Licht aus
dem Pfad des Beleuchtungslichts zu lenken;
gekennzeichnet durch einen monolithischen
Block (10) aus transparentem Material, der mit
der Eingangslinse, der Ausgangslinse und der
Abtastlinse gekoppelt ist, wobei der Block zwei
parallele gegeniberliegende Seiten (12a, 12b)
zur Reflexion von Licht von einer zu der anderen
in dem Block besitzt;

wobei die gegenilberliegenden Seiten (12a,
12b) des monolithischen Blocks (10) unter Ein-
fallswinkeln relativ zu den optischen Pfaden der
Lichtstrahlen liegen, so dass Licht, das einen
der optischen Pfade zwischen der Abtastlinse
und einer der Eingangs- und der Ausgangslin-
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sen durchlauft, durch beide der gegentiberlie-
genden Seiten des Blocks reflektiert wird;
wobei der dichroitische Filter als eine Beschich-
tung (12a) auf einer der gegenuberliegenden
Seiten geformt ist, die in beiden optischen Pfa-
den angeordnet ist, wobei die Beschichtung
(12a) des dichroitischen Filters Licht einer er-
sten Wellenlange oder eines ersten Bereichs
von Wellenldngen reflektiert und Licht einer
zweiten Wellenldnge oder eines zweiten Be-
reichs von Wellenlangen durchldsst.

Endoskop oder Boroskop nach Anspruch 1,

wobei die andere der gegeniliberliegenden Seiten
(12b) eine reflektierende oder teilreflektierende Be-
schichtung besitzt.

Endoskop oder Boroskop nach einem der Anspri-
che 1 oder 2,
wobei die Linsen (20, 22, 24) GRIN-Linsen sind.

Verfahrenzum Herstellen eines Endoskops oder Bo-
roskops nach einem der vorhergehenden Anspri-
che, wobei der monolithische Block aus transparen-
tem Material, der gegentiberliegende Seiten zur Re-
flexion von Licht aufweist, durch die Schritte herge-
stellt wird, dass:

eine Lage aus transparentem Material genom-
men wird, wobei die Lage gegeniberliegende
Seiten besitzt, wobei zumindest eine der gegen-
Uberliegenden Seiten eine Beschichtung eines
dichroitischen Filters aufweist, die Lichteiner er-
sten Wellenlange oder eines ersten Bereichs
von Wellenldngen reflektiert und Licht einer
zweiten Wellenldnge oder eines zweiten Be-
reichs von Wellenlangen durchldsst; und

der monolithische Block aus der Lage mit einem
Schnitt geschnitten wird, der unter einem Winkel
angeordnet ist, der nicht normal zu den Seiten
liegt, wodurch der Block so erzeugt wird, dass
die Seiten an den Einfallswinkeln liegen.

Verfahren nach Anspruch 4,

wobei die andere gegentiberliegende Seite der Lage
auch mit einer reflektierenden oder teilreflektieren-
den Beschichtung vor dem Schneideschritt be-
schichtet ist, wodurch eine zweite angewinkelte Sei-
te mit der Beschichtung in der resultierenden Kom-
ponente gegenlberliegend der zuerst erwahnten
angewinkelten Seite erzeugt wird.

Verfahren nach einem der Anspriiche 4 oder 5,
mit dem Schrittzum Entfernen eines prismaférmigen
Abschnitts von der angewinkelten Seite des Blocks.
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Revendications

Endoscope pour des examens médicaux et vétéri-
naires in vivo ou boroscope pour des examens dans
des machines et des moteurs de travail, comprenant
une sonde spectroscopique pour éclairer un échan-
tillon avec une lumiére d’éclairage et pour collecter
la lumiere diffusée par I'’échantillon a différentes lon-
gueurs d’onde de la lumiére d’éclairage pour une
analyse  spectroscopique de I'échantillon,
comprenant :

une fibre optique d’entrée (31) pour la lumiere
d’éclairage ;

une fibre optique de sortie (33) pour amener la
lumiére diffusée collectée vers un dispositif
spectroscopique pour analyse ;

une lentille d’entrée optique (20) agencée pour
recevoir la lumiére d’éclairage provenant de la
fibre optique d’entrée ;

une lentille de sortie optique (24) agencée pour
sortir la lumiere diffusée vers la fibre optique de
sortie ;

une lentille d’échantillonnage (22), agencée
pour éclairer I'échantillon avec la lumiére
d’éclairage et pour collecter la lumiére diffusée
par I'’échantillon ; un trajet optique étant présent
pour la lumiere d’éclairage entre la lentille d’en-
trée et la lentille d’échantillonnage et un trajet
optique étant présent pour la lumiére diffusée
entre la lentille d’échantillonnage et la lentille de
sortie ;

un filtre dichroique situé dans lesdits trajets op-
tiques soit pour diriger la lumiére d’éclairage
dans le trajet de la lumiére diffusée, soit pour
diriger la lumiére diffusée hors du trajet de la
lumiere d’éclairage ;

caractérisé par un bloc monolithique (10) de
matériau transparent couplé a la lentille d’en-
trée, a la lentille de sortie et a la lentille d’échan-
tillonnage, le bloc comportant deux faces oppo-
sées (12A, 12B) paralleles pour la réflexion de
la lumiére de 'une vers l'autre dans le bloc ;
dans lequel les faces opposées (12A, 12B) du
bloc monolithique (10) se trouvent selon des an-
gles d’incidence par rapport aux trajets optiques
desfaisceauxdelumiere tels que lalumiére pas-
sant dans 'un desdits trajets optiques entre la
lentille d’échantillonnage et I'une des lentilles
d’entrée et de sortie est réfléchie par les deux
dites faces opposées du bloc ;

ledit filtre dichroique étant formé en tant que re-
vétement (12A) sur I'une desdites faces oppo-
sées étant situé dans les deux dits trajets opti-
ques, le revétement de filtre dichroique (12A)
réfléchissantlalumiére d’une premiére longueur
d’'onde ou plage de longueurs d’onde et trans-
mettant la lumiére d’une deuxiéme longueur
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d’'onde ou plage de longueurs d’onde.

Endoscope ou boroscope selon la revendication 1,
dans lequel I'autre desdites faces opposées (12B)
comporte un revétement réfléchissant ou partielle-
ment réfléchissant.

Endoscope ou boroscope selon la revendication 1
ou 2, dans lequel les lentilles (20, 22, 24) sont des
lentilles GRIN.

Procédé de fabrication d’'un endoscope ou d’'un bo-
roscope selon 'une quelconque des revendications
précédentes, dans lequel le bloc monolithique de
matériau transparent comportant des faces oppo-
sées pour réfléchir la lumiére est réalisé par les
étapes :

de prise d’'une feuille de matériau transparent,
la feuille comportant des faces opposées, au
moins l'une desdites faces opposées compor-
tant un revétement de filtre dichroique qui réflé-
chit la lumiére d’'une premiére longueur d’'onde
ou plage de longueurs d’onde et transmet la lu-
miére d’une deuxiéme longueur d’'onde ou plage
de longueurs d’onde ; et

de découpe dudit bloc monolithique de la feuille
avec une découpe qui est selon un angle qui
n’est pas normal aux dites faces, produisant de
ce fait ledit bloc avec lesdites faces se trouvant
selon lesdits angles d’incidence.

Procédé selon larevendication 4, dans lequel l'autre
face opposée de la feuille est également revétue
d’'un revétement réfléchissant ou partiellement réflé-
chissant, avant I'étape de découpe, produisant de
ce fait une deuxiéme face inclinée avec un dit revé-
tement dans le composant résultant, opposée a la
face inclinée mentionnée en premier.

Procédé selon la revendication 4 ou la revendication
5, comprenant I'étape de retrait d’'une section de for-
me prismatique de la face inclinée du bloc.
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