EP 3172 607 B1

(19)

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

9

(12)

(45) Date of publication and mention
of the grant of the patent:
20.07.2022 Bulletin 2022/29

(21) Application number: 15825206.4

(22) Date of filing: 20.07.2015

(11) EP 3172 607 B1

EUROPEAN PATENT SPECIFICATION

(51) International Patent Classification (IPC):
G02B 7/02(2021.01)

(52) Cooperative Patent Classification (CPC):
G02B 7/022; G02B 7/026

(86) International application number:
PCT/CA2015/050672

(87) International publication number:
WO 2016/011544 (28.01.2016 Gazette 2016/04)

(54) OPTICAL ASSEMBLIES WITH TILT-CONTROLLED MOUNTING OF AN OPTICAL ELEMENTIN A

BARREL

OPTISCHE ANORDNUNGEN MIT NEIGUNGSKONTROLLIERTER MONTAGE EINES OPTISCHEN

ELEMENTS IN EINEM LAUF

ASSEMBLAGES OPTIQUES AVEC MONTAGE A INCLINAISON CONTROLEE D’UN ELEMENT

OPTIQUE DANS UN BARILLET

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 25.07.2014 US 201462029125 P

(43) Date of publication of application:
31.05.2017 Bulletin 2017/22

(73) Proprietor: Institut National d’Optique
Québec, Québec G1P 4S4 (CA)

(72) Inventor: LAMONTAGNE, Frédéric
Québec, Québec G1P 4S4 (CA)

(74) Representative: Cabinet Beau de Loménie
158, rue de I’Université
75340 Paris Cedex 07 (FR)

(56) References cited:
WO-A1-2016/044927
DE-A1-19 943 452
US-A- 3 888 568
US-A1- 2009 245 766

CN-U- 203 164 577
JP-A-2012 173 366
US-A1- 2004 080 815
US-A1-2015 131 175

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Processed by Luminess, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 3 172 607 B1
Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to opto-mechanical systems and more particularly concerns an optical assembly
having one or more optical elements mounted in the cavity of a barrel using threads designed to avoid a tilting of the
optical element within the cavity.

BACKGROUND

[0002] Optical elements or components are omnipresent in devices, systems or arrangements where light needs to
be directed, expanded, focussed, collimated or otherwise transformed or affected. Optical elements can for example be
embodied by lenses, mirrors, Diffractive Optical Elements (DOE), assemblies of such elements, or the like.

[0003] In a typical optical system, most or all optical elements usually need to be precisely positioned and aligned in
order to properly perform their intended optical function. This positioning and alignment typically involve securing the
optical element in a holder or mount of some sort. Proper alignment of an optical element with respect to the holder is
a delicate operation that generally requires tight manufacturing tolerances and careful handling.

[0004] Barrels are well known types of mechanical holders for optical elements. Barrels typically define a cylindrical
cavity in which one or more optical elements is mounted. By way of example, a lens is a type of optical element that is
often mounted in barrels. A lens generally needs to be centered with a precision that can be of the order of a few
micrometers. Opto-mechanical assemblies in which lenses are mounted and precisely centered are known in the art.
Referring to FIG. 1 (PRIOR ART), there is shown a typical assembly 20 including a lens 22, a barrel 24 and a retaining
ring 26. The lens 22 is mounted in the barrel 24 with the periphery of one of its surfaces S1 in contact with a lens seat
28. The retaining ring 26 is typically screwed within the barrel 24 and abuts on the surface S2 of the lens 22 opposite
to the lens seat 28, thus securing the lens 22 in the assembly 20. It is well known in the art that the lens is centered
when the centers of curvature C1 and C2 of both surfaces S1 and S2 lie on the center axis B of the lens barrel 24.
[0005] The technique consisting in inserting a lens in a lens barrel and then securing the lens with a threaded ring is
generally referred to as the "drop-in" lens technique. The centering precision obtained from this technique first depends
on the minimum allowable radial gap between the lens and the barrel. Thermal effects caused by the mismatch of the
respective coefficients of thermal expansion of the lens and barrel materials also have an impact on the centering of the
lens. Manufacturing tolerances on dimensions of the components of the assembly such as the diameter of the lens, the
diameter of the barrel cavity and the difference in thickness along the edge of the lens also affect the quality of the
centering. The greater the precision required on the centering of the lens, the greater the manufacturing costs of both
lens and barrel.

[0006] The main advantages of the drop-in technique are that the assembly time can be very short and that the lenses
are removable. Low cost drop-in has, however, the drawback of a lower centering precision. The drop-in method may
not be suitable when higher precision is required, and then an active alignment is typically chosen. In this centering
method, the lens is first positioned inside the cavity and its decentering relative to the center axis of the barrel is measured.
The lens is then moved to reduce the centering error. These steps can be repeated several times until the alignment of
the lens complies with the centering requirements. Once centered, the lens is fixed in place with adhesive or other
means. This method provides a very high level of centering accuracy, but requires expensive equipment while being
time-consuming.

[0007] Another lens holding structure capable of holding a lens without damaging the surface of a lens is known from
JP2012173366 (A).

[0008] While the discussion above concerns mainly lenses, other types of optical elements can be mounted in a barrel,
and such elements are confronted with the same issues as discussed above.

[0009] There therefore remains a need for an approach to mounting an optical element in a barrel which alleviates at
least some of the drawbacks of known techniques.

SUMMARY

[0010] The present invention relates to an optical assembly according to claim 1 and an optical assembly according
to claim 13.

[0011] In accordance with one aspect of the present disclosure, there is provided an optical assembly having a barrel
defining a cavity having a center axis. The barrel has an inner wall provided with a set of internal threads. The optical
assembly furtherincludes at least one optical subassembly, the atleast one optical subassembly including a seat provided
in the cavity and an optical element mounted in the cavity. The optical element has a first surface defining a curved
abutment surface having a convex or a concave spatial profile and engaging the seat, and a second surface opposite
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to the first surface and having a spatial profile which is planar along at least a peripheral region of the second surface.
The at least one optical subassembly further includes a retaining ring inserted in the cavity and having a perimeter wall
provided with a set of external threads engaging the internal threads of the inner wall of the barrel. The retaining ring
also has an abutment engaging the peripheral region of the second surface of the optical element, thereby securing the
optical element between the seat and the retaining ring. The internal and external threads have a thread profile including
a load-bearing thread face perpendicular to the center axis of the cavity.

[0012] In some implementations, the internal and external threads have a "Buttress"-type thread profile. In other
implementations, a square thread profile may be used.

[0013] The use of a thread profile including a load-bearing thread face perpendicular to the center axis of the cavity
advantageously ensures a tilt-controlled mounting of the optical element within the barrel. More precisely, the provision
of such a load-bearing thread face can ensure that any unavoidable decentering of a threaded retaining ring will not be
accompanied by a subsequent tilt of the ring as it secures the optical element. As a result, the decentering of the retaining
ring will not alter a previous alignment of the optical element, provided that the retaining ring engages a peripheral portion
of the surface of the optical element that is deliberately made planar.

[0014] In accordance with another aspect of the present disclosure, there is provided an optical assembly which
includes a barrel defining a cavity having a center axis, the barrel having an inner wall provided with a set of internal
threads. The optical assembly further includes at least one optical subassembly. The at least one optical subassembly
has a seat provided in the cavity and an optical element mounted in the cavity. The optical element has a curved abutment
surface having a convex or a concave spatial profile and engaging the seat and a perimeter wall provided with a set of
external threads engaging the internal threads of the inner wall of the barrel. The internal and external threads have a
thread profile including a load-bearing thread face perpendicular to the center axis of the cavity.

[0015] Further features and advantages of the present invention will be better understood upon reading of preferred
embodiments thereof with reference to the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]
FIG. 1 (PRIOR ART) is a lens assembly showing a biconvex lens mounted in a lens barrel according to prior art.

FIG. 2 is a schematic top view of an optical assembly according to one embodiment; FIG. 2A is a cross-sectional
view taken along line AA of FIG. 2;

FIG. 2B is an enlarged view of a portion of FIG. 2A showing the engagement of the first surface of an optical element
with the seat of abarrel; FIG. 2C is an enlarged view of a portion of FIG. 2A showing the engagement of the peripheral
region of the second surface of the optical element with a retaining ring.

FIG. 3A is a schematic illustration of an optical assembly according to one embodiment, where a meniscus-type
lens is mounted in a barrel using a retaining ring with Buttress threads; FIG. 3B is a schematic illustration of an
optical assembly according to one embodiment, where a plano-convex lens is mounted in a barrel using a retaining
ring with square threads; FIG. 3C is a schematic illustration of an optical assembly according to one embodiment,
where a plano-concave lens is mounted in a barrel using a retaining ring with Buttress threads.

FIGs. 4A to 4D are schematic illustrations of different types of contacts between a seat and a surface of an optical
element.

FIG. 5 is a schematic illustration of an optical assembly according to one embodiment, where the optical element
is a sleeve mounted in the cavity of a barrel using a retaining ring with Buttress threads.

FIG. 6 is a schematic illustration of an optical assembly according to one embodiment, where two optical elements
provided with Buttress threads are mounted in the cavity of a barrel.

FIG. 7 is a schematic illustration of an optical assembly according to one embodiment, where a sleeve provided
with Buttress threads is mounted in a cavity at an extremity of a barrel.

DETAILED DESCRIPTION OF EMBODIMENTS

[0017] The description below generally relates to optical assemblies where one or more optical elements are mounted
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in the cavity of a barrel.

[0018] Referring to FIGs. 2 and 2A to 2C, there is shown an optical assembly 20 according to a first embodiment. The
optical assembly 20 includes a barrel 24 defining a cavity 32. The barrel 24 may be embodied by any housing structure
in which an optical element 22 is to be mounted, aligned and secured in position. Typical barrels such as the one
illustrated herein include a hollow cylindrical housing 30 having an inner wall 34 and an outer wall 36. At least a portion
of the inner wall 34 of the barrel 24 is provided with a set of internal threads 42a, which will be described further below.
The hollow portion of the cylindrical housing 30 forms the cavity 32, which may have any shape adapted to receive the
optical element 22 therein. The cavity 32 has a center axis B, defined as its symmetry axis.

[0019] It will be readily understood that the barrel 24 may have any shape, mechanical features or additional compo-
nents adapted to engage, connect to or otherwise interact with other structures as required by the context in which the
optical element 22 is to be used. For example, the outer wall 36 of the barrel may be provided with threads, holes, pins,
projections, flanges and the like without departing from the scope of the invention. Alternatively, the barrel 24 may be
an integral part of a larger optical assembly, such as for example a camera objective or a microscope objective.
[0020] The optical assembly 20 includes one or more optical subassemblies 31. Although a single optical subassembly
31isshown intheillustrated embodiment of FIGs. 2and 2A to 2C, it will be readily understood thatin otherimplementations
more than one optical subassembly may be provided in a same barrel without departing from the scope of the invention.
Each optical subassembly 31 includes a seat 28 provided in the cavity 32 and an optical element 22 mounted in the
cavity as explained further below.

[0021] It will be readily understood that according to implementations of the optical subassembly described herein,
the optical element 22 may act on light in some fashion, for example to direct or change the direction of a light beam,
focus or expand, collimate, filter, or otherwise transform or affect light. Examples of optical elements include lenses of
various types, such as for example plano-convex, biconvex, plano-concave, biconcave, positive or negative meniscus
lenses, as well as cemented doublet or triplet lenses of the types listed above. Other typical optical elements include
diffractive lenses, curved mirrors, diffractive optical elements (DOEs), pinholes, or the like. In other embodiments, the
optical element 22 may be embodied by a more complex grouping of optical components such as for example one or
more lenses mounted in a sleeve, a mirror or a lens mounted in a spider, a lens or a lens barrel mounted in an optical
mount which is itself mounted on an optical bench, etc.

[0022] Generally speaking, each optical subassembly 31 includes two features which cooperate to provide a proper
alignment of the corresponding optical element 22 within the cavity 32: a curved abutment surface engaging the seat
28, and a set of external threads 42b engaging the internal threads 42a of the cavity 32. These features may be provided
on a same or on different components of the optical subassembly 31, as will become apparent from the examples
described below.

[0023] Referring still to FIGs. 2 and 2A to 2C, in some implementations the optical element 22 has a first surface S1
defining the curved abutment surface, and a second surface S2 opposite to the first surface S1 and having a spatial
profile that is planar over at least a peripheral region 27 of the second surface S2. In the illustrated example of FIGs. 2
and 2A to 2C, the optical element 22 is embodied by a plano-convex lens, where the first surface S1 is spherical and
the spatial profile of the second surface S2 is planar over its full extent. With additional reference to FIG. 3A, there is
shown a variant of the optical assembly 20 where the optical element 22 is embodied by a meniscus lens. In this latter
embodiment the first surface S1 of the optical element 22 is spherical or cylindrical with a convex curvature, whereas
the second surface S2 has a spatial profile that is planar over the peripheral region 27 and curved within a central region
46, defining a concave spherical or cylindrical shape. It will be readily understood that the curved abutment surface may
also have an aspherical spatial profile. In other variants, the optical element 22 may be embodied by a plano-concave
lens, a biconvex or biconcave lens having a planarized peripheral region 27 over the second surface S2, or the like.
Alternative embodiments of the optical element 22 are presented on other figures and will be described further below.
[0024] Referring back to FIGs. 2 and 2A to 2C, in the illustrated embodiment the optical subassembly 31 also includes
a retaining ring 26 inserted in the cavity 32. The retaining ring 26 has a perimeter wall 29 provided with the external
threads 42b of the optical subassembly 31. The retaining ring 26 also has an abutment 44 engaging the peripheral region
27 of the second surface S2 of the optical element 22. In this manner, the optical element 22 can be secured between
the seat 28 and the retaining ring 26.

[0025] Onone side of the optical subassembly 31, the alignment of the optical element 22 within the cavity is determined
by the engagement of the seat 28 with the first surface S1 of the optical element 22, as best seen in FIG. 2B. In some
embodiments, the seat 28 may be defined by an annular shoulder 38 formed in the inner wall 34 and projecting inwardly
within the cavity 32. In the illustrated embodiment, the shoulder 38 is shown as forming a right angle with respect to the
inner wall 34 of the barrel 24, such that the first surface S1 rests on a corner edge 40 of the shoulder 38. Optionally, as
illustrated, the corner edge 40 can be rounded or bevelled by polishing or machining to avoid damaging the first surface
S1 of the optical element 22. It will be readily understood that in other embodiments the contact between the first surface
S1 and the seat 28 may be different. For example, referring to FIGs. 4A to 4D, different types of possible engagement
schemes between a surface S and a seat 28 may include:
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- an edge contact (FIG. 4A), where the curved surface S rests on an edge of the seat 28. The edge need not define
aright angle.

- atangential contact (FIG. 4B), where the curved surface S rests on a wall of the seat 28 that is oriented along a
tangent of the surface at the contact point;

- atoroidal contact (FIG. 4C), where the seat 28 itself is curved along the contact point and has a curvature opposite
to that of the surface S;

- aspherical contact (FIG. 4D), where the seat 28 is curved along the contact point with a curvature matching that of
the surface S.

[0026] It is to be noted that embodiments of the optical subassembly 31 are not limited to cases where the abutment
surface is curved along its entire extent. In alternative embodiments, only a peripheral portion of the first surface of the
optical element engaging the seat may be machined or otherwise shaped to define the curved abutment surface, whereas
the remainder of the first surface may have a different shape without departing from the scope of the invention.

[0027] From a reading of the present specification as a whole, one versed in the art will readily understand that the
optical subassembly 31 should allow for some movement between the first surface S1 of the optical element 22 and the
seat 28. In some embodiments, this implies that the optical element 22 meets the so-called "self-centering" criterion
known in the art. Self-centering refers to the capacity of the optical element 22 to roll or slide on the seat 28. It is known
to call "self-centered" an optical element 22 that has a friction coefficient with respect to the seat 28 and retaining ring
26 sufficiently small to allow a rolling or other movement of the optical element 22. As for example known from Paul
Yoder Jr., "Mounting Optics in Optical Instruments", SPIE Press (2008), the threshold for the friction coefficient can be
expressed as:

Ycl YCZ
2R, 2R,

(1)

U<

where:

* wis the friction coefficient between the optical element and the seat or retaining ring;

* Y, isthe half-diameter of contact of the first surface S1 of the optical element with the seat;

* Y, is the half-diameter of contact of the second surface S2 of the optical element with the retaining ring;
* R, is the radius of curvature of the first surface of the optical element; and

* R, is the radius of curvature of the second surface of the optical element.

[0028] In Equation (1), the radius of curvature of each surface has a positive value for convex surfaces and a negative
value for concave surfaces. It will also be noted that in the case of a plano-concave optical element such as shown in
FIGs. 2 and 2A to 2C, the radius of curvature R, of the second surface would be infinite or very large, such that the
second term in the right-hand side of Equation (1) would vanish.

[0029] The seat 28 may take any other shape suitable for supporting the abutment surface of the optical element 22.
By way of example, with reference to FIG. 3C there is shown an embodiment where the optical element 22 is a plano-
concave lens, the first surface S1 therefore having a concave shape. In this example, the seat 28 is shaped as a lip on
which the abutment surface may rest. In some embodiments the seat 28 need not extend along the entire circumference
of the inner wall 34 of the barrel but may include missing portions or other discontinuities, or may be embodied by a
plurality of radially aligned projections spaced apart along the inner wall. In other implementations, the seat 28 may be
embodied by a separate structure affixed to the barrel 24, such as for example a ring-shaped component threaded to
the barrel 24 or otherwise affixed to the barrel 24.

[0030] One skilled in the art will understand that the centering error of the surface S1 according to the center axis B
of the barrel 24 depends on the concentricity of the seat 28 and on any manufacturing error in its perpendicularity relative
to the center axis B. However, these manufacturing errors can be kept very low by using suitable manufacturing practices.
For example, currently-available techniques can provide centering errors typically less than 5 um.

[0031] On the side of its second surface S2, the alignment of the optical element 22 within the cavity is impacted by
the engagement of this second surface S2 with the abutment 44 of the retaining ring 26, as well as by the engagement
of the internal and external threads 42a and 42b. Indeed, any tilt of the retaining ring 26 with respect to the center axis
of the cavity is directly imparted onto the optical element 22. With particular reference to FIG. 2C, the engagement of
the internal and external threads 42a and 42b will now be described in more details.

[0032] The expression "threads" is meant to refer to engageable helicoidal projections machined on two components
allowing one component to be screwed on or within the other. By convention, a single thread is generally considered to
be the portion of a helicoidal projection corresponding to one screw turn, whereas the length of the projection defining
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the entire screw path is referred to as threading or a set of threads. Also, by convention, internal threads are provided
in a bore or cavity intended to receive another component, whereas external threads are provided on the outside of the
component being screwed into this bore or cavity. Therefore, in the illustrated embodiment of FIG. 2C, the internal
threads 42a are machined on the inner wall 34 of the barrel 24 whereas the external threads 42b are machined on the
perimeter wall 29 of the retaining ring 26, such that the retaining ring 26 can be screwed inside the cavity 32. It will be
readily understood that either set of threads 42a, 42b need not be continuous along the entire screw path, but may
include missing segments or other discontinuities as long as sufficient contact points are provided to allow smooth
engagement of the threads.

[0033] The internal and external threads 42a and 42b have thread profiles that are complementary, and both include
a load-bearing thread face perpendicular to the center axis B of the cavity. The expression "thread profile" refers to the
cross-sectional shape, angle and pitch formed by the threads of a given set. By "complementary", it is understood that
the profiles of the internal threads 42a and external threads 42b are such that they can be screwed together, which
usually involves a same pitch. Although the internal threads 42a and external threads 42b are shown as having a same
overall profile in the illustrated embodiments, in other variants they may have different shapes as long as the comple-
mentary condition as explained above is met.

[0034] In optical assemblies such as described herein, when the retaining ring 26 is screwed within the barrel 24 and
abuts on the optical element 22, the resulting mechanical forces in the system typically act to push the retaining ring 26
away from the optical element 22. In the illustrated reference frame of FIG. 2C, it can be seen that the barrel 24 and the
retaining ring 26 are engaged in such a manner that the top surface 104 of each external thread 42b on the retaining
ring 26 pushes against the bottom surface 102 of an internal thread 42a machined in the barrel 24. It will be understood
that reference to "top" and "bottom" directions is used herein as shorthand for ease of reference to FIG. 2C, and is not
meant to impart any preferential orientation to the optical assembly.

[0035] In practice, the impact of the bottom surface 106 of each external thread 42b and the top surface 108 of each
internal thread 42a is null or negligible in the balance of forces within the assembly; these surfaces do not contact each
other or any other surface. As the entire load of the engagement between the internal and external threads is borne by
the top surface 104 of the external threads 42b and the bottom surface 102 of the internal threads 42b, these latter
surfaces are deemed to be "load-bearing" faces of the threads.

[0036] In accordance with one aspect, the thread profiles of the internal and external threads 42a and 42b are such
that their load-bearing faces are perpendicular to the center axis B of the cavity. In the reference frame of FIG. 2C, the
load-bearing faces therefore extend horizontally. It can also be said that the load-bearing thread faces are perpendicular
to the screw direction of the retaining ring 26 within the barrel 24, since this direction is parallel to the center axis B of
the cavity.

[0037] Still referring to FIGs. 2, 2A to 2C, at least the peripheral region 27 of the second surface S2 of the optical
element 22 is planar, and therefore extends parallel to the plane defined by the load-bearing faces of the threads when
engaged by the retaining ring 26. The abutment 44 of the retaining ring 26 is also planar, leading to a planar contact
between the retaining ring 26 and the second surface S2 of the optical element 22. Referring to FIGs. 3A and 3B, in
another variant, the abutment 44 of the retaining ring 26 may have a curved surface engaging the planar peripheral
portion 27 of the second surface S2 of the optical element 22.

[0038] It will be readily understood by one skilled in the art that the meaning of "planar” in the context of the peripheral
region 27 of the second surface S2 need not be limited to strict mathematical planarity with an infinite radius of curvature.
In some variants, the peripheral region 27 of the second surface may be curved with a radius of curvature sufficiently
large so that the impact of a decentering of the retaining ring 26 on the alignment of the optical element 22 is negligible
or within the tolerances prescribed for a given assembly.

[0039] In the illustrated embodiment of FIGs. 2 and 2A to 2C the use of load-bearing thread faces perpendicular to
the center axis B of the cavity 32, in combination with a planar peripheral region of the second surface, nullifies the
impact of the decentering of the retaining ring 26 on the alignment of the optical element 22 in the cavity. The threads
used in typical optical assemblies of the prior art have a triangular shape with a thread angle of 60°, which means that
the load-bearing faces are tilted by 30° with respect to the plane perpendicular to the screwing direction. As a conse-
gquence, any decentering of the retaining ring within the cavity leads to a proportional tilt of the retaining ring, the tilt being
transferred, in turn, to the optical element. In accordance with the embodiments described herein, through the provision
of load-bearing thread faces perpendicular to the center axis B of the cavity, the retaining ring 26 will not be tilted by the
orientation of the threads no matter the amount of horizontal play of the retaining ring 26 within the cavity 32. Also,
advantageously, the force applied on the optical element 22 by the retaining ring 26 is parallel to the center axis B, that
is, vertical in the reference frame of the drawings. No tilt is therefore imparted on the optical element 22 itself, therefore
avoiding the detrimental impact such a tilt would have on its optical alignment. It will be noted that in such a configuration,
the centering of the optical element 22 within the cavity 32 is mainly determined by the engagement of the first surface
S1 with the seat 28.

[0040] Referring back to FIGs. 2, 2A to 2C, as mentioned above, the orientation of the top surface 108 of the internal
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thread 42a and of the bottom surface 106 of the external thread 42b does not significantly impact on the alignment of
the optical element 22 within the cavity. In one embodiment, each of these surfaces defines a slanted thread face making
an acute angle of about 45° with the load-bearing thread faces. The resulting thread profile is otherwise known in the
art as a "Buttress" threads. Of course, the slanted thread faces could have a different angle without departing from the
scope of the invention, and thread profiles generally defined by a load-bearing thread face perpendicular to the axis of
the cavity and the other thread face slanted at any angle will be referred to herein as "Buttress-type" threads. Buttress-
type threads are best known for machinery applications, where they can be used to handle a very high axial thrust in
one direction.

[0041] It will be understood that embodiments of the invention may make use of other thread profiles that include a
load-bearing thread face perpendicular to the center axis of the cavity but that would not be thought of as being of the
Buttress type. In one example, referring to FIG. 3B, a square thread profile, also referred to in the art as a rectangular
thread profile, may be used. As their name entails, square threads 42a, 42b have a square-shaped cross section and
both the load-bearing (102, 104) and load-free (106, 108) thread faces are perpendicular to the center axis B of the
cavity 32.

[0042] Referring to FIG. 5, there is shown another embodiment of an optical assembly 20 with an optical subassembly
31 including an optical element 22 and a retaining ring 26. In this implementation, the optical element 22 is embodied
by a sleeve 54 inserted inside the cavity 32 of the barrel 24 and held therein by the retaining ring 26. The sleeve has
opposite lower and upper ends 58 and 60 respectively defining the first and second surfaces S1 and S2.

[0043] One or more optical components can be mounted in the sleeve 54. Although three such optical components
56a, 56b, 56¢ are shown in FIG. 5, it will be readily understood that in different variants the number of optical components
may vary. Each optical component 56a, 56b, 56¢ may for example be embodied by a lens, a curved mirror, a diffractive
optical element, a pinhole or the like. Preferably, each optical component 56a, 56b, 56¢ is centered with respect to the
sleeve 54, such that proper centering of the sleeve 54 in the cavity 32 will automatically center the optical components
56a, 56b, 56¢ with respect to the center axis B of the cavity 32. In various implementations, the optical components 56
may be mounted in the sleeve 54 using the common "drop-in" approach, and may be held in place using a threaded
ring, asnapring, a flexure, an elastomeric retainer, a burnished edge or any other suitable means. In some embodiments,
one or more of the optical components may be auto-centered within the sleeve 54 using a threaded retaining ring 26,
in accordance with the principle explained in U.S. Pat. Appl. Pub. No. 2015/0131175 (LAMONTAGNE et al.), filed on
July 11, 2014 and entitled "Auto-centering of an optical element within a barrel'. The optical components 56 may also
be centered according to a different technique, for example with an active alignment followed by bonding.

[0044] Referring now to FIG. 6, there is illustrated another embodiment of the optical assembly 20 which includes
several optical subassemblies 31, 31°, 31". While at least one of these optical subassemblies preferably includes threads
with a thread profile including a load-bearing thread face perpendicular to the center axis of the cavity, it will be readily
understood that other subassemblies of the same optical assembly may be centered according to a different principle
without departing from the scope of the invention.

[0045] In the illustrated variant, from bottom to top, a first optical subassembly 31 includes the corresponding optical
element 22, here embodied by a meniscus lens having a convex first surface S1 and a second surface S2 that is concave
at least around its central region 46. As with previous embodiments, the first surface S1 of the optical element defines
the curved abutment surface, which is supported by a seat 28 formed integrally within the inner wall 34 of the cavity 32.
However, in this case the optical element 22 has a perimeter wall 23 directly provided with the external threads 42b, the
latter engaging the internal threads 42a machined in the inner wall 34 of the cavity 32. The internal and external threads
42a and 42b have a thread profile including a load-bearing thread face perpendicular to the center axis B of the cavity,
for example a Buttress-type thread profile in the illustrated embodiment. The second illustrated optical subassembly 31’
also includes the corresponding optical element 22’ with first and second surfaces S1' and S2’, and also having a
perimeter wall 23’ directly provided with the external threads 42b’. The internal and external threads 42a and 42b’ also
have a Buttress-type thread profile. Finally, the third optical subassembly 31" includes an optical element 22" embodied
by a biconvex lens having a first surface S1" defining the curved abutment surface and an opposite second surface S2".
The third optical subassembly 31" also includes a retaining ring 26 provided with the external threads 42b". It will be
noted that the load-bearing thread face of the thread profile is not perpendicular to the center axis of the cavity in this
particular subassembly. As a consequence, the internal threads on the inner wall of the cavity are machined with two
different thread profiles in this exemplary embodiment, which is also characterized by a cavity having two sections of
differing diameters.

[0046] One can see in the particular implementation of FIG. 6 that the second surface S2 of the optical element 22 of
the first subassembly 31 acts as the seat 28’ that engages the first surface S1’ of the optical element 22’ of the second
subassembly 31'. Furthermore, the optical element 22’ of the second subassembly 31’ is shaped so as to define an
upwardly projecting annular structure 66. The upper extremity 68 of this upward projecting annular structure 66 acts as
the seat 28" engaging the first surface S1" of the optical element 22" of the third subassembly 31". The upwardly projecting
annular structure 66 therefore also serves as a spacer between the second and third subassemblies 31’ and 31".
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[0047] Embodiments where external threads are provided on the perimeter wall of the optical element may be partic-
ularly advantageous for plastic and/or molded elements, in circumstances where a stack of several optical elements is
required, or simply if it is found desirable to avoid the use of retaining rings or spacers. The optical element of such
embodiments may be a lens, a curved mirror, a diffractive optical element, a pinhole or the like. Preferably, in such
embodiments the optical element or at least its perimeter wall is made of a material suitable for machining the external
threads therein, such as for example plastics.

[0048] Ofcourse, the numberand configuration of optical elements mounted in the cavity can vary from one embodiment
to the next and the example shown in FIG. 6 is provided only for illustrative purposes.

[0049] Referringto FIG. 7, there is shown anotherimplementation of an optical assembly 20 where the external threads
42b are provided on a perimeter wall 23 of the optical element 22. In this case, the optical element 22 is embodied by
a sleeve 54 having one or more optical components 56 mounted therein. As with the embodiment described with reference
to FIG. 5, the optical components 56 may be mounted in the sleeve 54 using any appropriate technique known in the
art. Of course, the number, nature and configuration of the optical components shown in FIG. 7 are provided by way of
example only and should not be considered limitative to the scope of the invention.

[0050] In the embodiment of FIG. 7, the sleeve 54 may be viewed as a second barrel mounted concentrically in an
extremity of a first barrel 24, in which additional optical elements 57 such as lenses, mirrors, diffractive optical elements,
pinholes or the like are mounted and preferably centered using an appropriate technique. It is known in the art that such
a head-to-head barrel configuration requires precise machining features, such as precisely fitted inner and outer diam-
eters, to reduce the centering error to an acceptable level. Prior art configurations of this type have a radial centering
error of one barrel with respect to the other typically from 0.1 mm down to 0.010 mm. The embodiment shown in FIG.
7 can limit the centering error to 6 wm or less, depending on the geometrical tolerances of the seat on which the sleeve
54 abuts.

[0051] Of course, numerous modifications could be made to the embodiments described above without departing from
the scope of the present invention as defined in the appended claims.

Claims
1. An optical assembly (20), comprising:

- a barrel (24) defining a cavity (32) having a center axis, the barrel having an inner wall (34) provided with a
set of internal threads (42a); and

- at least one optical subassembly (31), the at least one optical subassembly comprising a seat (28) provided
in the cavity (32) and an optical element (22) mounted in the cavity, the optical element having a first surface
(S1) defining a curved abutment surface having a convex or a concave spatial profile and engaging the seat,
and a second surface (S2) opposite to the first surface and having a spatial profile which is planar along at least
a peripheral region of said second surface, the at least one optical subassembly (31) further comprising a
retaining ring (26) inserted in the cavity and having a perimeter wall (29) provided with a set of external threads
(42b) engaging the internal threads of the inner wall of the barrel, the retaining ring having an abutment (44)
engaging the peripheral region of the second surface of the optical element, thereby securing the optical element
between the seat and the retaining ring, the optical sub-assembly being configured for the optical element to
roll or slide on the seat for the optical element to be self-centered in the cavity when the optical element is
secured between the seat and the retaining ring;

wherein the internal and external threads (42a, 42b) each have a load-bearing thread face, an intersection of each
of said load-bearing thread faces with a plane comprising the center axis of the cavity being perpendicular to the
center axis of the cavity.

2. The optical assembly (20) according to claim 1, wherein the curved abutment surface has a spatial profile that is
spherical, aspherical or cylindrical.

3. The optical assembly (20) according to claim 1 or 2, where the thread profile of the internal and external threads
(42a, 42b) is a Buttress thread profile.

4. The optical assembly (20) according to any one of claims 1 to 3, where the thread profile of the internal and external
threads (42a, 42b) further includes a slanted thread face making an acute angle with the load-bearing thread face.

5. The optical assembly (20) according to claim 1 or 2, where the thread profile of the internal and external threads
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(423, 42b) is a square thread profile.

The optical assembly (20) according to any one of claims 1 to 5, wherein the optical element (22) is a lens, a mirror,
a diffractive optical element or a pinhole.

The optical assembly (20) according to any one of claims 1 to 6, wherein the spatial profile of the second surface
(S2) of the optical element (22) is planar over a full extent of said second surface.

The optical assembly (20) according to any one of claims 1 to 6, wherein the spatial profile of the second surface
(S2) of the optical element is curved within a central region of said second surface.

The optical assembly (20) according to any one of claims 1 to 5, wherein the optical element (22) comprises:

- a sleeve (54) having opposite ends defining said first and second surfaces; and
- one or more optical components (56) mounted within the sleeve.

The optical assembly (20) according to claim 9, wherein each of the optical components (56) is a lens, a mirror, a
diffractive optical element or a pinhole.

The optical assembly (20) according to any one of claims 1 to 10, further comprising at least one additional optical
element mounted within the cavity (32), each of the at least one optical element being a lens, a mirror, a diffractive
optical element or a pinhole.

The optical assembly (20) according to any one of claims 1 to 11, wherein said at least one optical subassembly
(31) comprises a plurality of optical subassemblies.

An optical assembly (20), comprising:

- a barrel (24) defining a cavity (32) having a center axis, the barrel having an inner wall provided with a set of
internal threads; and

- at least one optical subassembly (31°), the at least one optical subassembly comprising a seat (28) provided
in the cavity and an optical element (22) mounted in the cavity, the optical element having a curved abutment
surface having a convex or a concave spatial profile and engaging the seat and a perimeter wall (23) provided
with a set of external threads (42b) engaging the internal threads of the inner wall of the barrel,

wherein the internal and external threads (42a, 42b) each have a load-bearing thread face, an intersection of each
of said load-bearing thread faces with a plane comprising the center axis of the cavity being perpendicular to the
center axis of the cavity (32).

The optical assembly (20) according to claim 13, wherein the curved abutment surface has a spatial profile that is
spherical, aspherical or cylindrical.

The optical assembly (20) according to claim 13 or 14, where the thread profile of the internal and external threads
(42a, 42b) is a Buttress thread profile.

The optical assembly (20) according to any one of claims 13 to 15, where the thread profile of the internal and
external threads (42a, 42b) further includes a slanted thread face making an acute angle with the load-bearing
thread face.

The optical assembly (20) according to claim 13 or 14, where the thread profile of the internal and external threads
(423, 42b) is a square thread profile.

The optical assembly (20) according to any one of claims 13 to 17, wherein the optical element comprises:
- a sleeve (54) provided with the curved abutment surface engaging the seat and the perimeter wall provided

with the external threads (42b); and
- one or more optical components (56) mounted in the sleeve.



10

15

20

25

30

35

40

45

50

55

EP 3 172 607 B1

19. The optical assembly (20) according to claim 18, wherein each of the optical components (56) is a lens, a mirror, a
diffractive optical element or a pinhole.

20. The optical assembly (20) according to any one of claims 13 to 19, further comprising at least one additional optical
element mounted within the cavity, each of the atleast one optical element being a lens, a mirror, a diffractive optical
element or a pinhole.

21. The optical assembly (20) according to any one of claims 13 to 20, wherein said at least one optical subassembly
(31’) comprises a plurality of optical subassemblies.

Patentanspriiche
1. Optische Baugruppe (20), umfassend:

-einen Zylinder (24), der einen Hohlraum (32) mit einer Mittelachse definiert, wobei der Zylinder eine Innenwand
(34) aufweist, die mit einem Satz von Innengewinden (42a) versehen ist, und

- mindestens eine optische Unterbaugruppe (31), wobei die mindestens eine optische Unterbaugruppe einen
in dem Hohlraum (32) vorgesehenen Sitz (28) und ein in dem Hohlraum angebrachtes optisches Element (22)
umfasst, wobei das optische Element eine erste Flache (S1), die eine gekrimmte Anschlagflache mit einem
konvexen oder konkaven raumlichen Profil definiert und mit dem Sitz in Eingriff steht, und eine zweite Flache
(S2) aufweist, die der ersten Flache gegenuberliegt und ein raumliches Profil aufweist, das entlang mindestens
eines Umfangsbereichs der zweiten Flache eben ist, wobei die mindestens eine optische Unterbaugruppe (31)
ferner einen Haltering (26) umfasst, der in den Hohlraum eingesetzt ist und eine Umfangswand (29) aufweist,
die miteinem Satz von AuRengewinden (42b) versehen ist, die in die Innengewinde der Innenwand des Zylinders
eingreifen, wobei der Haltering ein Widerlager (44) aufweist, das in den Umfangsbereich der zweiten Oberflache
des optischen Elements eingreift, wodurch das optische Element zwischen dem Sitz und dem Haltering befestigt
wird, wobei die optische Unterbaugruppe so konfiguriert ist, dass das optische Element auf dem Sitz rollt oder
gleitet, damit das optische Element in dem Hohlraum selbstzentriert ist, wenn das optische Element zwischen
dem Sitz und dem Haltering befestigt ist,

wobei die Innen- und AuRengewinde (42a, 42b) jeweils eine tragende Gewindeflache aufweisen, wobei ein
Schnittpunkt jeder der tragenden Gewindeflachen mit einer Ebene, die die Mittelachse des Hohlraums umfasst,
senkrecht zur Mittelachse des Hohlraums verlauft.

2, Optische Baugruppe (20) nach Anspruch 1, wobei die gekrummte Anschlagflache ein spharisches, aspharisches
oder zylindrisches raumliches Profil aufweist.

3. Optische Baugruppe (20) nach Anspruch 1 oder 2, wobei das Gewindeprofil des Innen- und Aullengewindes (423,
42b) ein Buttress-Gewindeprofil ist.

4. Optische Baugruppe (20) nach einem der Anspruche 1 bis 3, wobei das Gewindeprofil des Innen- und Au3enge-
windes (42a, 42b) ferner eine schrage Gewindeflache aufweist, die einen spitzen Winkel mit der tragenden Gewin-
deflache bildet.

5. Optische Baugruppe (20) nach Anspruch 1 oder 2, wobei das Gewindeprofil des Innen- und Aullengewindes (423,
42b) ein Vierkantgewindeprofil ist.

6. Optische Anordnung (20) nach einem der Anspriche 1 bis 5, wobei das optische Element (22) eine Linse, ein
Spiegel, ein beugendes optisches Element oder eine Lochblende ist.

7. Optische Baugruppe (20) nach einem der Anspriiche 1 bis 6, wobei das raumliche Profil der zweiten Oberflache
(S2) des optischen Elements (22) Giber die gesamte Ausdehnung der zweiten Oberflache planar ist.

8. Optische Baugruppe (20) nach einem der Anspriiche 1 bis 6, wobei das raumliche Profil der zweiten Oberflache
(S2) des optischen Elements innerhalb eines zentralen Bereichs der zweiten Oberflache gekrimmt ist.

9. Optische Baugruppe (20) nach einem der Anspriiche 1 bis 5, wobei das optische Element (22) umfasst:
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- eine Hulse (54) mit gegentiberliegenden Enden, die die erste und zweite Oberflache definieren, und
- eine oder mehrere optische Komponenten (56), die in der Hulse montiert sind.

Optische Anordnung (20) nach Anspruch 9, wobei jede der optischen Komponenten (56) eine Linse, ein Spiegel,
ein beugendes optisches Element oder eine Lochblende ist.

Optische Baugruppe (20) nach einem der Anspriuche 1 bis 10, ferner umfassend mindestens ein zusatzliches
optisches Element, das in dem Hohlraum (32) angebracht ist, wobei jedes mindestens eine optische Element eine
Linse, ein Spiegel, ein beugendes optisches Element oder eine Lochblende ist.

Optische Baugruppe (20) nach einem der Anspriiche 1 bis 11, wobei die mindestens eine optische Unterbaugruppe
(31) eine Vielzahl von optischen Unterbaugruppen umfasst.

Optische Baugruppe (20), umfassend:

-einen Zylinder (24), der einen Hohlraum (32) mit einer Mittelachse definiert, wobei der Zylinder eine Innenwand
hat, die mit einem Satz von Innengewinden versehen ist, und

- mindestens eine optische Unterbaugruppe (31’), wobei die mindestens eine optische Unterbaugruppe einen
in dem Hohlraum vorgesehenen Sitz (28) und ein in dem Hohlraum angebrachtes optisches Element (22)
umfasst, wobei das optische Element eine gekrimmte Anschlagflache miteinemkonvexen odereinem konkaven
raumlichen Profil aufweist und mit dem Sitz und einer Umfangswand (23) in Eingriff steht, die mit einem Satz
von AuRengewinden (42b) versehen ist, die mit den Innengewinden der Innenwand des Zylinders in Eingriff
stehen,

wobei die Innen- und AuRengewinde (42a, 42b) jeweils eine tragende Gewindeflache aufweisen, wobei ein
Schnittpunkt jeder der tragenden Gewindeflachen mit einer Ebene, die die Mittelachse des Hohlraums umfasst,
senkrecht zur Mittelachse des Hohlraums (32) verlauft.

Optische Baugruppe (20) nach Anspruch 13, wobei die gekrimmte Anschlagflache ein sphéarisches, aspharisches
oder zylindrisches raumliches Profil aufweist.

Optische Baugruppe (20) nach Anspruch 13 oder 14, wobei das Gewindeprofil des Innen- und AuRengewindes
(42a, 42b) ein Buttress-Gewindeprofil ist.

Optische Baugruppe (20) nach einem der Anspriche 13 bis 15, wobei das Gewindeprofil des Innen- und Aul3en-
gewindes (42a, 42b) ferner eine schrage Gewindeflache aufweist, die einen spitzen Winkel mit der tragenden
Gewindeflache bildet.

Optische Baugruppe (20) nach Anspruch 13 oder 14, wobei das Gewindeprofil des Innen- und AuRengewindes
(42a, 42b) ein Vierkantgewindeprofil ist.

Optische Anordnung (20) nach einem der Anspriiche 13 bis 17, wobei das optische Element umfasst:
- eine Hulse (54), die mit der gekrimmten Anschlagflache versehen ist, die in den Sitz eingreift, und die Um-
fangswand, die mit dem Auf3engewinde (42b) versehen ist, und

- eine oder mehrere optische Komponenten (56), die in der Hulse montiert sind.

Optische Anordnung (20) nach Anspruch 18, wobei jede der optischen Komponenten (56) eine Linse, ein Spiegel,
ein beugendes optisches Element oder eine Lochblende ist.

Optische Baugruppe (20) nach einem der Anspriiche 13 bis 19, ferner umfassend mindestens ein zusatzliches
optisches Element, das in dem Hohlraum angebracht ist, wobei jedes mindestens eine optische Element eine Linse,

ein Spiegel, ein beugendes optisches Element oder eine Lochblende ist.

Optische Baugruppe (20) nach einem der Anspriiche 13 bis 20, wobei die mindestens eine optische Unterbaugruppe
(317) eine Vielzahl von optischen Unterbaugruppen umfasst.
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Revendications

1.

10.

1.

12.

Assemblage optique (20), comprenant :

- un barillet (24) définissant une cavité (32) ayant un axe central, le barillet ayant une paroi interne (34) munie
d’'un groupe de filetages internes (42a) ; et

- au moins un sous-assemblage optique (31), le au moins un sous-assemblage optique comprenant un siége
(28) prévu dans la cavité (32) et un élément optique (22) monté dans la cavité, I'élément optique ayant une
premiére surface (S1) définissant une surface de butée incurvée ayant un profil spatial convexe ou concave et
engageant le sieége, et une seconde surface (S2) opposée a la premiére surface et ayant un profil spatial qui
est plan le long d’au moins une zone périphérique de ladite seconde surface, le au moins un sous-assemblage
optique (31) comprenant en outre une bague de retenue (26) insérée dans la cavité et ayant une paroi périmé-
trique (29) munie d’'un groupes de filetages externes (42b) engageant les filetages internes de la paroi interne
du barillet, la bague de retenue ayant une butée (44) qui engage la zone périphérique de la seconde surface
de I'élément optique, afin de fixer I'élément optique entre le siége et la bague de retenue, le sous-assemblage
optique étant configuré de sorte que I'élément optique roule ou coulisse sur le siége afin que I'élément optique
soit autocentré dans la cavité lorsque I'élément optique est fixé entre le siége et la bague de retenue ;

dans lequel les filetages internes et externes (42a, 42b) possédent chacun une face filetée porteuse, une intersection
de chacune desdites faces filetées porteuses avec un plan comprenant I'axe central de cavité étant perpendiculaire
a l'axe central de la cavité.

Assemblage optique (20) selon la revendication 1, dans lequel la surface de butée incurvée posséde un profil spatial
qui est sphérique, asphérique ou cylindrique.

Assemblage optique (20) selon la revendication 1 ou 2, dans lequel le profil de filetage des filetages internes et
externes (42a, 42b) est un profil de filetage en dents de scie.

Assemblage optique (20) selon I'une quelconque des revendications 1 a 3, dans lequel le profil de filetage des
filetages internes et externes (42a, 42b) comprend en outre une face de filetage inclinée qui crée un angle aigu

avec la face filetée porteuse.

Assemblage optique (20) selon la revendication 1 ou 2, dans lequel le profil de filetage des filetages internes et
externes (42a, 42b) est un profil de filetage carré.

Assemblage optique (20) selon 'une quelconque des revendications 1 a 5, dans lequel I'élément optique (22) est
une lentille, un miroir, un élément optique diffractif ou un trou d’épingle.

Assemblage optique (20) selon 'une quelconque des revendications 1 a 6, dans lequel le profil spatial de la seconde
surface (S2) de I'élément optique (22) est plan sur la totalité de ladite seconde surface.

Assemblage optique (20) selon 'une quelconque des revendications 1 a 6, dans lequel le profil spatial de la seconde
surface (S2) de I'élément optique est incurvé dans une zone centrale de ladite seconde surface.

Assemblage optique (20) selon I'une quelconque des revendications 1 a 5, dans lequel I'élément optique (22)
comprend :

- une gaine (54) ayant des extrémités opposées qui définissent lesdites premiére et seconde surfaces ; et
- un ou plusieurs composant(s) optique(s) (56) monté(s) dans la gaine.

Assemblage optique (20) selon la revendication 9, dans lequel chacun des composants optiques (56) est une lentille,
un miroir, un élément optique diffractif ou un trou d’épingle.

Assemblage optique (20) selon I'une quelconque des revendications 1 a 10, comprenant en outre au moins un
élément optique supplémentaire monté dans la cavité (32), chacun du au moins un élément optique étant une

lentille, un miroir, un élément optique diffractif ou un trou d’épingle.

Assemblage optique (20) selon I'une quelconque des revendications 1 a 11, dans lequel ledit au moins un sous-
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assemblage optique (31) comprend une pluralité de sous-assemblages optiques.
Assemblage optique (20), comprenant :

- un barillet (24) définissant une cavité (32) ayant un axe central, le barillet ayant une paroi interne (34) munie
d’'un groupe de filetages internes ; et

- au moins un sous-assemblage optique (31’), le au moins un sous-assemblage optique comprenant un siége
(28) prévu dans la cavité et un élément optique (22) monté dans la cavité, I'élément optique ayant une surface
de butée incurvée ayant un profil spatial convexe ou concave et engageant le siége, et une paroi périmétrique
(23) munie d’'un groupe de filetages externes (42b) qui engagent les filetages internes de la paroi interne du
barillet ;

dans lequel les filetages internes et externes (42a, 42b) possédent chacun une face filetée porteuse, une intersection
de chacune desdites faces filetées porteuses avec un plan comprenant I'axe central de cavité étant perpendiculaire
a l'axe central de la cavité (32).

Assemblage optique (20) selon la revendication 13, dans lequel la surface de butée incurvée posséde un profil
spatial qui est sphérique, asphérique ou cylindrique.

Assemblage optique (20) selon la revendication 13 ou 14, dans lequel le profil de filetage des filetages internes et
externes (42a, 42b) est un profil de filetage en dents de scie.

Assemblage optique (20) selon 'une quelconque des revendications 13 a 15, dans lequel le profil de filetage des
filetages internes et externes (42a, 42b) comprend en outre une face de filetage inclinée qui crée un angle aigu
avec la face filetée porteuse.

Assemblage optique (20) selon la revendication 13 ou 14, dans lequel le profil de filetage des filetages internes et
externes (42a, 42b) est un profil de filetage carré.

Assemblage optique (20) selon l'une quelconque des revendications 13 a 17, dans lequel I'élément optique
comprend :

- une gaine (54) munie de la surface de butée incurvée qui engage le siége et la paroi périmétrique munie des
filetages externes (42b) ; et
- un ou plusieurs composant(s) optique(s) (56) monté(s) dans la gaine.

Assemblage optique (20) selon la revendication 18, dans lequel chacun des composants optiques (56) est une
lentille, un miroir, un élément optique diffractif ou un trou d’épingle.

Assemblage optique (20) selon I'une quelconque des revendications 13 a 19, comprenant en outre au moins un
élément optique supplémentaire monté dans la cavité, chacun du au moins un élément optique étant une lentille,
un miroir, un élément optique diffractif ou un trou d’épingle.

Assemblage optique (20) selon I'une quelconque des revendications 13 a 20, dans lequel ledit au moins un sous-
assemblage optique (31’) comprend une pluralité de sous-assemblages optiques.
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