
- 1 -

MANUFACTURE OF TRUNCATED LENSES, OF PAIRS OF TRUNCATED

LENSES AND OF CORRESPONDING DEVICES5

Technical Field

The invention relates to the field of optics, and in particular to micro optics and partially10

also micro-optoelectronics. More particularly, it relates to devices and more specifically

optical devices or optical modules such as, e.g., usable in sensors, in cameras, and more

specifically in multi-channel or computational cameras. The invention relates to

methods and apparatuses according to the opening clauses of the claims.

15

Definition of Terms

“Active optical component”: A light sensing or a light emitting component. E.g., a

photodiode, an image sensor, an LED, an OLED, a laser chip. An active optical20

component can be present as a bare die or in a package, i.e. as a packaged component.

“Passive optical component”: An optical component redirecting light by refraction

and/or diffraction and/or (internal and/or external) reflection such as a lens, a prism, a

mirror, or an optical system, wherein an optical system is a collection of such optical
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components possibly also comprising mechanical elements such as aperture stops,

image screens, holders. The term “passive” in “passive optical component” does not

exclude the possibility to have electrically operated or actuated parts therein.

“Opto-electronic module”: A component in which at least one active and at least one

passive optical component is comprised.5

“Replication": A technique by means of which a given structure or a negative thereof is

reproduced. E.g., etching, embossing, imprinting, casting, molding.

“Wafer”: A substantially disk- or plate-like shaped item, its extension in one direction

(z-direction or vertical direction) is small with respect to its extension in the other two

directions (x- and y-directions or lateral directions). Usually, on a (non-blank) wafer, a10

plurality of like structures or items are arranged or provided therein, typically on a

rectangular grid. A wafer may have openings or holes, and a wafer may even be free of

material in a predominant portion of its lateral area. A wafer may have any lateral

shape, wherein round shapes and rectangular shapes are very common. Although in

many contexts, a wafer is understood to be prevailingly made of a semiconductor15

material, in the present patent application, this is explicitely not a limitation.

Accordingly, a wafer may prevailingly be made of, e.g., a semiconductor material, a

polymer material, a composite material comprising metals and polymers or polymers

and glass materials. In particular, hardenable materials such as thermally or UV-curable

polymers are interesting wafer materials in conjunction with the presented invention,20

but semiconductor materials, too.

“Lateral”: cf. “Wafer”

“Vertical”: cf. “Wafer”

“Light”: Most generally electromagnetic radiation; more particularly electromagnetic

radiation of the infrared, visible or ultraviolet portion of the electromagnetic spectrum.25
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Background of the Invention

From WO 2004/068198, ways of manufacturing optical elements by replication are

known.5

From WO 2007/140643, it is know to use recombination in replicaton of optical

elements.

US 2006/0170810 A1 discloses methods for forming lens patterns by forming lenses on

pre-formed lenses.

From US 5536455, it is known to manufacture lenses placed in the middle of pre-10

formed lenses.

WO 2009/023465 A2 discloses a way of placing lenses off-center on a semiconductor

device, so as to have an optical axis of the lens coinciding with an optically active

region which is placed off-center in the semiconductor device. It is suggested to

manufacture such lenses using molding.15

Summary of the Invention

The inventors have recognized that, for specific applications, it can be valuable to have20

passive optical components, such as lenses, or – more generally – optical structures,

which have a peculiar shape such as unusal edges, e.g., a generally spherical plane-

concave or plane-convex lens having a rectangular lens aperture or a lens aperture

describing a circle from which a portion has been taken away.
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Analogously to the term “lens aperture,” a more general “aperture of a passive optical

component” and “aperture of an optical structure” shall be defined. More specifically,

an aperture of a passive optical component or, more generally, an aperture of an optical

structure can be defined to denote the optically relevant area of the respective passive

optical component or optical structure. Said relevant area is an area in a plane5

perpendicular to an optical axis, wherein the optical axis usually is the optical axis of

the passive optical component and optical structure, respectively. Considering that the

present invention is, at least to some extent, based on wafer-level manufacturing, said

plane can in particular be in many cases the lateral plane (as defined by a corresponding

wafer), which certainly coincides with the (corresponding) plane defined by a wafer10

portion or substrate (or substrate member) on which the passive optical component or

optical structure is present after separation of the wafer into a multitude of devices.

More particularly, the aperture of a transparent passive optical component or optical

structure can, at least in a specific view, be defined as the area through which light can

pass through the passive optical component or optical structure onto the wafer and said15

wafer portion, respectively. For reflective passive optical components or optical

structures, the aperture may be defined as that laterally defined area through which

vertically directed light impinges on the passive optical component or optical structure.

Of particular interest can be such kind of special passive optical components which

have a shape obtainable by removing a portion of material of a rotationally symmetric20

body such that one or more (typically one, in various cases at most four) outside

surfaces of the passive optical components are thereby formed, wherein in particular

cases, these one or more outside surfaces are vertical surfaces.

Such special passive optical components can be useful, e.g., in case two passive optical

component have to be arranged very close to each other and more particularly wherein25

their optical axes need to be arranged particularly close to each other. Furthermore, it

can be desirable to mass-produce such passive optical components or sets of passive

optical components comprising one or more of the described specially shaped passive

optical components.
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For example, in an optical module having two or more optical channels, in particular

mutually parallel optical channels, such as, e.g., a proximity sensor module having an

emission channel for emitting light and a detection channel for detecting light

originating from the emission channel but being reflected or scattered by objects outside

the proximity sensor, the described specially shaped passive optical components may5

find application; e.g., in such a way that each passive optical component of a set is

assigned to exactly one of the optical channels and/or that each channel comprises a

different one of the passive optical components of a set. And the herein described ways

of manufacturing may be applied for manufacturing corresponding passive optical

components or sets of passive optical components, e.g., pairs of lenses, or devices such10

as proximity sensors comprising such passive optical components or sets of passive

optical components.

In the US provisional patent application with serial number 61/577,965 filed on

December 20, 2011 having the title OPTO-ELECTRONIC MODULE AND DEVICES

COMPRISING THE SAME, devices such as opto-electronic modules and in particular15

proximity sensors are described in which the passive optical components described in

the present patent application can find application, e.g., as lenses. In this currently still

unpublished patent application, proximity sensors and ways of manufacturing the same

are described in great detail. Therefore, said US provisional patent application with

serial number 61/577,965 is hereby incorporated by reference in its entirety in the20

present patent application.

Envisaged applications include not only proximity sensors, but also any kind of optical

devices and modules, opto-electronic modules and devices and also other sensors such

as, e.g., ambient light sensors, array cameras, computational cameras and other multi-

channel optical devices and apparatuses.25

Thus, an object of the invention is to provide new ways of manufacturing optical

structures.
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The optical structures can in particular comprise or more particularly be passive optical

components, and even more particularly lenses.

Another object of the invention is to provide new ways of manufacturing a set of at least

two optical structures, in particular a multitude of such sets.

Another object of the invention is to provide new ways of manufacturing devices, e.g.,5

optical modules, opto-electronic modules, wafers, photographic devices,

communication devices, comprising optical structures.

Another object of the invention is to provide a way of manufacturing optical structures

or sets of optical structures or other devices in a particularly efficient way.

Another object of the invention is to provide the so-manufactured optical structures, sets10

of optical structures and devices themselves.

Another object of the invention is to provide new optical structures, more particularly

passive optical components having a specifically shaped aperture.

Further objects emerge from the description and embodiments below.

At least one of these objects and of the objects mentioned farther below for the various15

aspects of the invention is at least partially achieved by apparatuses and methods

according to the patent claims.

In a first aspect, the invention relates to specific optical structures or sets of optical

structures, and to their manufacture; in particular wherein such an optical structure

comprises a passive optical component, more particularly exactly one passive optical20

component.

It has been found that producing, on wafer level, a multitude of precursor optical

structures and subsequently removing material from the precursor optical structures can

be a very efficient way of manufacturing specially shaped passive optical components

such as lenses with unusal lens apertures, e.g., truncated lenses. The aperture shape of25

the passive optical components may be, e.g., triangular; rectangular; circular (or, more



- 7 -

generally, elliptic) with a straight (or even curved) edge where a portion of material is

removed; circular (or, more generally, elliptic) with two or more straight (or even

curved) edges where one or more portions of material are removed; circular (or, more

generally, elliptic) with two or more straight edges where one or more portions are

removed, wherein the edges are mutually perpendicular or parallel; circular (or, more5

generally, elliptic) with an opening inside the circle (or, more generally ellipse), in

particular wherein that opening is centered with respect to the circle (or, more generally,

ellipse) and/or wherein that opening itself is circular (or, more generally, elliptic). The

first aspect, but also the other aspects of the invention, and also these examples apply in

particular to lenses (as passive optical components), more particularly to refractive10

lenses such as convex lenses (and more particularly plan-convex lenses ) and concave

lenses (and more particularly plan-concave lenses ), but also to diffractive lenses and to

diffractive-and-refractive lenses.

Generally, and also this applies to any aspect of the invention (unless explicitely stated

differently), the optical structures (and corresponding passive optical components) may15

be produced in any known way. Of particular interest in conjunction with the present

invention (and more particularly also with its first aspect), however, is manufacturing

the precursor optical structure using replication and more specifically embossing.

Furthermore, and also this applies to any aspect of the invention (unless explicitely

stated differently), when a part or an object, such as, e.g., a master, a precursor master, a20

tool, a precursor tool, a master wafer, a replication tool, a final replica, is described to

be manufactured using replication, this can more specifically refer to its manufacture

using embossing and even more specifically to its manufacture using embossing with

flow control, cf. below (in the further description of the first aspect of the invention) for

details concerning embossing with flow control. Embossing with flow control can allow25

to obtain particularly precise results even in high-volume mass production. And, it is

mainly envisaged to produce the precursor optical structures on wafer level and/or to

carry out the removal of material on wafer level, usually both on wafer level.
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For the removal of material from precursor optical structures, various techniques may

be applied, in particular

 sawing, e.g., using a dicing saw such as dicing saws used for separating (dicing)

semiconductor wafers;

 laser cutting;5

 laser ablation;

 water jet cutting;

 milling;

 micro-machining;

 microtoming;10

 cutting using a blade;

 punch cutting (using a punch cutter).

For some of the techniques, it may be of advantage to cool down the precursor optical

structure (usually a whole wafer) before application, in particular in case of milling,

micro-machining, microtoming and punch cutting.15

Punch cutting is likely to result in unsatisfactory edges of the passive optical

components, at least for demanding applications and for sizes of typically envisaged

passive optical components, which is laterally below 4 mm and more particularly below

2 mm, and vertically below 1 mm.

Microtoming is a technique well known in microscopy and histology, wherein a sharp20

blade is used for separating or cutting off material. (Laser microtomes are considered as

a kind of laser cutting.)

Micro-machining and milling are well known techniques which can make possible

precise and high (optical) quality results and a high throughput. The same applies (at
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usually even higher throughput) to water jet cutting, laser ablation and laser cutting and

also to sawing.

Laser cutting and sawing, in particular sawing using a dicing saw, appear particularly

suitable for envisaged wafer-level manufacture of high-quality products. Whereas

sawing usually results in removal of material along straight lines only, laser cutting may5

be applied to achieve cutting lines of virtually any shape and any curvature. And for

manufacturing passive optical components (e.g., lenses) with an inner edge, i.e. with

material removed at an inner portion of the aperture, laser cutting as well as laser

ablation are very well suitable.

If material of the precursor optical structures is removed along a straight line passing a10

multitude of precursor optical structures, this may be accomplished, e.g., in one of the

following two ways:

 one precursor optical structure results, after said removal of material, in one

resulting structure, or from one precursor optical structure remains, after said

removal of material, a single resulting structure, in which case the removal of15

material creates a single straight edge at the resulting structure;

 one precursor optical structure results, after said removal of material, in two

resulting structures, in which case the removal of material creates two straight

edges, in other words, the precursor optical structure is divided by the removal

of material.20

Applying the second case, approximately twice as many resulting structures may be

produced per time compared to the first case.

In the first case, it may, as a first sub-case, be provided that the resulting structures are

located all on one side of said straight line; or it may, as a second sub-case, be provided

that a portion of the resulting structures is located on one side of said straight line and25

another portion of the resulting structures is located on the other side of said straight

line. In the first sub-case, it may, e.g., be provided that the precursor optical structures
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from which material is removed along said straight line, are arranged along a straight

line usually parallel to the before-addressed straight line. In the second sub-case, it may,

e.g., be provided that the precursor optical structures from which material is removed

along said straight line, are arranged to form two straight lines usually parallel to the

before-addressed straight line. Applying the second sub-case, approximately twice as5

many resulting structures may be produced per time (or length of a line along which

material is removed) compared to the first sub-case.

If the precursor optical structures are present on a substrate wafer, it may be provided

that the substrate wafer is divided or separated (into separate parts) by the process in

which the material is removed from the precursor optical structures. But is is also10

possible to provide that the substrate wafer is not divided or separated (into separate

parts) by said process in which the material is removed from the precursor optical

structures, wherein it is even possible to provide that no material is removed from the

substrate wafer by the process in which the material is removed from the precursor

optical structures.15

As will become clear below, the third aspect of the invention (cf. below) may partially

be closely related to the above second case. It is partially possible to produce similar

structures, and it is partially possible to use identical processing steps and techniques.

Generally, a resulting structure (resulting from the removal of material) may be

identical with the passive optical component to be produced; or it may comprise the20

passive optical component to be produced and, in addition, additional material, in

particular a surrounding portion at least partially (typically laterally) surrounding the

passive optical component. This may in particular be the case when the precursor

optical structure already comprises a main portion and, in addition, a surrounding

portion at least partially surrounding the main portion. And this again may in particular25

be the case when manufacturing the precursor optical structures using embossing, and

when in the embossing not-hardened replication material (liquid, viscous or plastically

deformable hardenable material) is present between a replication tool and a substrate,
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and when the replication tool together with the substrate not fully enclose the replication

material, but form a volume open to the outside allowing replication material to spread

out of a volume portion in which said main portion will be formed and to an outside

volume portion where said surrounding portion will be formed. We refer to such a way

of carrying out replication as embossing with flow control, because for achieving5

desired replicas this way, it is important to carefully control the flow of replication

material during embossing. Note that in such a process, it usually applies that the main

portion and the surrounding portion are manufactured in one and the same process, and

that they are made of the same (replication) material and that they form a unitary part.

The above-described removal of material from a precursor optical structure comprising10

a main portion and a surrounding portion in many cases comprises both, removing

material from the surrounding portion and removing material from the main portion.

But it may also be the case that material is removed merely from the surrounding

portion, or that material is removed merely from the main portion. The latter can be the

case, e.g., when material is removed solely from an inner portion of the main portion15

(thus creating an inner edge); the before-last mentioned case may be used, e.g., for

producing a passive optical component which is surrounded to a smaller extent by the

surrounding portion than was the case for the precursor optical structure, wherein this

way, a modification of the passive optical component – such as for producing, by said

removal of material, a specially shaped passive optical component – is not achieved, in20

contrast to the other described ways of carrying out the first aspect of the invention, by

means of which this is possible.

The first aspect of the invention comprises in particular the following methods and

devices:

A method for manufacturing a device comprising an optical structure, said method25

comprising the steps of

a) providing a substrate on which a multitude of precursor optical structures is

present;
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b) removing material from each of said multitude of precursor optical structures.

And: The above method, wherein step b) comprises carrying out a processing step

along a line by which material is removed from a plurality of said multitude of

precursor optical structures, in particular wherein said line is a straight line.

And: One or both above methods, wherein step b) comprises producing an inner edge5

of said optical structure, in particular wherein said edge describes an elliptic line.

And: A device comprising a substrate and a passive optical component present on said

substrate, said passive optical component comprising an opening.

In a second aspect, the invention relates to sets of at least two passive optical

components each and to the manufacture of a set of at least two passive optical10

components, and more particularly to the manufacture of a multitude of such sets.

One object of the invention in its second aspect is to provide a new way of

manufacturing devices comprising at least two passive optical components, in particular

in mass production.

Another object of the invention in its second aspect is to provide miniaturized devices,15

in particular miniaturized optical modules.

In such a set of passive optical components, the positions of the passive optical

components of the set are mutually fixed. It has been found that it can be, in certain

applications, desirable to have two (or more) passive optical components arranged

particularly close to each other, in particular to have them arranged such that optical20

axes of the passive optical components are particularly close to each other. Depending

on the way of manufacture of the passive optical components, a standard way of

proceeding may not allow to achieve a desired nearness of the passive optical

components. The above-mentioned incorporated US provisional patent application with

serial number 61/577,965 describes examples where such a set of tightly arranged25

passive optical components can be advantageous to have, namely in a two-channel

device such as a proximity sensor.
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In a specific view, the second aspect comprises that the passive optical components of

the set are – or at least one of them is – manufactured using replication, more

particularly embossing, even more particularly embossing with flow control details of

which have been explained above in conjunction with the first aspect. In another,

though similar view, the second aspect comprises that at least one of the passive optical5

components of the set, in particular each of them, is comprised in an optical structure

comprising said passive optical component as a main portion and, in addition, a

surrounding portion at least partially surrounding the main portion. Such optical

structures have already been described above in conjunction with the first aspect of the

invention (cf. there for details). In a further view, the second aspect comprises that the10

passive optical components of the set are – or at least one of them is – manufactured

using replication. Replication, in particular in combination with recombination is known

in the art and described, e.g., in WO 2007/140 643 A1, cf. there for details. As to the

terminology concerning replication and recombination: A master is a positive, i.e. it

represents a structure to be finally obtained (referred to as final replica), e.g., a master15

lens or a master wafer, the latter comprising a multitude of structures each representing

the structure to be finally obtained. A tool, on the other hand, is a negative, i.e. it

represents a negative of structure to be finally obtained, e.g., a recombination tool or a

replication tool, the latter usually comprising a multitude of structures each representing

a negative of the structure to be finally obtained, i.e. a negative of a final replica. Thus,20

a replication tool can be, in many cases throughout the present application, wafer-level

replication tool. A recombination tool is used to replicate, in a multitude of replication

steps, a set of one or more structures a multitude of times on a substrate; in this way, a

master wafer may be obtained. These explanations ot terms apply to any aspect of the

invention.25

A first sub-aspect of the second aspect relates to a tool (more specifically to a

recombination tool or possibly also to a “final” replication tool) and its use, more

specifically its use for manufacturing sets of two or more passive optical components, in

particular where at least one of the passive optical components (in particular each of
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them) is a truncated passive optical component such as a plan-convex spherical lens

with a non-circular lens aperture. The tool is obtained by removing material from a

precursor tool (at its surface used for replication, referred to as replication surface). This

is remarkable since, from the above-cited prior art document WO 2009/023465 A2, it is

known to use molds providing effectively a volume defined by its replication surface5

which is smaller than a volume it would have if it were made for obtaining a respective

not-truncated passive optical component. In other words, from prior art, it is known to

use a tool which would be obtainable by adding material to the tool (with respect to a

tool for obtaining a respective not-truncated passive optical component), in contrast to

the here-proposed tool obtained or at least obtainable by removing material from a10

precursor tool. In particular, a logical interconnection between the proposed tool and its

precursor tool is that by carrying out a replication step using the proposed tool, a

passive optical component may be obtained which is obtainable by truncating a passive

optical component obtainable by carrying out a replication step using the precursor tool.

For said removal of material, various techniques may be applied, in particular15

 sawing, e.g., using a dicing saw such as dicing saws used for separating (dicing)

semiconductor wafers;

 laser cutting;

 laser ablation;

 water jet cutting;20

 milling;

 micro-machining;

 microtoming;

 cutting using a blade;

 punch cutting (using a punch cutter).25
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Particularly useful appear to be laser cutting and cutting using a blade. They are well

controllable techniques allowing to create well-defined cutting surfaces in a predictable

way.

There are at least three remarkable ways of realizing the first sub-aspect.

In a first way of realizing the first sub-aspect, a first precursor tool and a second5

precursor tool are manufactured. Then, material is removed at least from the first

precursor tool, usually also from the second precursor tool, and the two so-obtained

tools are combined to become the sought tool (recombination tool or “final” replication

tool), e.g., by mechanically fixing them with respect to each other such as by fixing

them to a common holder or substrate. In case material is removed from the first and10

from the second precursor tool by producing an (outer) edge in each of them, the so-

obtained tools can in particular be fixed relative to each other in such a way that the

respective edges face each other. Said produced edge may be, e.g., curved or, rather,

straight. The finally obtained tool can allow to produce a set of two passive optical

components (such as two lenses) in a single embossing step, in particular wherein the15

two passive optical components may be located particularly close to each other.

If the finally obtained tool is a recombination tool, it can be used for manufacturing, in

N recombination steps (embossing steps), a master wafer comprising a multitude of N

sets of shapes for two passive optical components, in particular wherein the two shapes

for the passive optical components may be located particularly close to each other. The20

master wafer can be used for manufacturing, in a single embossing step, a (wafer-level)

replication tool for hence manufacturing, in a single embossing step, a replica of N of

said sets of passive optical components on one wafer which thereafter will usually be

separated into N parts, each part usually comprising one set of said passive optical

components.25

If the finally obtained tool is a “final” replication tool, it can be used for manufacturing,

in a single embossing step, a final replica, i.e. one set of passive optical components.

This embossing may be carried out repeatedly on one wafer which thereafter will
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usually be separated into a multitude of parts, each part usually comprising one set of

passive optical components.

It is readily understood that this idea can simply be generalized to three or four or

possibly even more precursor tools, in case sets of three or four or more (close-by)

passive optical components shall be manufactured.5

Note that making use of this first way of realizing the first sub-aspect, two or more, in

particular all of the passive optical components of a set (and, correspondingly, two or

more, in particular all of the respective tool constituents of the final tool) may, in

general, be differently shaped; but they may, however, also be identically shaped.

In a second way of realizing the first sub-aspect, a precursor tool suitable for10

manufacturing a single passive optical component in one embossing step is

manufactured and then, material is removed from that precursor tool. The so-obained

tool is then used for manufacturing one or more sets of passive optical components

(each set comprising two or more passive optical components). Two or more of the

passive optical components of a set will thus be usually identically shaped, typically all15

of them. In order to obtain a single set of passive optical components, the tool is used at

least twice, more particularly, it is applied in at least two successive embossing steps.

In case material is removed from the precursor tool by producing an (outer) edge (e.g.,

curved or, rather, straight), the so-obtained tool can in particular be used for a first

passive optical component of a set in a different rotational orientation than for a second20

passive optical component of the same set. Said rotational orientation refers to a rotation

about a vertical axis, said axis usually coinciding with an axis along which a movement

of the tool during embossing is accomplished. It can, in particular be advisable to

harden, e.g., cure, the replication material between an embossing step for manufacturing

a first passive optical component of a set and an embossing step for manufacturing a25

second passive optical component of a set. More particularly, replication material of a

first passive optical component of a set is hardened before applying replication material

for a second passive optical component of a set. E.g., if a set of two (a first and a
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second) passive optical components shall be manufactured, the sequence of steps may

be selected as follows:

 applying (on a substrate) replication material for the first passive optical

component;

 embossing the tool, in a first rotational orientation, in the replication material;5

 hardening the replication material;

 removing the tool;

 applying (on the substrate) replication material for the second passive optical

component;

 embossing the tool, in a second rotational orientation (different from the first10

rotational orientation), in the replication material;

 hardening the replication material;

 removing the tool.

This way, a set of two passive optical components may be produced which are located

particularly close to each other.15

The first and second rotational orientations may in particular be rotated 180° (e.g., ±15°

or even ±5°) with respect to each other; e.g., in such a way that respective edges

produced by removal of material face each other.

If N such sets shall be manufactured, one can, e.g., repeat the first four steps N times,

thus manufacturing the first passive optical components of the N sets, and then repeat20

the second four steps N times, thus manufacturing the second passive optical

components of the N sets. Or, the sequence of the eight steps can be repeated N times.

If the tool is a recombination tool, it may be used for manufacturing a master wafer

comprising a multitude of N sets of M passive optical component in N times M

embossing steps, in particular wherein the M passive optical components of a set may25
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be (in particular at least pair-wise) located particularly close to each other. The master

wafer may be used as described above (cf. the above-described first way), for

manufacturing final replicas.

If the obtained tool is a (final) replication tool, it can be used for manufacturing, in M

embossing steps, a replica of one set of M passive optical components. The embossing5

may be done repeatedly on one wafer which thereafter will usually be separated into a

multitude of parts, each part usually comprising one set of passive optical components.

In a third way of realizing the first sub-aspect, a precursor tool suitable for

manufacturing a set of two or more passive optical components in one embossing step is

manufactured and then, material is removed from that precursor tool. In particular, the10

precursor tool may form – at least where it forms its replication surface – a unitary part.

The so-obtained tool is then used for manufacturing one or more sets of passive optical

components comprising two or more passive optical components each. It can be used

for manufacturing a master wafer (by recombination), or for directly obtaining final

replicas by replication, in particular by embossing.15

The obtained tool may furthermore be used in any way described above for the first way

of carrying out the first sub-aspect.

The precursor tool may, in general (and not limited to a specific way of carrying out the

first sub-aspect of the second aspect of the invention) be manufactured in any known

way, but more specifically, it may be manufactured using replication using a master20

forming, at least in part, the shape of one set of passive optical components to be

manufactured. Such a master may be manufactured, e.g., using milling, micro-

machining or laser ablation. A master may in particular be of rotational symmetry, at

least where it forms its replication surface. A master may be, at least where it forms its

replication surface a unitary part, or at least a contiguous part. But, it is also possible to25

provide that the master is composed of two or more precursor masters, typically one per

passive optical component to be comprised in a set. E.g., such precursor masters may be

fixed with respect to each other, such as by fixing them on a common substrate or a



- 19 -

common holder. Diamond turning can be, besides the above-mentioned techniques, a

suitable choice for manufacturing a precursor master. It is possible to provide, in

particular if the final replicas of a set shall be, at least in part, very close to each other,

that material is removed from one or more precursor masters before forming the master,

e.g., using one or more of laser cutting, sawing, microtoming, micro-machining.5

An example: For manufacturing sets of two identical truncated plane-convex spherical

lenses, two precursor masters are manufactured, e.g., using diamond turning, each

describing – at least in the region where it forms its respective replication surface – the

shape of a convex spherical lens. Forming a flat surface, a portion of each of the

precursor masters is removed, e.g., by laser cutting, wherein that cut may cut through10

the spherical portion of the respective master. Then, the precursor masters are attached

to each other at their respective flat faces, or they are fixed to a (laterally extended)

substrate, with no distance or with a non-zero distance between the flat surfaces. By

embossing the so-obtained master in replication material and hardening, the sought

precursor tool can be obtained – from which, then, material is removed in the region of15

the flat surfaces in order to obtain the (sought) tool.

Note that in any of the three described ways, a precursor tool may be manufactured by

replication (in particular by embossing) using a master, the master, e.g., master lens,

may be manufactured using diamond turning and/or other techniques, as mentioned else

where in the description. The master may have – at least substantially (in the region20

where it forms its replication surface) – a rotational symmetry (with respect to a vertical

axis). E.g., the master may comprise a main portion having an at least substantially

spherical shape. And it may comprise a surrounding portion at least partially

surrounding the main portion which may also have a rotational symmetry. Alternatively,

the precursor tool might be manufactured otherwise, i.e. without use of a master, e.g.,25

by one or more of diamond turning, micro-maching, milling, laser ablation.

A second sub-aspect of the second aspect relates to a master and its use, more

specifically its use for manufacturing sets of two or more passive optical components, in
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particular where at least one of the passive optical components (in particular each of

them) is a truncated passive optical component. The master is obtained by adding

material to a precursor master (at its replication surface). The added material will thus

contribute to the master’s replication surface. Although the presently described second

sub-aspect is of particular interest for finally producing (sets of) passive optical5

components located particularly close to each other, it can also be valuable otherwise,

e.g., for manufacturing single passive optical components, in particular truncated

passive optical components such as truncated lenses.

The added material usually forms a protruding portion of the master.

The so-obtained master can then be used for manufacturing a tool which again can be10

used for either directly manufacturing the sought passive optical components (i.e. the

final replicas), or rather for manufacturing a master wafer (by using the tool as

replication tool). The master wafer can be used for manufacturing a replication tool, and

the passive optical components to be finally manufactured, i.e. the final replicas, can

then be obtained using the replication tool, for obtaining a multitude of passive optical15

components in a single embossing step.

By means of the addition of the material to the precursor master, the presence of an

empty volume portion in a manufactured tool or final replica can be ensured. In a tool,

this can correspond to the empty volume produced by removing material from a tool as

described for the first sub-aspect of the second aspect of the invention.20

The precursor master may be manufactured, e.g., using diamond turning, wherein

diamond turning, however, is suitable mainly for roationally symmetric bodies, i.e. for

percursor masters having – at least where the replication surface is formed – rotational

symmetry. In case of the below-described second way of proceeding, diamond turning

may be particularly suitable. Other techniques usable for manufacturing a precursor25

master are, e.g., micro-machining, milling, etching, laser ablation. These may be

particularly suitable in case of the first way of proceeding described below.
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Note that one or more techniques may be combined in the manufacture of a precursor

master.

Furthermore, in particular in case of the below-described first way of proceeding, the

precursor master may be composed of two or more precursor sub-masters, each

describing, at least in part, a shape of one passive optical component and obtained5

using, e.g., diamond turning, possibly with a subsequent removal of material, and

wherein the sub-precursor masters are fixed relative to each other, so as to form the

precursor master.

In a first way of proceeding, the master is used for manufacturing a tool for

manufacturing, in a single replication step, a set of two or more passive optical10

components. Such a tool can then be proceeded with like with a tool as obtained like

described for the first way of carrying out the first sub-aspect of the second aspect (cf.

above).

In a second way of proceeding, the master is used for manufacturing a tool for

manufacturing, in a single replication step, a single passive optical component only.15

Such a tool can then be proceeded with like with a tool as obtained like described for

the second way of carrying out the first sub-aspect of the second aspect (cf. above).

A third sub-aspect of the second aspect of the invention relates to a master and its use

for manufacturing sets of two or more passive optical components, in particular where

at least one of the passive optical components (in particular each of them) is a truncated20

passive optical component. The master is, at least in the region where it forms its

replication surface, unitary part, or at least a contiguous part. The master may be

obtained using at least one of, e.g., micro-machining, milling, etching, laser ablation, in

particular starting from an integrally formed body or processing in the described way an

integrally formed body. The master can more precisely be shaped such that by means of25

a tool obtainable by replicating (in particular embossing) the master (in particular doing

so only once), a master wafer and/or a final replica can be obtained without adding

material to the tool or removing material from the tool in the region where the tool
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forms its replication surface. The master may, in particular, describe, where it forms its

replication surface, at least in part, surfaces of each of said passive optical components

of said set of passive optical components and, in addition, at least one protruding

portion protruding therefrom. Said protruding portion may in particular be arranged

between adjacent ones of the passive optical components.5

If the master is used for manufacturing a tool by replication, in particular by embossing,

it may be continued by manufacturing a master wafer using recombination (using

embossing) using the tool (as recombination tool), and subsequently manufacturing a

replication tool (using embossing) using the master wafer, and the final replicas are then

manufactured using replication (again in particular embossing) with the replication tool,10

usually subsequently applying a separation step for singularizing the sets of passive

optical components – e.g., it can be continued like in a way described elsewhere in the

present patent application, e.g., for the second sub-aspect of the second aspect of the

invention.

In the third sub-aspect, it can in particular be provided that at least one, in particular all15

of the passive optical components of a set are comprised in one optical structure each,

such an optical structure comprising the respective passive optical component as a main

portion and, in addition, a surrounding portion (laterally) at least partially surrounding

the main portion. In that case, it can in particular be provided that the surrounding

portions of at least two of the optical structures of one set overlap or partially coincide,20

wherein the corresponding passive optical components may be overlapping or, rather be

distinct.

A fourth sub-aspect of the second aspect relates to a master and more particularly to its

use for manufacturing sets of two or more passive optical components, in particular

where at least one of the passive optical components (in particular each of them) is a25

truncated passive optical component. Firstly, only a portion of a tool is manufactured

using the master, and subsequently thereto, usually after hardening that portion of the

tool, a further portion of the tool is manufactured, either using the same master, or using
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a second master which may be identically shaped as the other master or differently

shaped, but usually substantially shaped like the other master. This may be

accomplished analogously to what has been described above for using tools and the

manufacture of final replicas or master wafers, for the case of carrying out the first sub-

aspect in the the second way.5

The master may generally be shaped and composed, e.g., as descibed in the second or in

the third sub-aspect above. The master may be obtained using at least one of, e.g.,

diamond turning, micro-machining, milling, etching, laser ablation, in particular starting

from an integrally formed (ot at least contiguous) body or processing in the described

way an integrally formed body. Material may be removed from a so-obtained precursor10

master and/or added thereto.

More specifically, the following may be provided: The master forms (where it forms its

replication surface), at least in part, the shape of one passive optical component of the

set of passive optical components to be manufactured. The master is embossed into

replication material applied to a substrate, which then is hardened before removing the15

master. Thus, a portion of the tool is manufactured. Then, further replication material is

applied to the substrate, and the same master or – in particular if not all passive optical

components of the set shall be identically shaped – another master is embossed therein.

Then, the further replication material is hardened and subsequently, the secondly

applied master is removed. Further embossing steps using one or both of the before-20

mentioned masters or another master may be applied in case the sets of passive optical

components to be manufactured comprise more than two passive optical components

each. If one and the same master is used in two embossing steps during manufacture of

the tool, the master can in particular be used in different rotational orientations during

these, e.g., rotated by at least approximately 180° about a vertical axis (“vertical”25

referring to a direction perpendicular to the surface of the substrate on which the

replication material is applied).
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The second aspect of the invention comprises in particular the following methods and

devices:

A method for manufacturing a device comprising a set of at least two passive optical

components, said method comprising the steps of

A) using a tool obtainable by carrying out tool manufacturing steps, said tool5

manufacturing steps comprising the steps of

i) manufacturing a precursor tool having a replication surface;

ii) modifying said replication surface by removing material from said

precursor tool.

And: The above method, wherein said tool manufacturing steps comprise the steps of10

i1) manufacturing a first precursor tool having a first replication surface;

i2) manufacturing a second precursor tool having a second replication

surface;

ii1) modifying said first replication surface by removing material from said

first precursor tool; and optionally15

ii2) modifying said second replication surface by removing material from

said second precursor tool.

And: One or both of the above methods, wherein said tool manufacturing steps

comprise the steps of

i1) manufacturing a first precursor tool having a first replication surface;20

i2) manufacturing a second precursor tool having a second replication

surface;

ii1) modifying said first replication surface by removing material from said

first precursor tool; and optionall
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ii2) modifying said second replication surface by removing material from

said second precursor tool.

And: One or both of the above two first-cited methods for the second aspect, wherein

step A) comprises carrying out, in the presented order, the steps of

r0) providing a substrate;5

r11) moving said substrate and said tool towards each other with a first

portion of a replication material between them;

r12) hardening said first portion of replication material;

r13) moving said substrate and said tool away from each other, said hardened

first portion of replication material remaining in a first location of said10

substrate;

r21) moving said substrate and said tool towards each other with a second

portion of a replication material between them;

r22) hardening said second portion of replication material;

r23) moving said substrate and said tool away from each other, said hardened15

second portion of replication material remaining in a second location of

said substrate, wherein said first location is different from said second

location.

And: One or both of the above two first-cited methods for the second aspect, wherein

said tool manufacturing steps comprise the steps of20

 providing one or more masters;

 manufacturing, using replication, said precursor tool using said one or more

masters;

in particular wherein at least one of
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 said precursor tool is, at least where it forms its replication surface, made of a

replication material;

 said precursor tool forms, at least where it forms its replication surface, a

contiguous part, in particular a unitary part;

 the replication surface of the precursor tool has a shape describing the negative5

of at least a portion of a first and of at least a portion of a second passive optical

component of said passive optical components of said set.

And: A tool for manufacturing, by replication, truncated passive optical components,

wherein each of said truncated optical components is a passive optical component

having a shape obtainable from a precursor passive optical component by truncation10

creating an edge and an edge surface adjacent to said edge, said tool comprising a

replication surface, said replication surface having a shape not describing said edge

surface.

And:  A method for manufacturing, by replication, N ≥ 1 sets of M ≥ 2 optical structures 

each, said method comprising the steps of15

 providing a substrate;

 providing a tool for manufacturing, by replication, a first of said M optical

structures of such a set;

 manufacturing, by replication using said tool, N of said first optical structures on

said substrate; and subsequent thereto20

 manufacturing, by replication using said tool or a different tool, N of said second

optical structures on said substrate;

in particular wherein for each of said sets, said first and second optical structures

coincide partially or overlap.
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And: A method for manufacturing a device comprising a set of at least two passive

optical components, said method comprising the steps of

B) using a master obtainable by carrying out master manufacturing steps, said

master manufacturing steps comprising the steps of

j) providing, in particular manufacturing, a precursor master having a5

replication surface;

jj) modifying said replication surface by adding material to said precursor

master.

And: A master for manufacturing, by replication, truncated passive optical components,

wherein each of said truncated optical components is a passive optical component10

having a shape obtainable from a precursor passive optical component by truncation

creating an edge and an edge surface adjacent to said edge, said master comprising a

replication surface, said replication surface comprising a first portion describing a shape

corresponding to the shape of a portion of said truncated passive optical component not

comprising said edge surface, wherein at least one of15

 said replication surface has a shape not describing said edge surface;

 said master comprises, adjacent to said first portion of the replication surface, a

protruding part protruding from said first portion of the replication surface;

in particular wherein said precursor passive optical component has an at least mirror-

symmetric shape (in particular an at least two-fold mirror symmetric shape) and, more20

particularly a rotationally symmetric shape.

And: A method for manufacturing a device comprising a set of at least two passive

optical components, said method comprising the step of

C) using a master comprising a replication surface comprising, for each of said

passive optical components, a first portion describing a shape corresponding to25

the shape of at least a portion of the respective passive optical component, said
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master comprising, in addition, at least one protruding portion protruding from at

least one of said first portions of said replication surfaces.

And: A method for manufacturing a device comprising a set of at least two passive

optical components, said method comprising the steps of

D) using a tool obtained by carrying out tool manufacturing steps, said tool5

manufacturing steps comprising the steps of

D1) providing a substrate;

D2) providing one or more masters each having a replication surface;

D31) moving said substrate and a first of said one or more masters towards

each other with a first portion of a replication material between them;10

D32) hardening said first portion of replication material;

D33) moving said substrate and said first master away from each other, said

hardened first portion of replication material remaining in a first location

of said substrate;

D41) moving said substrate and a second of said one or more masters identical15

with or different from said first master towards each other with a second

portion of a replication material between them;

D42) hardening said second portion of replication material;

D43) moving said substrate and said second master away from each other, said

hardened second portion of replication material remaining in a second20

location of said substrate, wherein said second location is different from

said first location.

In a third aspect, the invention relates to sets of at least two optical structures each and

to the manufacture of a set of at least two optical structures, and more particularly to the

manufacture of a multitude of such sets. Therein, each optical structure comprises a25
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main portion comprising a passive optical component and, optionally, a surrounding

portion surrounding the main portion. More particularly, it relates to ways of removing

optical connections between optical structures of such a set, e.g., for avoiding undesired

light paths, such as avoiding that light having entered a first of the optical structures of

the set (and in particular its respective passive optical component) enters a second of the5

optical structures of the set (and in particular its respective passive optical component).

One object of the invention in its third aspect is to provide a way of manufacturing

optical modules with sets of two or more passive optical components for use in multi-

channel optical devices in which the passive optical components of a set are distributed

over two or more of the channels, in particular a way of manufacturing said optical10

modules in such a way that adjacent optical channels are optically well separated.

Another object of the invention in its third aspect is to provide a way of manufacturing

devices in which adjacent optical channels are well separated.

It has been found that it can be desirable to avoid the presence of undesired light paths

like those described above, in particular if a manufactured set of optical structures is15

used in a multi-channel optical module or device. Cross-talk between channels may be

avoidable by removing material of one or both of the optical structures, more

particularly by removing material between respective passive optical components.

The third aspect of the invention can be useful in particular when applied to or in

conjunction with sets of optical structures and sets of passive optical components,20

respectively, as they have been described for the first and/or in the second aspect of the

invention. A processing according to the third aspect may be considered and/or used as

a post-processing step, a processing applied for refining the objects and devices

described for the first and/or second aspect of the invention.

During manufacture of a set of optical structures, in particular if the respective passive25

optical components have to be particularly close to each other, it may happen that

material of a first of the optical structures is in direct physical contact with material of a

second of the optical structures, e.g., their respective surrounding portions may overlap.
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Or, the optical structures are distant from each other, but so close that undesired

propagation of light from a first to a second of the optical structures is possible (to an

unacceptably high extent).

Partially or fully removing material of one or two close-by, adjacent or even

overlapping optical structures may effect a desired optical separation of the optical5

structures and, more particularly of the respective passive optical components. This can

be particularly useful if the third aspect of the invention is applied to multi-channel

optical devices, more particularly when passive optical components of one set are

distributed among two or more corresponding optical channels.

E.g., every set may comprise two optical structures each of which comprises a passive10

optical component and a surrounding portion surrounding the respective passive optical

component, in particular wherein the two surrounding portions overlap in the region

where the two passive optical components are closest to each other, and the two passive

optical components are assigned to different optical channels of, e.g., a proximity sensor

or an array camera. In the region of said overlap, material is removed from both optical15

structures (more specifically from both surrounding portions), so as to suppress or at

least (strongly) reduce an optical interconnection (through material of the optical

structures) between the passive optical components of the set (and, finally, between the

optical channels). Thus, an optical separation or at least an improved optical separation

of the optical channels can be achievable.20

In a slightly different view, the removal of material is accomplished because shape or

constitution of material to be removed (in particular in a region where acjacent optical

structures are closest to each other, in particular overlapping) is not well-defined (or ill-

defined), in particular in that said shape or constitution is not sufficiently well

reproducible during the manufacture. Badly defined areas may lead to badly defined25

optical properties, and this usually is undesired to have. The removal of material can

solve that problem by producing sufficiently well defined and reproducible conditions.
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Usually, said optical structures are present on one common substrate. That common

substrate usually is a wafer. The substrate can in particular be a wafer as obtained in one

of the ways described concerning the first and/or, more importantly, concerning the

second aspect of the invention. E.g., sets of two or more optical structures each, each

optical structure comprising a passive optical component, can be manufatured by5

replicating, in particular embossing, a (wafer-level) replication tool, wherein the

replication tool may have been obtained by replicating, in particular embossing a

(wafer-level) master wafer, and said master wafer may have been obtained by

recombination (using embossing) using a recombination tool obtained by replicating a

master which again may have been manufactured, not by replication, but, e.g., by10

removing material from a body by diamond turning, laser ablation, micromachining,

milling, or etching.

Removing material optically interconnecting optical structures of a set may be

accomplished particularly efficiently when carried out on wafer level. In particular, this

can allow to remove material of a plurality of optical structures in a single processing15

step. Removing the material can in particular be accomplished along a line, more

particularly such that material of optical structures of a plurality of sets is removed

along said line. Considering the manufacture of particularly shaped passive optical

components described above in the first aspect of the invention, it must be noted that

techniques and the ways of applying the techniques as described for the first aspect of20

the invention (cf. above) can also be applied here, in case of the third aspect of the

invention.

In particular, for example, one or more of the following techniques may be used for the

removal of material: sawing (in particular using a dicing saw), laser cutting, laser

ablation, micro-machining, milling. Whereas the other mentioned techniques are quite25

well suitable for removing material also along curved lines, sawing is mainly suitable

for removing material also along straight lines. But even though it would be generally

possible to remove (also) material of the passive optical components themselves, it is, in

the presently described third aspect of the invention, usually envisaged to not change
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the shape of the passive optical components, but only of further material present

between them such as material of surrounding portions.

Provided the optical structures are present on a (common) substrate, it can be

particularly useful to not penetrate the substrate during said removal of material of the

optical structures. This way, the substrate can (continue to) function so as to ensure a5

precise alignment and relative positioning of the optical structures (and corresponding

passive optical components) of a set. In particular, it can be provided, e.g., by adjusting

manufacturing parameters accordingly, that the removal of the material is accomplished

from that side of the substrate on which the optical structures are present and to a depth

along a vertical coordinate of at most a maximum depth and at least a minimum depth;10

in particular, wherein said depth is zero at the surface of the substrate on which the

optical structures are present and has positive values within the substrate (and,

accordingly, negative values above the substrate where the optical structures are

located). Corresponding maximum depths can be, e.g., 50 µm or, more particularly

20 µm, and corresponding minimum depths can be, e.g., -50 µm or, more particularly15

-20 µm. The more negative the depth, the thicker the remaining material of the optical

structure, which may still admit some amount undesired light propagation. The larger

the depth, the more material is removed from the substrate, which creates undesired

amounts of debris and may reduce the mechanical stability of the substrate. If, e.g., a

dicing saw is used, the height of the blade of the dicing saw with respect to the surface20

of the substrate on which the optical structures are present may be adjusted (preset) to

0 µm or a value between -15 µm and 15 µm. Assuming a certain height (depth)

tolerance (reproducibility) of the dicing saw amount to t µm, the finally produced

depths will lie in a range of twice this tolerance centered about the preset depth. In

addition, effects of a non-straight profile of the blade may add up – we shall, per25

default, consider the mean position between minimum and maximum position of the

blade profile as a reference for the depth.

Considering carrying out the removal of material along a line, as described above, this

removal of material may also be considered or referred to as trenching, i.e. as producing



- 33 -

a trench, more particularly a trench between neighboring optical structures of a set.

Even though this term may apply better when the above-defined depth has positive

values, it shall refer to zero and negative depth values as well.

The width (along a lateral direction, perpendicular to the extension of the line) across

which material is removed typically ranges between 20 µm to 400 µm and more5

particularly between 40 µm to 200 µm.

The third aspect of the invention comprises in particular the following methods:

A method for manufacturing a device comprising a set of M ≥ 2 optical structures, said 

method comprising the steps of

E) providing a substrate on which a set of M precursor optical structures is present;10

F) removing, while said precursor optical structures are present on said substrate,

material from at least a first of said precursor optical structures;

wherein by step F), said substrate is not divided into separate parts.

And: The above method, wherein step F) is carried out along a line.

And: One or both of the above methods, wherein said first of said M precursor optical15

structures comprises a precursor passive optical component and, in addition, a

surrounding portion at least partially surrounding said precursor passive optical

component.

Note that the above-described aspects (and sub-aspects) of the invention may be

combined with each other. Several examples for possible combinations have already20

been mentioned in the above text.

It is to be noted that the invention comprises device with features of corresponding

methods according to the invention, and, vice versa, also methods with features of

corresponding devices according to the invention.
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The advantages of the devices basically correspond to the advantages of corresponding

methods, and, vice versa, the advantages of the methods basically correspond to the

advantages of corresponding devices.

Note that therein, said devices can be whatever object described above, not only what is

explicitely referred above to as devices, e.g., also what is referred to above as master or5

tool.

Further embodiments and advantages emerge from the claims and the figures.

Brief Description of the Drawings10

Below, the invention is described in more detail by means of examples and the included

drawings. The figures show schematically:

Fig. 1 an illustration of manufacturing optical structures by replication and

recombination;15

Fig. 2 a illustration of a wafer-level method for modifying optical structures, in

a top-view;

Fig. 3 a illustration of a wafer-level method for modifying optical structures, in

a top-view;

Fig. 4 a illustration of a wafer-level method for modifying optical structures, in20

a top-view;

Fig. 5 an optical structure in two views;

Fig. 6 an optical structure in a top view;

Fig. 7 an optical structure in a top view;
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Fig. 8 an optical structure in a top view;

Fig. 9 an optical structure in a top view;

Fig. 10 an optical structure in a top view;

Fig. 11 an optical structure in a cross-sectional view;

Fig. 12 optical structures in a cross-sectional view;5

Fig. 13 an optical structure in a cross-sectional view;

Fig. 14 an optical structure in two views;

Fig. 15 an optical device comprising two optical structures, in two views;

Fig. 16 an optical device comprising two optical devices, in a cross-sectional

view;10

Fig. 17 a illustration of a wafer-level-suitable method for modifying optical

structures, in two views;

Fig. 18 a illustration of close-by passive optical components, in a cross-sectional

view;

Fig. 19 an illustration of close-by truncated passive optical components, in a15

cross-sectional view;

Fig. 20 an illustration of a method for removing material of optical structures of

an optics wafer, using a dicing saw, in a cross-sectional view;

Fig. 21 an illustration of a wafer comprising a multitude of sets of optical

structures, in a top view;20

Fig. 22 an optical structure comprising a passive optical component, in a cross-

sectional view;

Fig. 23 a precursur tool, in a cross-sectional view;
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Fig. 24 an optical structure comprising a truncated passive optical component, in

a cross-sectional view;

Fig. 25 a tool, in a cross-sectional view;

Fig. 26 an illustration of replication, in a cross-sectional view;

Fig. 27 a composed tool, in a cross-sectional view;5

Fig. 28 an illustration of a precursor master, in a cross-sectional view;

Fig. 29 an illustration of a precursor master with removed material, in a cross-

sectional view;

Fig. 30 an illustration of a master with a protruding part, in a cross-sectional

view;10

Fig. 31 an illustration of a precursor master, in a cross-sectional view;

Fig. 32 an illustration of a precursor master with removed material, in a cross-

sectional view;

Fig. 33 an illustration of a master with a protruding part, in a cross-sectional

view;15

Fig. 34 an illustration of a master for two passive optical components, with a

protruding part, in a cross-sectional view;

Fig. 35 a not-to-scale strongly schematized illustration of a top-view onto a

master similar to the one of Fig. 34;

Fig. 36 an illustration of a master for two passive optical components, with a20

protruding part, in a cross-sectional view;

Fig. 37 a two-channel optical module, in a perspective view;

Fig. 38 a device comprising a two-channel optical module of Fig. 37, partially in

a cross-sectional view.
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Fig. 39 an illustration of a way of manufacturing a master wafer, in a cross-

sectional view;

The described embodiments are meant as examples and shall not confine the invention.

5

Detailed Description of the Invention

Fig. 1 is a very schematic illustration of a way of manufacturing optical structures by

replication, mainly for clarifying the used terminology. The partial images are vertical

cross-sections. Where coordinates x, y, z are illustrated in any of the Figures, x and y10

denote lateral directions, whereas z denotes a vertical direction. Shapes illustrated in

Fig. 1 are strongly schematized, and for replication processes discussed further below,

specific shapes and details might be required, which are not drawn in Fig. 1.

Initially, a master M is provided, e.g., by diamond turning or micromachining.

Replicating the master M results in a tool T. In the next step, tool T is used as a15

recombination tool, creating, on a substrate S1 a multitude of replicas, such that a

master wafer MW is obtained. Master wafer MW can also be referred to as sub-master

or wafer-level master.

Thus, from replication material r such as a hardenable in particular curable material

such as a UV or heat curable epoxy resin, a number of structures are formed on20

substrate S1, which may be distant from each other separated by a gap g, or (not shown)

may overlap or partially coincide. Furthermore, the structures may comprise a main

portion m each and a surrounding portion s surrounding the respective main portion.

In a next step, using replication, a replication tool R, also referred to as wafer-level tool,

is obtained, namely by replicating master wafer MW on a substrate S2. Using this25

replication tool R in a replication process then results in a wafer comprising a multitude
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of final replicas F on a substrate S3, wherein each of these may, as illustrated in Fig. 1,

comprise a main portion m and a surrounding portion s. The final replicas F can in

particular be optical structures 50, e.g., wherein each of said main portions is a passive

optical component and more particularly a lens such as a plane-convex refractive lens.

The replication material r for the optical structures will, at least for transparent passive5

optical components, be a transparent one.

In a subsequent step, separation takes place, e.g., using a dicing saw, so as to obtain

separate optical structures 50 or separate sets of two or more optical structures. Dicing

lines are denoted by d.

The substrates S1, S2, S3 can be, e.g., blank wafers (e.g., glass or polymeric), wherein10

at least substrate S3 in this case would be a transparent wafer. Substrates with

transparent portions and one or more (non-transparent) blocking portions are described

further below and, in more detail, in particular concerning their manufacture, in the

before-mentioned and incorporated US provisional patent application with serial

number 61/577,965 to which it is hereby explicitely referred.15

It is, considering the method illustrated in Fig. 1, in general also possible to directly

manufacture final replicas using the tool T. And it is furthermore also, in general,

possible to introduce another generation, such as to produce a second-generation master

wafer using the replication tool R and, using that second-generation master wafer,

producing a second-generation replication tool using that second-generation master20

wafer. Final replicas are then made using that second-generation master wafer. It is

therein also possible to provide that the second generation master wafer and replication

tool are larger (as to their lateral area) than those of the previous generation, having

provisions for a multiple of optical structures (and passive optical components)

compared to the previous generation. And it is also possible to manufacture, as a first25

step, a tool instead of a master, e.g., using diamond turning or micromaching and start

replication from that point.
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It is, using the described technique, possible to create various miniaturized passive

optical components such as prisms or curved mirrors (usually requiring a coating step)

and in particular various lenses, concave, convex and diffractive ones and others.

In the following, various ways of modifying, in particular shaping optical structures

shall be described, wherein this may in particular take place on a substrate on which5

many optical structures are present, e.g., on a wafer with final replicas F like obtained

and illustrated in Fig. 1.

Fig. 2 illustrates, in a top-view, a portion of a wafer for illustrating a wafer-level method

for modifying optical structures 50. On the wafer, a multitude of precursor optical

structures 5 having a circular aperture are present. By dicing along (relatively broad)10

dicing lines d, material is removed from the precursor optical structures 5, thus

effeecting a smaller aperture of these. The precursor optical strucures 5 may, e.g., be or

comprise spherical lenses having a circular lens aperture (which may apply also to other

illustrated cases). By the processing, material 59 is removed from the precursor optical

structures 5, such that the so-obtained lenses have a lens aperture describing a truncated15

circle, truncated along a straight line.

Dicing along other dicing lines such as dicing lines d’ may take place, too, for

separating the optical structures.

Note that lines 99 along which material is removed are not lines in the mathematical

sense having no width, but they have a width.20

In the case illustrated in Fig. 2, a line 99 along which material is removed from the

precursor optical structures 5 coincides with a dicing line d. This can be a very efficient

process. The illustrated process is particularly efficient also for the reason that precursor

optical structures present on both sides of line 99 are processed, in the illustrated case

even simultaneously.25

Fig. 3 is an illustration, in a top-view, of another wafer-level method for modifying

optical structures. In this case, removal of material of the precursor optical structures 5
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does not coincide with cutting through the substrate (dicing), and line 99 along which

material is removed from the precursor optical structures 5 does not coincide with

dicing lines d or d’.

In Figs. 2 and 3, the non-shaded portions of precursor optical structures 5 indicate the

(aperture) shape of the so-obtained optical structures 50 such as, e.g., truncated lenses.5

Fig. 4 is another illustration, in a top view, of a wafer-level method for modifying

optical structures. In this case, the line 99 is not a straight line, but it is curved. This

may be accomplished, e.g., using laser cutting or laser ablation. The resulting optical

structures 50 may thus have rather peculiar apertures.

Fig. 5 illustrates an optical structure 50 obtainable in such a way (cf. Fig. 4), in two10

views; on top in a cross-sectional view and below in a(lateral) top view. The precursor

optical structure may in this case have been a spherical plane-convex lens having an

optical axis A coinciding with its axis or rotational symmetry.

Figs. 6 and 7 illustrate optical structures 50 in a top view which are obtainable from

precursor optical structures with circular aperture by removing material 59 therefrom15

along two and four lines, respectively.

Fig. 8 illustrates an optical structure 50 obtainable from a precursor optical structure

with an elliptic non-circular aperture by removing material 59 therefrom along two

lines.

By the processing, it is not only possible to remove material from a precursor optical20

structure in such a way that at an outer edge and and outer edge surface is produced, but

it is also possible to remove an inner portion, more particularly a laterally inner portion

of the precursor optical structure. And, a removal of material does not necessarily have

to take place along a line; it may, e.g., also take place point-wise.

Fig. 9 shows an example in which only an inner edge is produced, e.g., by point-wise25

removal of material. Material 59 is removed in the center of the initially purely circular

aperture; thus, a hole is created in the optical structure. The aperture of the so-produced
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optical structure is ring-shaped. But also differently shaped openings can be produced.

So-produced inner edges and inner edge surfaces may have various shapes. Techniques

suitable for removing portions of material not creating an outer edge are, e.g., laser

ablation, micro-machining, milling. These may be applied on wafer level.

Fig. 10 illustrates an optical structure 50 obtainable from a precursor optical structure5

with a circular aperture by removing material 59 therefrom creating both, an inner and

and outer edge.

Fig. 11 illustrates an optical structure 50 in a cross-sectional view. It illustrates that a

dicing line d along which material is removed from an (in this case plane-concave

spherical) precursor optical structure may also leave a portion of the removed10

material 59 intact. Furthermore, it illustrates that on a substrate S, optical structures and

in particular precursor optical structures may be present on both sides, cf. the dotted

lines.

Fig. 12 illustrates optical structures 50 and 50’ in a cross-sectional view. These are

obtainable simultaneously by dicing or cutting along line 99, starting from a precursor15

optical structure or passive optical component having a circular or elliptic aperture.

Fig. 13 illustrates another optical structure 50 in a cross-sectional view. In this case,

material 59 is removed from a precursor optical structure along a line 99 (drawn as a

rectangle) without separating substrate S into distinct parts or, at least, without

penetrating substrate S. Various techniques may accomplish such a task, e.g., micro-20

machining, laser ablation, sawing, milling. The dotted shape symbolizes the possibility

to provide optical structures on both sides of substrate S.

Fig. 14 illustrates an optical structure 50 in two views, cross-section on top, top view

below. This optical structure 50 may be obtained by removing material (substantially)

without removing material from the substrate S. In the upper portion, the edge25

surface 5s is indicated. This edge surface 5s forms an outside surface of the optical

structure 50, and it is in this case a perfectly vertical surface. Depending on the

processing technique by means of which material is removed, the shape of the edge
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surface in a vertical cross-section can also be not perfectly straight, e.g., (somewhat)

curved. Furthermore, Fig. 14 illustrates that it is possible to use substrates S comprising

transparent portions t and non-transparent blocking portions b laterally surrounding the

transparent portions. This may contribute to improved optical properties, e.g., by

impeding undesired optical paths.5

Fig. 15 illustrates an optical device 1a comprising two optical structures 50, 50’, in two

views, cross-sectional view above, top view below. In this case, it is again illustrated

that substrates S with transparent portions t and one or more non-transparent blocking

portions b laterally surrounding the transparent portions. In the lower portion of Fig. 15,

the removed material 59 is indicated, too. Edge surface 5s and the corresponding (line-10

shaped) edge 5e are also indicated. Such an optical device 1a may be used, e.g., in

multi-channel optical devices such as in proximity sensors and array cameras. It is

possible to provide that dicing takes place in a wafer stack. More details concerning

such a way of manufacturing can be inferred from the before-mentioned incorporated

US provisional patent application with serial number 61/577,965, where this is15

explained by means of the example of a proximity sensor.

Fig. 16 illustrates an optical device 1 comprising two optical devices 1a in a cross-

sectional view. The optical devices 1a may be obtained, e.g., like described for Fig. 11.

These two are mounted, e.g., using pick-and-place, on a substrate S’ which may, as

illustrated in Fig. 16, have transparent portions t’ and one or more blocking portions b’.20

Fig. 17 is a illustration of a wafer-level-suitable method for modifying optical

structures 50, in two views, cross-section on top, top view below. The precursor optical

structure has in this case a main portion m laterally surrounded by a surrounding portion

s. Main portion m forms a passive optical component, more particularly a lens. Such

precursor optical structures may also be used in the other described embodiments in25

which case surrounding portions would have to be imagined to be present around the

passive optical components formed by the illustrated precursor optical structures.



- 43 -

In the lower part of Fig. 17, it is illustrated that removal of material 59 may take place

along line 99 removing material of surrounding portion s only, leaving main portion m

unchanged. This may be useful, e.g., when two passive optical components formed by

neighboring optical structures (more particularly by their respective main portions) shall

be very close to each other, while still ensuring well-defined optical properties. E.g., in5

such a case, surrounding portions of neighboring precursor optical structures may

overlap, and subsequently, the material in the overlap region is removed, e.g., for

inhibiting the possibility of undesired light propagation through the surrounding

portions.

Instead of removing material along a straight line, it would also be possible, e.g., to10

completely remove one or more (possibly overlapping) surrounding portions, e.g., using

laser ablation or micro-machining along a circular line.

Fig. 18 very schematically illustrates, in a cross-sectional view, two precursor optical

structures 5,5’, one in solid lines, one in dotted lines, which are differently distanced

from each other. The optical structures 5 each comprise a main portion m and a15

surrounding portion s, the main portion m substantially forming a passive optical

component L, more particularly a planar-convex lens.

In the upper third of Fig. 18, a gap g is present between the optical structures 5,5’.

Depending on how these are manufactured, a certain minum gap (distance) has to be

present. This poses, considering, in additon, a certain minimum width (lateral extension)20

of the surrounding portions, a limit to the minimum distance between the passive optical

components L and between their respective optical axes A, A’. Note that practically the

same considerations are valid also in case of close-by optical structures not comprising

a surrounding portion and to corresponding passive optical components.

In the middle third of Fig. 18, is very schematically illustrated that one can have the25

surrounding portions overlapping or partially coinciding. This allows to have passive

optical components L and their respective optical axes A, A’ closer to each other, but

usually at the cost of (optically) ill-defined conditions in that overlap region. Ways of
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remedying this problem by removing material of the optical structures and, more

particularly, of the surrounding portions, have been described above, cf., e.g., Figs. 13

and 14. Furthermore, farther below, ways of manufacturing sets of optical structures

with overlap will be described.

In the lower third of Fig. 18, is very schematically illustrated that one can also provide5

that the main portions overlapp or partially coincide. This allows to have passive optical

components L and their respective optical axes A, A’ even closer to each other, but

again usually at the cost of (optically) ill-defined conditions in that overlap region.

Ways of remedying this problem by removing material of the optical structures have

been described above, cf., e.g., Figs. 13 and 14, wherein usually, truncated passive10

optical components will be produced this way. It is furthermore referred to the farther

below described ways of manufacturing sets of optical structures with overlap.

There are cases in which the use of a truncated passive optical component such as a

truncated lens can be acceptable or even desirable. This can be a way of realizing a set

of two (or more) passive optical components having optical axes which are particularly15

close to each other. Truncated optical structures and passive optical components have

been described above along with ways of manufacturing the same, cf., e.g., Figs. 2, 5, 6,

7, 13, 14. Sets of truncated optical structures and passive optical components,

respectively, have been described above as well as ways of manufacturing the same, cf.,

e.g., Figs. 15 and 16. Further ways of manufacturing truncated optical structures and20

passive optical components and sets of these will be described farther below.

Fig. 19 is a illustration of close-by optical structures 5, 5’ comprising truncated passive

optical components, in a cross-sectional view. In Fig. 19, optical structures 5, 5’ with

main portions and surrounding portions are illustrated. In the upper part of Fig. 19, a

gap g is provided between the optical structures 5 and 5’. Comparing this to the upper25

third of Fig. 18, however clearly shows that a much smaller (lateral) distance between

the axes A, A’ (and between the two passive optical components) is readily obtained

due to the truncated apertures.
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As very schematically illustrated in the lower portion of Fig. 19, an even smaller

distance between the axes A, A’ (and between the two passive optical components) is

achievable when the surrounding portions s of the optical structures overlap. The

problems possibly occurring in case of very close-by and in particular overlapping

optical structures have be mentioned above, and the ways of overcoming these referred5

to above can be applied here as well.

In conjunction with Fig. 20, a particular way of removing material between passive

optical components will be explained in greated detail. Even though the process will be

explained for the case of not penetrating the (wafer) substrate, i.e. of not simultaneously

dicing, it will be obvious from the explanations how to adapt the method for doing so.10

Fig. 20 very schematically illustrates, in a cross-sectional view, a method for removing

material of close-by optical structures 50, 50’ of an optics wafer OW, using a dicing

saw 90. Optics wafer OW can be a wafer with final replicas (cf. Fig. 1).

Dicing saw 90comprises a rotatable sawing blade or dicing blade 95, and a saw table or

dicing chuck 94. Between optics wafer OW and sawing table 95, an intermediate15

layer 92 such as a dicing tape is present. The (adjustable) height of blade 95, more

particularly of its lower edge, is usually referenced with respect to the upper surface of

sawing table 94, i.e. it is zero when blade 95 would slightly touch sawing table 94. In

usual dicing, the so-referenced height is chosen to be (clearly) above zero (in order to

protect the sawing table 94) and to be below the thickness of the intermediate layer 92.20

This way, it is ensured, in the common way of using a dicing saw, that the wafer to be

diced is on the one hand indeed separated into distinct parts and that blade 95 on the

other hand does not get into contact with sawing table 94.

However, in the here-suggested way of using a dicing saw 90, the height h is adjusted

differently. It is preset to be larger than the thickness of the intermediate layer 92.25

Usually, it will be preset to a value within a narrow range (such as plus-minus 30 µm)

around the sum H of the thicknesses of intermediate layer 92 and substrate S, in

particular centered about this sum H of heights. The range is referenced as δ in Fig. 20. 
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Adjusting the height h as described, dicing saw 90 can be efficiently used for the above-

described removal of material or separation of optical structures.

Fig. 21 is a very schematic illustration of a wafer, more particularly of an optics wafer

OW like the one illustrated in Fig. 20, comprising a multitude of sets of optical

structures 50, in a top view. In particular, optics wafer OW comprises a multitude of5

optical devices 1a comprising a set of four optical structures 50 each. And each of the

four optical structures 50 comprises a main portion m and a surrounding portion s, the

latter overlapping. Such devices maybe used, e.g., in four-channel sensors such in

optical modules for array cameras. References 99 and 99’ indicate lines along which

dicing saw action as described in conjunction with Fig. 20 may be applied. Dicing may10

subsequently take place along dicing lines d and d’, for obtaining separate optical

devices 1a.

In the following, specific ways of manufacturing particular optical structures or sets of

such, such as truncated passive optical components or a set comprising one or more of

these, shall be explained as well as the corresponding instruments such as masters and15

tools usable in the manufacture and ways of manufacturing these.

Fig. 22 shows an optical structure 55 comprising a passive optical component L5, more

particularly a spherical lens, in a cross-sectional view. Such a (not-truncated) passive

optical component L5 having a circular aperture is obtainable using embossing with

flow control (cf. explanations further above in the present patent application) using a20

tool as illustrated in Fig. 23 which will be referred to as precursor tool Tp for reasons

which become clear below.

Fig. 24 shows an optical structure 5 comprising a passive optical component L, more

particularly a truncated spherical lens, in a cross-sectional view. The lens aperture of

lens L of Fig. 24 has a shape different from the one of lens L5 of Fig. 22, cf. also the25

double-sided arrows. Such a truncated passive optical component L having an aperture

describing a circle from which a portion is removed, is obtainable using embossing with

flow control (cf. explanations further above in the present patent application) using a
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tool as the one illustrated in Fig. 25. Note that the surrounding portion s of optical

structure 5 has a varied (non-circular) shape (due to the tool T lacking rotational

symmetry).

It is furthermore remarkable that the tool T is lacking (at least in the appropriate

position) a surface portion describing at least one surface of the passive optical5

component to be produced, more particularly there is no surface portion comprised in

tool T which would describe the surface (edge surface) of the truncated passive optical

component where the truncated portion of the passive optical component is.

The tool T of Fig. 25 is obtainable from the precursor tool Tp of Fig. 23 by removing a

portion 49 of material thereof, e.g., by laser cutting or sawing.10

Precursor tool Tp, however, may be – where it forms its replication surface –

rotationally symmetric and, e.g., manufactured using a corresponding master (cf.

Fig. 1).

By removing material 49 from precursor tool Tp, a surface 46 referred to as flow-stop

surface 46 is produced. As indicated in Fig. 25, an angle β between this flow-stop 15

surface 46 and the adjacent replication surface portion of tool T is clearly larger than

180°, usually still clearly above 230°. This can be helpful when using tool T in

replication with flow control.

Thus, for producing passive optical components with a truncated lens aperture, one can

take a precursor tool Tp and to remove a portion of material 49 thereof and thus obtain a20

tool T for use in subsequent replication steps for manufacturing the desired passive

optical components.

Fig. 26 is an illustration of replication, in a cross-sectional view, for illustrating that

replication material may be applied to either the tool T’ or the substrate S’ or to both,

tool and substrate. Tool T’ can then be moved towards substrate S’ or vice versa, or25

both move towards the respective other before hardening in the final position.
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For manufacturing a set of, e.g., two such truncated passive optical components such as

a pair of those illustrated in Fig. 24, two tools of Fig. 25 may be combined on a

common holder C, as illustrated in Fig. 27, wherein the flow-stop surfaces may be

inclined, in particular, as illustrated, by different angles β1, β2. Of course, all the 

“partial” tools combined on a common holder for manufacturing sets of passive optical5

components do not need to be identically shaped, e.g., in particular in case the passive

optical components of the set are differently shaped.

Alternatively, for manufacturing a set of, e.g., two truncated passive optical components

such as of a pair of those illustrated in Fig. 24, one can use a single tool twice for each

set, provided that the passive optical components of the set shall be (nominally)10

identically shaped.

Fig. 39 is an illustration of such a way of manufacturing a master wafer MW, in a cross-

sectional view. The upper portion illustrates that tool T is used for forming first lenses

L1 of each set from replication material r applied to substrate S1. The lower portion of

Fig. 28 illustrates that subsequently, i.e. after all first lenses L1 are produced in a15

multitude of embossing and hardening steps, the same tool T may be used, but rotated

by 180° about a vertical axis, for producing second lenses L2 of the sets. Note that this

may be accomplished in such a way that the surrounding portions s of the lenses

overlap, cf. the region indicated by the dotted circle in the lower portion of Fig. 28.

In this case of overlap and also in other cases where passive optical components are too20

close to each other or overlap, removal of material such as described above in

conjunction with Fig. 13 or 20 may be applied.

A tool T for two or more passive optical components of a set may also be obtained from

an integrally formed precursor tool, by removing material from such a precursor tool. A

so-obtained tool may, e.g., look like the one of Fig. 27, wherein the “partial” tools, i.e.25

the portions having replication surfaces for different passive optical components of a

set, will usually not be distinct parts, but still form a unitary part. This may contribute to

an increased alignment precision, in particular concerning mutual position and



- 49 -

orientation of the passive optical components. The removal of material from the

precursor tool may be accomplished using, e.g., milling, laser ablation, micro-

machining, cutting using a blade.

A precursor tool like that may be obtained using replication. Therein, a unitary master

may be used allowing to obtain the precursor tool in one replication step. However, in5

particular if passive optical components with spherical surfaces shall be manufactured,

it may be desirable to manufacture a master from one or more precursor masters having

a spherical surface, which may be manufactured using, e.g., diamond turning. Cutting

off a portion of one or of each of such precursor masters and fixing them to a common

holder, e.g., in the way illustrated in Fig. 27 for manufacturing a tool, can then result in10

a suitable master for manufacturing the before-mentioned precursor tool for two or more

passive optical components.

In the manufacture of truncated passive optical components or of sets of passive optical

components, particular masters may be used, in particular such masters which are

obtainable from a precursor master by adding material thereto. As mentioned in the15

before-addressed manufacturing method, it may be desirable to manufacture a master

from one or more precursor masters having a spherical surface each, in particular if

passive optical components with spherical surfaces shall be manufactured. Such

precursor masters may be manufactured using, e.g., diamond turning. Cutting off a

portion of one or of each of such precursor masters and adding, e.g., a bar at the cut-off20

edge, at the surface where the material has been removed, can allow to obtain a suitable

master.

Note that a rotationally symmetric replication surface of a precursor master can thus be

modified so as to produce a no more rotationally symmetric replication surface of the

master.25

Fig. 28 illustrates, in a cross-sectional view, a precursor master Mp. Fig. 29 illustrates

the situation with material 42 removed from precursor master Mp. Then, material is

added, for forming a protruding part 41 of master M. Fig. 29 shows an example for a
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master M comprising the cut-off precursor master with added material of protruding

part 41. Protruding part 41 forms a surface 44 referred to as protrusion surface which

forms an angle α with the adjacent portion of the replication surface. That angle α 

usually is smaller than 150° and rather smaller than 130°.

Fig. 31 to 33 illustrate how another master M is obtained in a similar way as the one of5

Fig. 30.

The protruding portions 41 can allow to ensure the presence of an empty volume in a

tool (or precursor tool) obtained using replication using the master. Such an empty

volume may fulfill the same or at least similar functions as the space between the two

partial tools in Fig. 27.10

Note that a master like the one of Fig. 30 or the one of Fig. 33 may, e.g., be used for a

first and for a subsequent second embossing step in the manufacture of a tool for a set of

two passive optical components, in particular wherein the tool is rotated 180° in the

second step, like described for tools in conjunction with Fig. 39. Such a multiple-times

use of a master may also be accomplished with a master obtained in a different way,15

e.g., a master forming, at least where it forms its replication surface, a unitary or

integrally formed part.

Of course, subsequently embossing using not only the same, but different masters

makes possible to manufacture sets comprising different passive optical components.

A master M for two (or generally also even more) passive optical components can be20

made from two (or more) precursor masters, e.g., such as those of Figs. 28 and 31. An

example for such a master M composed of two cut masters plus added material

(protruding portion 41) is illustrated in Fig. 34. Fig. 35 sketches, only very

schematically, not to scale, a top view onto a composed master M like the one of Fig.

34.25

As illustrated in Fig. 36, it is also possible to manufacture a master M for two (or more

passive optical components) as a unitary part (at least in the region where it forms its
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replication surface), e.g. using micro-machining. Of course, in a similar manner, a

master for one passive optical component only can be manufactured as well.

The various optical structures and sets of optical structures and devices herein described

may find various applications, e.g., in optical or opto-electric devices or modules, in

particular in sensor and photographic applications, and especially in multi-channel5

devices such as array cameras or proximity sensors.

Fig. 37 illustrates a device 1 which is a two-channel optical module, in a perspective

view. We shall assume this module is a proximity sensor or a module for a proximity

sensor. But the principles apply, possibly with slight modifications, to many other kinds

of modules and devices. Module 1 comprises an emission channel 20 from which light,10

e.g., infrared light can be emitted, and a detecting channel in which light, e.g., infrared

light can be detected. Composed lenses 8a and 8b are present in channels 20 and 30,

respectively, of which passive optical components or lens elements 52 and 53,

respectively, are visible. They are comprised in an optics member O. On the upper side

of optics member O, a baffle member B is arranged, and on the opposite side, a15

substrate P such as a printed circuit boards is present, which is spaced from optics

member O by a spacer member 60.

The module can be fully manufactured on wafer level, dicing being applied to a wafer

stack comprising

 a substrate wafer comprising a multitude of substrate members P;20

 a spacer wafer comprising a multitude of spacer members 60;

 an optics wafer comprising a multitude of optics members O; and

 a baffle wafer comprising a multitude of baffle members B.

Fig. 38 illustrates a device 10 comprising a two-channel optical module 1 of Fig. 37.

Device 10 can be, e.g., a photographic device such as an array camera or a sensor device25

or a communication device such as a smart phone, or a hand-held electronic device.
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In principle, it can be referred to the incorporated US provisional patent application with

serial number 61/577,965 for details concerning manufacture and constitution of such

devices 10 and modules 1. Nevertheless, some points shall be mentioned here

explicitely.

Device 10 comprises a printed circuit board 9 on which module 1 and further in5

particular electronic components such as an integrated circuit 81 functioning, e.g., as a

control unit for module 1 are mounted. Module 1 is electrically interconnected with

printed circuit board 9, e.g., via solder balls 7, thus providing also an electrical

connection to component 81. Accordingly, an electronic circuit 70 is formed.

On substrate P, a light emitter E such as an LED and a light detector D such as a photo10

diode are present. In case, e.g., of an array camera, each channel might comprise an

image sensor (multi-pixel sensor). Composed lens 8a comprises two passive optical

components or lens elements 52, 52’ which are attached to opposite faces of a

transparent portion t present in optics member O in form of a transparent element 6 such

as a block of a transparent polymer. Composed lens 8b comprises two passive optical15

components or lens elements 53, 53’ which are attached to opposite faces of another

transparent portion t present in optics member O.

In Fig. 38, hatched portions of the members P, 60, O, B are not transparent, not-hatched

ones are transparent. In case of openings 4 in spacer member 60 and of transparent

regions 3 of baffle member B, no solid material is present, but usually merely air or20

another gas or vacuum.

Lens element 52’ is a truncated passive optical component, and its optical axis A2’ is

shifted with respect to the optical axis A2 of lens element 52.

Lens element 53 is a truncated passive optical component, and its optical axis A3 is

shifted with respect to the optical axis A3’ of lens element 53’.25
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Various possible ways of manufacturing such a module 1 and in particular the

composed passive optical components 8a, 8b are readily inferred from the methods

described above.

5
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WHAT IS CLAIMED IS: 

1. 	A method for manufacturing a device comprising a set of at least two passive 

optical components, said method comprising the steps of 

5 A) 	using a tool obtainable by carrying out tool, manufacturing steps, said tool 

manufacturing steps comprising the steps of 

i) manufacturing a precursor tool having a replication surface; 

ii) modifying said replication surface by removing material from said 

precursor tool. 

10 

2. 	The method according to claim 1, wherein said replication surface of said 

precursor tool is suitably shaped for manufacturing by replication a passive optical 

component referred to as precursor passive optical component, wherein from said 

precursor passive optical component, a passive optical component of said set of passive 

15 optical components is obtainable by truncating said precursor passive optical 

component. 

3. 	The method according to claim 1 or claim 2, wherein said tool is obtained by 

carrying out said tool manufacturing steps. 

20 

4. 	The method according to one of claims 1 to 3, comprising carrying out said tool 

manufacturing steps. 

5. 	The method according to one of claims 1 to 4, wherein step A) comprises the 

25 steps of 
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al) 	manufacturing a master wafer using said tool; 

a2) manufacturing a replication tool using said master wafer; 

a3) manufacturing, using said replication tool, a multitude of sets of at least two 

passive optical components each, said multitude of sets comprising the before- 

5 mentioned set of at least two passive optical components. 

6. The method according to one of claims 1 to 5, wherein said replication surface 

of said precursor tool is rotationally symmetric, and wherein in step ii), said replication 

surface is modified such that the obtained replication surface is not rotationally 

10 symmetric. 

7. The method according to one of claims 1 to 6, wherein at least one of said 

passive optical components, in particular each of them, of said set is a truncated lens. 

15 8. The method according to one of claims 1 to 7, wherein said device comprises a 

set of optical structures each of which comprising a main portion and a surronding 

portion at least partially surrounding the respective main portion, wherein each of said 

main portions is identical with one of said passive optical components of said set of 

passive optical components, in particular wherein each of said optical structures forms a 

20 unitary part. 

9. The method according to claim 8, wherein surrounding portions of at least two 

of said optical structures are overlapping or partially coinciding. 
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10. 	The method according to one of claims 1 to 9, wherein step A) comprises 

carrying out, in the presented order, the steps of 

r0) 	providing a substrate; 

r11) 	moving said substrate and said tool towards each other with a first 

5 portion of a replication material between them; 

r12) hardening said first portion of replication material; 

r13) moving said substrate and said tool away from each other, said hardened 

first portion of replication material remaining in a first location of said 

substrate; 

10 r21) moving said substrate and said tool towards each other with a second 

portion of a replication material between them; 

r22) hardening said second portion of replication material; 

r23) moving said substrate and said tool away from each other, said hardened 

second portion of replication material remaining in a second location of 

15 said substrate, wherein said first location is different from said second 

location. 

11. 	The method according to claim 10, wherein said hardened first and second 

portions of replicaton material are adjacent to each other, in particular wherein said 

20 hardened first and second portions of replicaton material are in direct physical contact 

with each other. 

12. 	The method according to claim 10 or claim 11, wherein said hardened first 

portion of replicaton material comprises a first one of said set of passive optical 
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components and said hardened second portion of replicaton material comprises a second 

one of said set of passive optical components. 

13. The method according to one of claims 10 to 12, wherein steps rl 1) to r23) are 

5 carried out a plurality of times, each time in a different region of said substrate, and in 

particular wherein subsequently thereto, a so-obtained wafer comprising said substrate 

and a multitude of replicas is used for manufacturing, using replication, a replication 

wafer and subsequently thereto, said replication wafer is used for manufacturing, using 

replication, a plurality of said sets of passive optical components. 

10 

14. The method according to claim 13, wherein steps rl 1) to r13) are carried out in 

said plurality of different regions of said substrate and subsequently thereto, steps r21) 

to r23) are carried out in said plurality of different regions of said substrate. 

15 15. The method according to claim 13, wherein the sequence of steps r11) to r23) is 

carried out subsequently in said plurality of different regions of said substrate. 

16. The method according to one of claims 1 to 9, wherein said tool manufacturing 

steps comprise the steps of 

20 il) 	manufacturing a first precursor tool having a first replication surface; 

i2) 	manufacturing a second precursor tool having a second replication 

surface; 

ii1) 	modifying said first replication surface by removing material from said 

first precursor tool; 
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ii2) 	modifying said second replication surface by removing material from 

said second precursor tool. 

17. The method according to claim 16, wherein said tool comprises the so-obtained 

5 modified first and second precursor tools, in particular wherein said tool comprises the 

so-obtained modified first and second precursor tools fixed with respect to each other. 

18. The method according to one of claims 1 to 9, wherein said tool manufacturing 

steps comprise the steps of 

10 - 	providing one or more masters; 

— 	manufacturing, using replication, said precursor tool using said one or more 

masters; 

in particular wherein at least one of 

— 	said precursor tool is, at least where it forms its replication surface, made of a 

15 replication material; 

— 	said precursor tool forms, at least where it forms its replication surface, a 

contiguous part, in particular a unitary part; 

— 	the replication surface of the precursor tool has a shape describing the negative 

of at least a portion of a first and of at least a portion of a second passive optical 

20 component of said passive optical components of said set. 

19. The method according to claim 18, wherein at least one, in particular each of 

said one or more masters is of rotational symmetry, at least in the region where it forms 

its replication surface. 
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20.  The method according to one of claims 1 to 19, wherein said device is at least 

one of 

— a passive optical component; 

5 - a lens; 

— an optical module; 

— a multi-channel optical module; 

— an opto-electronic module; 

— a multi-channel opto-electronic module; 

10 - an optical device; 

— a multi-channel optical device; 

— a wafer; 

— a wafer stack; 

— a photographic device; 

15 — a communication device; 

— a smart phone; 

— a sensor; 

— a proximity sensor; 

— an ambient light sensor. 

20 

21.  A tool for manufacturing, by replication, truncated passive optical components, 

wherein each of said truncated optical components is a passive optical component 
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having a shape obtainable from a precursor passive optical component by truncation 

creating an edge and an edge surface adjacent to said edge, said tool comprising a 

replication surface, said replication surface having a shape not describing said edge 

surface. 

5 

22. The tool according to claim 21, comprising adjacent to said replication surface a 

surface referred to as flow-stop surface, said flow-stop surface and said replication 

surface forming an angle of at least 200°, in particular of at least 225°, more particularly 

of at least 260°. 

10 

23. The tool according to claim 22, said flow-stop surface and said replication 

surface forming an edge in the location where the before-mentioned edge it to be 

formed. 

15 

20 

24. The tool according to one of claims 21 to 23, wherein said tool is a tool for 

manufacturing, by replication, sets of at least two truncated passive optical components 

each, each of said sets comprising a first and a second neighboring truncated passive 

optical components, said tool comprising, for each of the truncated passive optical 

components of each of said sets, 

- 	a replication surface, said replication surface having a shape not 

describing said edge surface; 

and adjacent to the respective replication surface 

— 	a surface referred to as flow-stop surface; 

wherein, for each of the sets, the replication surface of said first truncated passive 

25 optical component is closest to the replication surface of said second truncated passive 

optical component where an edge formed by the replication surface of the first truncated 
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passive optical component and the respective adjacent flow-stop surface is closest to an 

edge formed by the replication surface of the second truncated passive optical 

component and the respective adjacent flow-stop surface. 

5 25. 	A method for manufacturing, by replication, N > 1 sets of M > 2 optical 

structures each, said method comprising the steps of 

— 	providing a substrate; 

— 	providing a tool for manufacturing, by replication, a first of said M optical 

structures of such a set; 

10 — 	manufacturing, by replication• using said tool, N of said first optical structures on 

said substrate; and subsequent thereto 

manufacturing, by replication using said tool or a different tool, N of said second 

optical structures on said substrate. 

15 26. 	A method for manufacturing a device comprising an optical structure, said 

method comprising the steps of 

a) providing a substrate on which a multitude of precursor optical structures is 

present; 

b) removing material from each of said multitude of precursor optical structures. 

20 

27. 	The method according to claim 26, wherein said optical structure is identical 

with or obtained from one or more of the structures obtained in step b). 
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28. 	The method according to claim 26 or 27, wherein said optical structure 

comprises a passive optical component, in particular a truncated passive optical 

component. 

5 29. The method according to one of claims 26 to 28, wherein said optical structure 

comprises a lens, in particular a truncated lens. 

30. The method according to one of claims 26 to 29, wherein in step b), an aperture 

of each of said multitude of precursor optical structures is reduced; more particularly 

10 wherein each of said precursor optical structures comprises a passive optical component 

and wherein in step b), an aperture of each of said multitude of passive optical 

components is reduced. 

31. The method according to one of claims 26 to 30, wherein in step b), an opening 

15 is produced in said substrate; and in particular wherein in step b), said substrate is 

divided into separate parts. 

32. The method according to one of claims 26 to 31, wherein step b) comprises the 

step of manufacturing said multitude of precursor optical structures using replication, in 

20 particular using embossing. 

33. The method according to one of claims 26 to 32, wherein step b) is carried out 

using at least one of 

— 	sawing, in particular sawing using a dicing saw; 

25 - 	laser cutting; 
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— laser ablation; 

— water jet cutting; 

— milling; 

— micro-machining; 

5 - microtoming; 

— cutting using a blade; 

— punch cutting. 

34. The method according to one of claims 26 to 33, wherein step b) comprises 

10 	producing an at least substantially planar edge of said optical structure, in particular an 

at least substantially planar outer edge. 

35. The method according to one of claims 26 to 34, wherein step b) comprises 

carrying out a processing step along a line by which material is removed from a 

15 	plurality of said multitude of precursor optical structures, in particular wherein said line 

is a straight line. 

36. The method according to one of claims 26 to 35, wherein step b) comprises 

producing an inner edge of said optical structure, in particular wherein said edge 

20 	describes an elliptic line. 

37. The method according to one of claims 26 to 36, wherein each of said multitude 

of precursor optical structures comprises a main portion and, in addition, a surrounding 
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portion at least partially surrounding said main portion, in particular wherein said main 

portion forms a passive optical component, more particularly a lens. 

38. 	The method according to one of claims 26 to 37, wherein said optical stucture 

5 	comprises a portion of said substrate. 

39. 	The method according to one of claims 26 

one of 

to 38, wherein said device is at least 

— 	a passive optical component; 

10 	- 	a lens; 

— 	an optical module; 

— 	a multi-channel optical module; 

— 	an opto-electronic module; 

— 	a multi-channel opto-electronic module; 

15 	- 	an optical device; 

— 	a multi-channel optical device; 

— 	a wafer; 

— 	a wafer stack; 

— 	a photographic device; 

20 	- 	a communication device; 

— 	a smart phone; 

— 	a sensor; 
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- 	a proximity sensor; 

— 	an ambient light sensor. 

40. 	A device comprising a substrate and a passive optical component present on said 

5 substrate, said passive optical component comprising an opening. 

41. 	The device according to claim 40, wherein said passive optical component is a 

lens having an optical axis, wherein said optical axis penetrates said opening. 

10 42. 	A method for manufacturing a device comprising a set of M > 2 optical 

structures, said method comprising the steps of 

E) providing a substrate on which a set of M precursor optical structures is present; 

F) removing, while said precursor optical structures are present on said substrate, 

material from at least a first of said precursor optical structures; 

15 wherein by step F), said substrate is not divided into separate parts. 

43. 	The method according to claim 42, wherein by step F), no opening is produced 

in said substrate. 

20 44. 	The method according to claim 42 or claim 43, wherein step F) is carried out 

along a line. 
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45. The method according to one of claims 42 to 44, wherein during step F), 

material is removed from at least two adjacent ones of said M precursor optical 

structures. 

5 46. The method according to one of claims 42 to 45, wherein said first of said 

precursor optical structures obtained by removing material therefrom according to 

step. F) is one of said optical structures of said set. 

47. The method according to one of claims 42 to 46, wherein on said substrate 

10 provided in step E), a multitude of N sets of M precursor optical structures each is 

present. 

48. The method according to one of claims 42 to 47, wherein said first of said M 

precursor optical structures comprises a precursor passive optical component and, in 

15 addition, a surrounding portion at least partially surrounding said precursor passive 

optical component. 

49. The method according to claim 48, wherein in step F), material of said 

surrounding portion is removed. 

20 

50. The method according to claim 48 or claim 49, wherein in step F), no material 

said precursor passive optical component is removed, and wherein said precursor 

of 

passive optical component is identical with a passive optical component comprised in 

first of said optical structures of said set. 

a 

25 



WO 2014/042591 
	

PCT/SG2013/000384 

-67- 

51. 	The method according to one of claims 42 

using at least one of sawing and laser ablation. 

to 50, wherein step F) is carried out 

52. 	The method according to one of claims 42 to 51, wherein at least one of said 

5 optical structures is a truncated lens or wherein at 

structures is a truncated lens. 

least one of said precursor optical 

53. 	The method according to one of claims 42 

one of 

to 52, wherein said device is at least 

10 - 	a passive optical component; 

— 	a lens; 

— 	an optical module; 

— 	a multi-channel optical module; 

— 	an opto-electronic module; 

15 - 	a multi-channel opto-electronic module; 

— 	an optical device; 

— 	a multi-channel optical device; 

— 	a wafer; 

— 	a wafer stack; 

20 - 	a photographic device; 

— 	a communication device; 

— 	a smart phone; 
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- a sensor; 

— a proximity sensor; 

— an ambient light sensor. 

5 	54. A method for manufacturing a device comprising a set of at least two passive 

optical components, said method comprising the steps of 

B) using a master obtainable by carrying out master manufacturing steps, said 

master manufacturing steps comprising the steps of 

j) 	providing, in particular manufacturing, a precursor master having a 

10 replication surface; 

jj) 	modifying said replication surface by adding material to said precursor 

master. 

55.  The method according to claim 54, wherein said master is obtained by carrying 

15 	out said master manufacturing steps. 

56.  The method according to claim 54 or claim 55, comprising carrying out said 

master manufacturing steps. 

20 	57. The method according to one of claims 54 to 56, wherein step B) comprises the 

steps of 

bl) manufacturing a tool using said master; 

b2) manufacturing, using said tool, said set of at least two passive optical 

components. 



WO 2014/042591 	 PCT/SG2013/000384 

-69- 

58. 	The method according to claim 57, wherein step b2) comprises the steps of 

b21) manufacturing a master wafer using said tool; 

b22) manufacturing a replication tool using said master wafer; 

5 b23) manufacturing, using said replication tool, a multitude of sets of at least two 

passive optical components each, said multitude of sets comprising the before-

mentioned set of at least two passive optical components. 

59. 	The method according to one of claims 54 to 58, wherein at least one of 

10 - 	a manufacture of said precursor master is carried out using at least one of 

diamond turning, laser ablation, micromachining, milling; 

— 	said precursor master is of rotational symmetry, at least where it forms its 

replication surface. 

15 60. ' The method according to one of claims 54 to 59, wherein step j) is replaced by 

the steps of 

jl) 	providing, in particular manufacturing, at least two precursor sub-masters having 

a replication surface each; 

j2) 	fixing said at least two precursor sub-masters with respect to each other. 

20 

61. 	The method according to claim 60, wherein each of said replication surfaces of 

said precursor sub-masters describes, at least in part, a negative of one passive optical 

component of said passive optical components of said set of passive optical 
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components, in particular wherein each of said precursor sub-masters is of rotational 

symmetry, at least where it forms its respective replication surface. 

62. The method according to one of claims 54 to 61, wherein said device is at least 

5 	one of 

— a passive optical component; 

— a lens; 

— an optical module; 

— a multi-channel optical module; 

10 	-  an opto-electronic module; 

— a multi-channel opto-electronic module; 

— an optical device; 

— a multi-channel optical device; 

— a wafer; 

15 	- a wafer stack; 

— a photographic device; 

— a communication device; 

— a smart phone; 

— a sensor; 

20 	- a proximity sensor; 

— an ambient light sensor. 



WO 2014/042591 	 PCT/SG2013/000384 

- 71 - 

63. The method according to one of claims 54 to 62, wherein at least one of said 

passive optical components, in particular each of them, of said set is a truncated lens. 

64. The method according to one of claims 54 to 63, wherein said device comprises 

5 a set of optical structures each of which comprising a main portion and a surronding 

portion at least partially surrounding the respective main portion, wherein each of said 

main portions is identical with one of said passive optical components of said set of 

passive optical components, in particular wherein each of said optical structures forms a 

unitary part. 

10 

65. The method according to claim 64, wherein surrounding portions of at least two 

of said optical structures of the set are overlapping or partially coinciding. 

66. The method according to one of claims 54 to 65, wherein said replication surface 

15 describes, at least in part, 

— 	a surface of merely one of said passive optical components of said set of passive 

optical components; or 

— 	surfaces of each of said passive optical components of said set of passive optical 

components. 

20 

67. A master for manufacturing, by replication, truncated passive optical 

components, wherein each of said truncated optical components is a passive optical 

component having a shape obtainable from a precursor passive optical component by 

truncation creating an edge and an edge surface adjacent to said edge, said master 

25 comprising a replication surface, said replication surface comprising a first portion 
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describing a shape corresponding to the shape of a portion of said truncated passive 

optical component not comprising said edge surface, wherein at least one of 

— said replication surface has a shape not describing said edge surface; 

— said master comprises, adjacent to said first portion of the replication surface, a 

5 protruding part protruding from said first portion of the replication surface; 

in particular wherein said precursor passive optical component as an at least mirror- 

symmetric shape and, more particularly a rotationally symmetric shape. 

68. 	The master according to claim 67, comprising, adjacent to said first portion of 

10 	the replication surface, a surface referred to as protrusion surface, said protrusion 

surface and said replication surface forming an angle of at most 160°, in particular of at 

most 135°, more particularly of at most 100°, and wherein, in particular, said protrusion 

surface is formed by said protruding portion. 

15 	69. 	The master according to claim 68 said protrusion surface and said first portion of 

the replication surface forming an edge in the location where the before-mentioned edge 

it to be formed. 

70. 	The master according to one of claims 67 to 69, wherein said master is a master 

20 	for manufacturing, by replication, sets of at least two truncated passive optical 

components each, each of said sets comprising a first and a second neighboring 

truncated passive optical components, wherein at least one of 

— said protruding part is arranged between the first portion of the replication 

surface of said first truncated passive optical component and the first portion of 

25 the replication surface of said second truncated passive optical component, 

respectively; 
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- 	said first portion of the replication surface of said first truncated passive optical 

component is separated from said first portion of the replication surface of said 

second truncated passive optical component by said proruding part. 

5 71. A method for manufacturing a device comprising a set of at least two passive 

optical components, said method comprising the step of 

C) 	using a master comprising a replication surface comprising, for each of said 

passive optical components, a first portion describing a shape corresponding to 

the shape of at least a portion of the respective passive optical component, said 

1 0 master comprising, in addition, at least one protruding portion protruding from 

least one of said first portions of said replication surfaces. 

at 

72. The method according to claim 71, wherein said master forms, at least where it 

forms its replication surface and said protruding portion, a unitary part. 

15 

73. The method according to claim 71 or claim 72, wherein said at least one 

protruding portion at least partially surrounds each of said first portions of said 

replication surfaces. 

20 74. The method according to one of claims 71 to 73, wherein said at least one 

protruding portion protrudes farther from said replication surface in a region between 

neighboring first portions than in a region where first portions are more distant than 

between neighboring first portions. 
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75. The method according to one of claims 71 to 74, wherein said at least one 

protruding portion is one contiguous protruding portion, and wherein each of said first 

portions is surrounded by said protruding portion. 

5 76. 

one 

— 

— 

— 

of 

The method according to one of claims 71 

a passive optical component; 

a lens; 

an optical module; 

to 75, wherein said device is at least 

10 - 

— 

— 

— 

— 

a multi-channel optical module; 

an opto-electronic module; 

a multi-channel opto-electronic module; 

an optical device; 

a multi-channel optical device; 

15 — 

— 

— 

— 

— 

a wafer; 

a wafer stack; 

a photographic device; 

a communication device; 

a smart phone; 

20 - 

— 

— 

a sensor; 

a proximity sensor; 

an ambient light sensor. 
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77. A master for manufacturing, using replication, a device comprising a set of at 

least two passive optical components, said master comprising a replication surface 

comprising, for each of said passive optical components, a first portion describing a 

5 shape corresponding to the shape of at least a portion of the respective passive optical 

component, said master comprising, in addition, at least one protruding portion 

protruding from at least one of said first portions of said replication surfaces. 

78. The master according to claim 77, wherein said master forms, at least where it 

10 forms its replication surface and said protruding portion, a unitary part. 

79. The master according to claim 77 or claim 78, wherein said device is 

of 

at least one 

— 	a passive optical component; 

15 — 	a lens; 

— 	an optical module; 

— 	a multi-channel optical module; 

— 	an opto-electronic module; 

— 	a multi-channel opto-electronic module; 

20 - 	an optical device; 

— 	a multi-channel optical device; 

— 	a wafer; 

— 	a wafer stack; 
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- a photographic device; 

— a communication device; 

— a smart phone; 

— a sensor; 

5 - a proximity sensor; 

— an ambient light sensor. 

80. A method for manufacturing a device comprising a set of at least two passive 

optical components, said method comprising the steps of 

10 D) using a tool obtained by carrying out tool manufacturing steps, said tool 

manufacturing steps comprising the steps of 

D1) providing a substrate; 

D2) providing one or more masters each having a replication surface; 

D31) moving said substrate and a first of said one or more masters towards 

15 each other with a first portion of a replication material between them; 

D32) hardening said first portion of replication material; 

D33) moving said substrate and said first master away from each other, said 

hardened first portion of replication material remaining in a first location 

of said substrate; 

20 D41) moving said substrate and a second of said one or more masters identical 

with or different from said first master towards each other with a second 

portion of a replication material between them; 

D42) hardening said second portion of replication material; 
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D43) 	moving said substrate and said second master away from each other, said 

hardened second portion of replication material remaining in a second 

location of said substrate, wherein said second location is different from 

said first location. 

5 

81. The method according to claim 80, wherein said replication surfaces of said one 

or more masters describe, at least in part, for at least one, in particular for exactly one, 

of said passive optical components of said set, a surface of the respective passive optical 

components and passive optical component, respectively. 

10 

82. The method according to claim 80 or claim 81, wherein said hardened first and 

second portions of replicaton material are adjacent to each other, in particular wherein 

said hardened first and second portions of replicaton material are in direct physical 

contact with each other. 

15 

83. The method according to one of claims 80 to 82, comprising carrying out said 

tool manufacturing steps. 

84. The method according to one of claims 80 to 83, wherein in step D2) exactly one 

20 	master is provided, and wherein said one master is, during steps D31) and D32), 

positioned in a rotational orientation different from a rotational orientation in which it is 

positioned during steps D41) and D42). 

85. The method according to one of claims 80 to 84, wherein each of said hardened 

25 	first and second portions of replication material describes a shape comprising a shape of 
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a passive optical component of the set and the shape of a surrounding portion at least 

partially surrounding the respective passive optical component. 

86. The method according to one of claims 80 to 85, wherein said device is at least 

5 	one of 

— a passive optical component; 

— a lens; 

— an optical module; 

— a multi-channel optical module; 

10 	— an opto-electronic module; 

— a multi-channel opto-electronic module; 

— an optical device; 

— a multi-channel optical device; 

— a wafer; 

15 	— a wafer stack; 

— a photographic device; 

— a communication device; 

— a smart phone; 

— a sensor; 

20 	- a proximity sensor; 

— an ambient light sensor. 


