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(54) GLASS COMPOUND ARRANGEMENT

(57) An enclosure is shown, comprising at least a
base substrate and a cover substrate, which constitute
at least a part of the enclosure, and a function zone sit-
uated such that it is circumferentially enclosed in the en-
closure. At least the cover substrate comprises prefera-
bly a glass or glass-like material. The base substrate and

the cover substrate are hermetically welded by means
of at least one laser weld line, where the laser weld line
comprises a height HL in a direction perpendicular to its
connecting plane, and wherein the mechanical stress in
the at least one laser weld line is reduced, thus improving
the mechanical stability of the enclosure.
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Description

Field of the invention

[0001] The invention is related to a glass compound arrangement, for example for providing a hermetically sealed
compartment in at least two layers of said glass compound arrangement, as well as a manufacturing process for making
the same.

Background and Summary of the invention

[0002] Glass and glass like enclosures can be used, for example, to protect electronics, circuitry or sensors. It is
possible to use hermetically sealed implementations of aforementioned enclosures for medical implants for example in
a therapy to cure a heart disease, or for example in a retina or for any type of bio-processor. Known are bio-processors
which are made from titan.
[0003] Sensors can be protected by means of the invention e.g. for the use in particular rough climate conditions.
Further examples are Micro-Electro-Mechanic-Systems (MEMS), a pressure sensor, blood gas sensor, a glucose meter
such as a blood glucose meter or the like.
[0004] Further fields of usage for the present invention can be found in protection sleeves for cell phones, in the field
of virtual reality and augmented reality goggles and headsets and similar devices. For example, the invention may also
be used in the scope of electromobility; But also in aviation and space environment, in high temperature environments
and in the field of micro optics the invention might be used.
[0005] The before-mentioned applications all concern some form of electronic device, which is faced with rough en-
vironmental conditions and which thus has to be especially robust - or protected from these conditions. So for example
in order to allow for the use of any electronics, which may be expected not to survive the before-mentioned environmental
conditions, but which may be made cheaper or where even no rough electronics exist which could withstand in this
conditions, the invention may be used to protect such devices like electronics.
[0006] Further, the invention allows to some extent an exchange or way of communication with the inner region of the
device according to the invention, e.g. the enclosure, or the cavity situated inside the enclosure. This exchange or way
of communication can be realized e.g. by means of electromagnetic radiation e.g. in visible light region and/or in the
region of microwave radiation. For realization of the same, the enclosure is, at least in part and/or at least for a range
of wave lengths, transparent. This transparency allows for communication methods, for any kind of data or energy
transmission, and for measurements with and by electronics or sensors situated inside a cavity. In particular, optical
communication methods or optical data or energy transmission is possible.
[0007] However, implementing a cavity in the enclosure is only an embodiment for possible usages of the invention.
As well be understood below, the invention is not limited to cavities, but it can be used for improving also enclosures
having cavities.
[0008] It is principally known to put several parts or layers and to arrange them such that in an inner region components
can be situated. For example European Patent EP 3 012 059 B1 shows a method for manufacturing a transparent
component for protecting an optical component. A new laser welding method is used therein.
[0009] The present invention may be seen in the vicinity of improving reliability and/or robustness of enclosures, e.g.
regarding environmental conditions.
[0010] It is an object of the invention to increase the mechanical stability of the enclosure.
[0011] The object of the invention is achieved by subject matter of the independent claims. Preferred embodiments
of the invention are subject of the dependent claims.
[0012] According to the invention, a hermetically sealed enclosure comprises at least a base substrate and a cover
substrate, which constitute at least a part of the enclosure. A function zone is situated such that it is circumferentially
enclosed in the enclosure, e.g. surrounded by said base substrate and said cover substrate. Said substrates can be of
a variety of materials e.g. ranging from homogenous of glass or monocrystalline silicon to more complex substrates like
a chemical hardened glass that is covered with a multilayer optical coating.
[0013] At least the cover substrate of the enclosure comprises preferably a glass or glass-like material, e.g. glass
ceramics or crystallines. Furthermore, silicone based substrates as base and/or cover substrate can be used, also in
combination with the glass or glass based substrates. The base substrate and the cover substrate are hermetically
welded by means of at least one laser weld line. The laser weld line is typically obtained by shooting a short pulsed laser
beam from a laser source into the material with a defined wave length and energy so that a series of beam spots is
placed into the material of the enclosure at each laser focus which is set in the laser source. By placing the beam spots
so close together that the resulting nonlinear absorption zone at least is in contact with the neighbouring nonlinear
absorption zone, or even overlaps with it, heat accumulation can occur that produces a continuous welding "line" can
be obtained. In some aspects this can be seen as being in quite a similar manner as known welding methods e.g. for
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welding metal, where it is also possible even by means of a point-by-point spot-welding method to obtain a near-to-
continuous weld line in the metal in the end.
[0014] The laser weld line comprises an height HL in a direction perpendicular to its connecting plane. The connecting
plane is the direction, in which the neighbouring or consecutive beam spots are set. Typically, the laser welding is
performed from an "above" perspective, in such a meaning, that the substrate stack is positioned e.g. on a surface -
such as a table - and that the laser is shot from above at least through the uppermost substrate layer - or through more
than one substrate layers - to the place of the beam focus. The height HL thus is measured in the direction of the laser
beam, where the width of the laser weld line is measured perpendicular with respect to the direction of the laser beam.
[0015] When defining a first laser weld line in a certain amount of material in the enclosure, it may occur that a thermal
stress is induced locally in that certain amount of material, for example in a region around the laser weld line. It thus
may be the case, that the certain amount of material comprises a lower mechanical stability when one laser weld line
has been defined. As this it has been found out, that also the enclosure as a whole may comprise a lower mechanical
stability when only one laser weld line is provided for each contact surface.
[0016] Surprisingly, it has been found that when a second laser weld line is placed close to the first laser weld line,
the same amount of material in the enclosure may achieve an improved mechanical stability, even improved with respect
to the situation without any laser weld line. So to say, by defining the second laser weld line in the enclosure, which at
least overlaps with the first laser weld line, it is possible to reduce thermal stress at least in said amount of material.
Additionally, it is possible to reduce also thermal stress in the enclosure as a whole when positioning the second laser
weld line overlapping with the first laser weld line.
[0017] The enclosure as described in the application documents comprises an improved mechanical stability. This
said, the mechanical stability is preferably improved by means of introducing at least two laser weld lines for each contact
surface, wherein in between each two neighbouring substrate layers there is situated one contact surface. Additionally,
the mechanical stability can be further improved when at each side of each contact surface there is at least one laser
weld line overlapping with the laser weld line positioned at the other side of the same contact surface.
[0018] Additionally, or in other words, the mechanical stress in the at least one laser weld line is reduced, thus improving
the mechanical stability of the hermetically sealed enclosure as a whole. This means, that by means of introducing an
additional laser weld line into the material, and which overlaps with an "older" laser weld line which has already been
placed in the material before, mechanical stress can be reduced or even eliminated in the material.
[0019] So to say, the mechanical stress in the at least one laser weld line, being the "older" laser weld line which is
already placed in the material, is reduced by means of a stress reduction process step, and/or by means of a crack
reduction step. During the stress reduction process step (which may also involve said crack reduction) any stress in the
stress zone nearby the new laser spot can be changed. Depending on, among other adjustable features, where the new
laser spot is set in the material, this may involve an increase of stress or a decrease up to ceasing of stress in the material.
[0020] The new laser spots can advantageously be set as another weld line, but it is not necessarily limited to this.
So in other words, by means of thoughtful placement of laser spots, without the need of lining up the second laser spots
in a sequence of a weld line, the stress can also be reduced. But the enclosure may comprise at least a second laser
weld line situated next to the first laser weld line and/or situated such that a stress reduction is achieved by means of
the second laser weld line. This is a preferred embodiment, as in the case when the second laser spots are set in the
same sequence as the first ones, meaning that a second laser weld line is placed next to the first laser weld line, it can
be assured in an easy manner that the stress introduced by the first laser weld line is eliminated throughout the material.
[0021] The first laser weld line may introduce a stress zone in the enclosure, where in the stress zone in inner stress
or tension persists in the solidified material.
[0022] The second laser weld line is therefore advantageously positioned in or next to the stress zone induced by the
first laser weld line. By this, the second laser weld line interacts with said stress zone, and can even eliminate the stress
zone positioned next to the second laser weld line. In other words, the second laser weld line relieves the stress zone
so that a stress-free or nearly stress-free zone is established, and/or so that the laser welded enclosure is stress-free
or nearly stress-free.
[0023] The enclosure may comprise a cavity inside the enclosure, which may be, that said function zone is said cavity
enclosed inside the enclosure. Residuent stress in the area of the cavities of a package can be especially critical because
damage of the package is most often observed in the region where cavity reaches the frame of the package. It is
advantageous to place an at least two dimensional laser weld line around the cavity for tempering the edges of the
cavity, which is, for tempering the material situated around the cavity. By this, the inner side of the enclosure, which is
surrounding the cavity or the cavities in the enclosure, can be tempered and strengthened, so that it may be more
resistive with respect to any forces from inside or outside. For example, the inside of the cavity may comprise a higher
or lower pressure as compared to the outside of the enclosure, thus introducing additional tension forces by the pressure
difference. When the material surrounding the cavity/cavities in the enclosure is tempered, the enclosure can withstand
higher forces without breaking or functional losses.
[0024] The at least one laser bond line can be designed to circumfere the function zone in a distance DF. This distance
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can be set as equal around the function zone. As an example, the distance may correspond to the height HF or less, or
corresponds to double the height HF or less.
[0025] Each laser bond line may be situated such that it extends into two different substrates of the enclosure, wherein
for example the laser bond line extends from the base cover layer into its neighbouring layer, e.g. the top cover layer,
and wherein the laser bond line welds the two different substrates with each other.
[0026] The enclosure may comprise an elastic or flexible layer, in particular as an intermediate layer between other
layers, so that the hermetically sealed enclosure is deformable e.g. by means of pressure change or by means of a
mechanical force. By such an elastic layer, the enclosure could be used e.g. as an adjustable lens.
[0027] The enclosure can further be embodied to comprise an inner coating zone, positioned for example around the
function zone. For example, the welding process using the laser source can be directed to change a material property
on the surface areas directly surrounding the function zone / the cavity. This corresponds to putting a coating on said
surface areas.
[0028] Further, each substrate may comprise multiple layers and be provided as a multilayer compound. So in other
words, multilayer compounds can be used and adjoined by means of the laser welding process. This may include, that
a multilayer compound is prepared in advance and is welded as a whole in the manufacturing process with one or more
other substrates to provide for said enclosure.
[0029] By means of comprising multilayer compounds, further material properties can be added to the enclosure in
an easy way. For example, such a multilayer compound can comprise a pre-stress, or a preferred pre-stress direction,
so that when laser bonding such a multilayer compound the inner stress level of the multilayer compound can enhance
for example the resistance of the enclosure, e.g. be a hardened multilayer compound. Thus an even improved hardening
may result for the enclosure as a whole. Additionally or alternatively, such a multilayer compound can comprise a coating
layer, for example a coating layer which is difficult to weld by means of laser welding, so that some of or all of the
intermediate compound layers are provided as a "pack" or "stack" already sticked together. Such a coating may comprise
an optical coating.
[0030] Glass or glass-like substrates, where an optical coating has been added on the front or back side or both, can
also be welded to other substrates (coated or not) and subsequently hardened. Preferably, the substrate which comprises
coating is at least partly transparent at the emitting wavelength of the welding laser, if it extends into the planned beamline
of the welding laser. For example a substrate with an antireflection coating in the VIS wavelength regime is typically
achieved by sputtering several alternating thin layers of Titanium Oxide and Silicon Oxide. Here welding can be achieved
with a laser emitting in the NIR.
[0031] The enclosure may comprise any number of additional intermediate layers positioned in between the base
layer and the cover layer, for example three intermediate layers.
[0032] The function zone may be situated in the or one of the intermediate layer(s). In this configuration, the function
zone can be covered by said base layer on its bottom side and/or by said cover layer on its top side.
[0033] The function zone can be designed as a cavity, wherein a function component such as an electrical component
can be arranged in said cavity to be protected by the enclosure.
[0034] The hermetically sealed enclosure can comprise one or more function component(s) comprising a power sem-
iconductor, such as a GaN-LED, a SiC-, GaAs- or GaN- power transistor being positioned inside the cavity. Additionally
or alternatively, the hermetically sealed enclosure can comprise through vias for establishing an electrical contact from
the inside of the enclosure with the outside, e.g. for contacting a contact pad at the outside of the enclosure.
[0035] So at least one of the substrate layers, for example the base cover layer, may comprise one or more through
vias for electrically contacting the function zone with the surrounding outside of the enclosure, for example a contact
pad on the lower side of the base cover layer.
[0036] The substrates of the enclosure may comprise a thickness of below 3 mm, preferably below 1500 mm, preferably
below 500 mm, preferably below 120 mm and further preferably below 80 mm. The base cover layer and/or the top cover
layer may also be thinner than the one or more intermediate layers, for example comprising half the width of the inter-
mediate layers or less. The enclosure may comprise a size of 10 mm x 10 mm or less, preferably 5 mm x 5 mm or less,
further preferably 2 mm x 2 mm or 1 mm x 1 mm or less. Also, the enclosure may comprise an height which is greater
than its width.
[0037] According to the invention is also the use of a hermetically sealed enclosure for making a medical implant, a
micro lens compound, a micro optical chip, a pharma packaging, or an LED device.
[0038] Further according to the invention is also a method of providing a hermetically sealed enclosure, for example
as explained in detail above and below, wherein the enclosure encloses a function zone such as a cavity, the method
comprising the steps of providing a base substrate and aligning a cover substrate above the base substrate in such a
way, that at least one contact surface is arranged between the base substrate and the cover substrate. Hermetically
sealing the function zone by means of introducing a first laser weld line in the enclosure, introducing a second laser weld
line at the same position as the first laser weld-line or at a position close to or overlapping with the first laser weld line;
and relieving stress in the area of the first laser weld line of the enclosure by means of introducing said second laser
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weld line.
[0039] In the method a laser beam source can be used to introduce the laser weld lines into the enclosure. The laser
beam can be guided around the function zone for making the laser weld line along the contact area between the base
substrate (3) and its neighbouring substrate, e.g. the cover substrate.
[0040] Said laser source can be a pulsed laser source, wherein several laser pulses are introduced along the laser
weld line, so that a continuous or continuous-like weld-line is composed from the several laser pulses.
[0041] According to the invention there is also provided a tempered sealed enclosure made by the method as depicted
above and below.
[0042] The invention is described in more detail and in view of preferred embodiments hereinafter. Reference is made
to the attached drawings wherein like numerals have been applied to like or similar components.

Brief Description of the Figures

[0043] It is shown in

Fig. 1a a schematic cross-sectional side view of an enclosure,
Fig. 1b a detail of Fig. 1 showing laser weld lines,
Fig. 1c a cross-sectional side view of another embodiment comprising five substrate layers,
Fig. 2 a schematic top view of an enclosure,
Fig. 3 a cross-sectional side view along a laser weld line in an enclosure,
Fig. 4 a cross-sectional view of a laser spot zone,
Fig. 5 an example of tempering a previous weld line,
Figs. 6 to 15 an exemplary method of making an enclosure / several enclosures,
Fig. 16 a cross-sectional side view of an enclosure when tempering the edges of a cavity,
Fig. 17 a cross-sectional side view of a multi-layered enclosure, where several cavities are arranged in each

enclosure,
Fig. 18 a photography of multiple weld lines in and around the contact surface of two substrates.

Detailed Description of the Invention

[0044] Fig. 1a shows a sectional view of an embodiment of an enclosure. An intermediate layer 4 is arranged on top
of the base layer 3, where the function zone 12 is arranged in an intermediate layer 4 of the enclosure 1. On top of the
intermediate layer 4 a cover layer 5 is arranged. All of the layers 3,4,5 can also be multi-layered components, e.g.
chemically hardened glass with an dielectric coating that covers one or both side partially or wholly. This can also be
the case for all of the following descriptions. The function zone 12 is a cavity, where a function component 2 such as an
electrical component or lens is situated inside the cavity 12. Between the base layer 3 and the intermediate layer 4 on
the one side and the intermediate layer 4 and the cover layer 5 on the other side there is situated a respective contact
surface 25. The base layer provides the bottom 22 of the cavity 12, the intermediate layer 4 comprises the side wall 21,
where the cover layer 5 comprises the top 23 of the cavity 12.
[0045] Referring to Fig. 1b a detail of a corner of the enclosure 1 is shown, where the interface zone 8 welded by a
laser beam is shown in more detail. In this embodiment, there is one interface zone 8 in each contact surface 25, where
each interface zone 8 is a laser weld line going around the cavity 8. In other words, each interface zone 8 constitutes a
circumferentially closed ring or closed line.
[0046] Fig. 1c shows another example for an enclosure, where several intermediate layers 4a, 4b, 4c are used, and
a stack 18 of layers 3, 4a, 4b, 4c, 5 is formed. Again, at each contact surface 25 there is arranged a respective laser
weld line 8. As a result of the laser welding, the respective layer or substrate is firmly bonded or affixed to the neighbouring
layer. The top layer 5 of this example might be a glass layer. The intermediate layers 4a, 4b and 4c may also be provided
as a multilayer compound 4, and the cavity 12 can then be cleared e.g. by means of an abrasive method.
[0047] For example, the base substrate can be a wafer or a printed circuit board, for example made from aluminium
nitride. The function zone 12 can also be formed as a recess e.g. in the base layer 3, made e.g. by an abrasive method
such as sandblasting.
[0048] Fig. 2 shows a top view of an enclosure 1 according to the invention, where the circumferential laser weld line
8 encloses the function zone 13. The function zone 13 can be designed to meet different requirements according to the
needs, for example this can be an optical receptor, or a technical, electromechanical and/or device 2 arranged in the
function zone 13. It is also possible, that several different tasks are accomplished by the function zone 13, e.g. in that
different devices 2 are installed in a function zone 13.
[0049] Referring to Fig. 3 another sectional view of an embodiment of the enclosure 1 comprising a base layer 3 and
a cover layer 5, both in the form of substrates. In other words the enclosure 1 comprises two layers, a base substrate
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3 and a cover substrate 5. Further, Fig. 3 indicates how a laser weld line 8 is typically composed, which is, that a multitude
of laser pulses 16 is set so close to each other and aligned in the form of a line so that the material of the base substrate
3 and the cover layer 5 melts and merges with each other, preferably without any gap, so that as a result the function
zone 13 or the cavity 12 is hermetically sealed by means of the laser weld line 8 or the laser weld lines 8 surrounding
the function zone 13 or the cavity 12.
[0050] Referring now to Figs. 4 and 5 it is explained how with the introduction of several close laser weld lines 8 the
stress in the material of the various substrates 3, 4a, 4b, 5 etc. may be reduced in an inventive manner. Fig. 4 shows a
cross-section of a typical weld line 8, which is, the cross-section of a modification caused by several laser pulse shots
16, where the many shots of laser pulses 16 cause through overlapping nonlinear absorption zones a line where heat
accumulation takes place and a laser weld line 8 forms. The cross-section through such a weld line is depicted in Fig.
4. It comprises several distinguishable areas. First an area of nonlinear absorption 31, which corresponds more or less
with the laser focus and which is in the size of a few micrometre. Above that zone 31 - when the laser 9 is shot from
above the substrate stack 18 ,an elongated "bubble-shaped" region 32 (also referred to as "bubble 32" due to its typically
quite characteristic shape comparable to an elongated bubble) can be formed which is only a few micrometre in width,
but typically up to several tens of micrometre in height. Around that bubble-shaped region 32 there is situated a melting
region 33 with a width w and an height h, where temperatures above Tg may be reached and the glass therefore (after
cooling or dissipation of warmth) has resolidified. The melting region 33 with the included elongated bubble 32 can
usually clearly be identified, e.g., with a light microscope, since its density and with this the refractive index has changed
with respect to the surrounding glass. In some cases the area of nonlinear absorption 31 can also be observed as optical
damage on the lower tip of the melting region 33.
[0051] Around the melting region 33 and in a heated region 34 the glass has received from heat accumulation of the
multiple laser shot 9 an amount of energy by means of which its temperature raises to lower than Tg (the melting
temperature of the respective material) but still significantly above room temperature. Due to heat diffusion this temper-
ature is not the same in every corner of the heated region 34. The size of the heated region 34 scales with the size of
the melting region 33. Thus, the dimensions and in particular the boundary of the melting region 33 can serve as an
indicator for the dimensions of the heated region 34.
[0052] In the make of the present invention it has been found out that any weld line 8 may also double serve as a local
heat source for tempering the substrate material. Tempering is typically known as a heat treatment of glass in order to
make it stronger, more resistant to heat and break. This is the same for the tempering presented in this disclosure, but
however without the several disadvantages of any tempering method as known in the art. Here, given a certain profile
of the weld line 8, which is characterized by height h and width w of the melting region 33, the heat region 34 may be
placed by means of a weld line 8 and with respect to the to be tempered region or feature. By means of such a tempering
feature, former weld lines 8 may be stress reduced, or even micro-cracks may be removed from the material.
[0053] Typical values, which have been found out which serve as an improvement or tempering of the substrate layer
material, are presented in table 1 below:
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[0054] In tab. 1 for different purposes ("feature") the respective benefit which is obtained when tempering is done is
indicated. In the third and fourth column, typical values are listed which typical widths may be obtained for the respective
zone improved by means of the "laser induced tempering" method presented herein.
[0055] For example, for the case that one laser weld line 8 has been shot into a substrate layer, then the material of
the respective substrate layer has received an amount of stress which is stored therein. By means of shooting a second
laser weld line 8 close to the first one, the stress introduced by the first laser weld line 8 can be reduced, and may even
be cancelled out as will be explained further below. In another example given in table 1, when improving an edge of a
cavity 12, micro cracks can be eliminated, so that the cavity 12 is more stable and comprises a higher resistance with
respect to any forces from outside or inside.
[0056] In yet another example given in table 1, in a pre-scored plane cleaving tensions can be healed and at the same
time also micro cracks reduced or eliminated. In a waveguide element for example, a gradient refractive index can be
set up which may reduce losses of the waveguide.
[0057] In an interface between two layers, again stress and micro cracks can be reduced. For example on a glass-
coating-class interface, an hermetic sealing of the coated interface can be performed. When the surface or edge has
been hardened by other means, e.g. by means of chemical hardening or temperature hardening, or even for any surface
or edge, a localized stress adaption profile can be performed in the material. In the case when metal is filled through
glass vias a better metal retainment in the hole can be achieved, as given in table 1. And finally, close to any dicing line,
the edges of the singulated chips can be toughened.
[0058] Referring to Fig. 5, the lower laser weld line 8 has been performed first, and a "curing" second laser weld line
8a has been performed thereafter. Any distortion which had been introduced by the first laser weld line 8 has been
neutralized by performing the second laser weld line 8a. In this example, the two laser weld lines 8, 8a achieve the
additional feature that substrates are welded together, where the first laser weld line 8 welds the base substrate 3 to the
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first intermediate layer 4a, and the second laser weld line 8a welds the first intermediate layer 4a with the second
intermediate layer 4b along each contacting area 25.
[0059] The Figs. 6 to 14 show an exemplary way of composing an enclosure 1 according to the invention, which is
also a method of manufacturing the same. The enclosure 1 of this embodiment is covered on both sides by means of
a cover substrate which may be thinner than the "inner" substrates, but this is of exemplary reason only. Introducing
additional cover substrates on both sides of the template may be advantageous as will be described below in more
detail, as has been found out in making the present invention, that by introducing additional cover substrates it can be
possible to eliminate even more stress in the materials of the inner substrates.
[0060] It should be noted that it is not necessary to perform the steps as shown in Figs. 6 to 14 in an isolated manner,
but rather that it is possible to provide a full stack 18 as e.g. shown in Fig. 14 and to laser weld each laser weld line 8
in a full stack 18 rather than in a layer-wise manner providing each layer after the next higher layer has been provided.
[0061] Additionally, it might be noted, that in Figs. 6 to 14 a number of enclosures 1 - here two enclosures 1 - are
prepared and made at the same time with the same process of manufacturing the same, and afterwards the two enclosures
1 are separated from each other along the dicing line 10 indicated e.g. in Fig 6. However, of course each enclosure 1
can also be prepared and made separately.
[0062] According to Fig. 6, a lower cover substrate 3 is provided and a first intermediate layer 4a is arranged on top
of the lower cover substrate 3. Thus, it could be said that an intermediate product 1 is formed, but in a simple embodiment
an enclosure 1 could yet be formed by adjoining two layers and welding each enclosure 1 by at least one laser weld line 8.
[0063] Fig. 7 indicates stressed areas 35 in the first intermediate layer 4a, introduced by forming the laser weld line
8 in the material of the enclosure 1. In this example, forming the laser weld line 8 in the material results in residual stress
and/or micro cracks in the weld region 35, which occurs due to fast local heating and relaxation of the material and/or
due to thermal differences in the material. For reasons of explanation it may be added, that such structurally weak areas
35 can even be worsed when in an area below the next/second weld line cracks or initial cracks could even be intensified.
[0064] The "physical" weld line 8, which corresponds to the melting region 33, can be seen by means of a change in
the refractive index at its outer circumference. "Above" this physical weld line 8 - when the laser is shot into the material
also from above - there occurs the stressed area 35 with an initial "distortion pool". The distortion pool results from mainly
thermal induced stress in the welding effected zone 35, but might comprise initial micro cracks or the like.
[0065] Fig. 8 shows the substrate stack 18 in the moment of placing a second and a third weld line 8a, 8b into the
enclosure 1, where a second intermediate layer 4b is arranged on top of the first intermediate layer 4a. The second
intermediate layer 4b constitutes the rim 21 or the "frame" of the future cavities 12. The stressed zones 35 are indicated
similar to the embodiment of Fig. 7 as in the moment where the embodiment of Fig. 8 is shown the stressed zones 35
still persist, but will decrease thereafter as indicated in Fig. 9. The first weld line 8 has already cooled down, whereas
in the second and third "hot" weld lines 8a, 8b still the heating region 34, the elongated bubble 32, the melting region
33 and the area of nonlinear absorption 31 are indicated (see e.g. Fig. 4 for details). The contact surface 25 between
the first intermediate layer 4a and the second intermediate layer 4b is welded for the most part by means of the two weld
lines 8a and 8b, whereas at the left part of Fig. 8 it is indicated, how the material alters when only one weld line 8a is used.
[0066] Referring to Fig. 9, the enclosure 1 after the welding step shown in Fig. 8 has cooled down and the stressed
areas 35 have evolved. As can be seen in Fig. 8 in the middle and rightmost part, where the two weld lines 8a and 8b
have been set, the material of the first intermediate layer 4a is stress-free. It has been found out that if the two weld lines
8a, 8b are set close to each other, e.g. one below and one above a contact surface 25 which is to be welded, that then
the stress and even the maybe present micro cracks can be "cured" in the material around the welding zones. This is
of particular interest, as the contact surfaces 25 in between any substrate layer of the stack 18 / the enclosure 1 typically
constitutes one of the most critical areas with respect to its integral stability. Now new stressed zones 35 have evolved
in the second intermediate layer 4b surrounding the later-to-be cavities 12; these stressed zones 35 can be relieved of
stress in a subsequent step (see Fig. 10).
[0067] Reverting now to the left part of Fig. 9 only one second weld line 8a has been introduced here in the material.
In this area, stress persists in the material of the first intermediate layer 4a thus resulting in a weaker material composition,
which is, worse withstanding any bending forces or impacts, where even micro cracks may persist.
[0068] Fig. 10 shows a next consecutive step of manufacturing an enclosure 1 according to the invention. A third
intermediate layer 4c is positioned on top of the second intermediate layer 4b so as to close the cavities 12. If any
electronics or function component 2 should be inserted into the cavity 12 or the function zone 13, then in this exemplary
method of manufacturing an enclosure 1 it should be added prior to the step shown in Fig. 10. By means of exemplary
reasons, the left cavity 12 comprises a function component 2. A third and fourth laser weld line 8c and 8d has been shot
at the enclosure 1 leaving a relatively hot zone, which has yet to cool down. The stress zones 35 indicated in this example
correspond to those shown in Fig. 9, as the laser weld zones are still hot and the stress relief in the respective zones
did not yet has come to pass. The contact surface 25 between the second and third intermediate layers 4b, 4c has been
welded with the two laser weld lines 8c and 8d.
[0069] As can be retrieved from Fig. 11, the stress zones 35 in the middlemost and right part of the figure have
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disappeared, meaning that the stress has been reduced or eliminated in the material of the enclosure 1. But in the left
part of Fig. 11, which is shown for comparative reasons only, where each contact surface 25 has only been welded with
each one laser weld line 8b, 8d stress persists in the material, as is indicated with the stress zones 35 which also remain
in the first and second intermediate layer 4a, 4b.
[0070] Referring now to Fig. 12 a consecutive step for making an enclosure 1 according to the invention is shown,
where an upper cover layer 5 is arranged above the third intermediate layer 4c and welded to the same with one additional
weld line 8e; Again, the very moment when the laser is shot into the material of the enclosures 1 is indicated with Fig.
12, so that the stress zones 35 are the same with respect to the situation shown in Fig. 11. A full stack 18 of substrates
is finished. In Fig. 13, the resulting stress relief can be seen, as in the middle part and the right part no stress zones 35
remain. In the left part, which again is indicated only for comparative reasons, in order to easier understand the reasons,
and where only one laser weld line 8 is used for welding each contact surface 25, still stress zones 35 persist in the
material, thus weakening the same. But in the third intermediate layer 4c, where two laser weld lines 8d and 8e are
situated, a full stress relief can be achieved. As is now clear from Fig. 13 and the before-mentioned explanations, the
bottom and top cover layers 3 and 5 allow in the end for an enclosure, which gains benefit from all advantages of being
laser welded, but which does not suffer from additional stress in the material. The material is tempered, so that micro
cracks are equalled, but without the disadvantages of classical tempering methods. For example, electronics or function
components 2 can be installed in the enclosure 1, which would not be possible with normal tempering due to the necessary
high temperatures throughout the whole material of the enclosure 1. But however, the outermost layers, which are the
lower cover layer 3 and the upper cover layer 5, can for example be tempered (which is: relieved of stress) by means
of classical methods, which is, by means of heating up the layers 3, 5 above a melting temperature.
[0071] Referring now to Fig. 14 an embodiment is shown, where a full stack 18 of substrates 3, 4a, 4b, 4c and 5 is
arranged on each other, where the laser weld lines 8, 8a, 8b, 8c, 8d and 8e are introduced into the material one after
another. Finally, the two enclosures 1 are cut or separated along the dicing line 10, and with Fig. 15 a single enclosure
1 is shown which can be obtained with the above explained method of manufacturing the same.
[0072] With Fig. 16 another example of tempering around the edge of a cavity 12 is shown. An at least two-dimensional
weld line 8 is performed around the cavity 12, where by means of the laser weld line 8 not only the formerly separated
substrates 3, 4 and 5 are welded together, but also any stress in the zone surrounding the cavity 12 is eliminated or at
least significantly reduced, including elimination of possible micro cracks. Such micro cracks can be persistent in the
material, or be brought in the material e.g. when cutting out material for making the cavity 12. A subsequent line of laser
shots 16 is set close to each other to build the laser weld line 8 around the cavity 12.
[0073] Referring to Fig. 17 a multi-layered example is shown, where each enclosure 1 comprises three cavities 12,
and at the same time where three enclosures 1 are made together in the same manufacturing process, but are separated
in a separation step after finishing laser welding for example along the dicing lines 10 indicated in Fig. 17. Several laser
weld lines 8 are introduced into the material as described above in order to eliminate or decrease stress in the material
of the enclosures 1. Each cavity 12 typically comprises a function component 2, whereas such a function component 2
is indicated in one cavity 12 only for reasons of ease of understanding.
[0074] Fig. 18 shows a photography of two substrates 3 and 5 laser welded together along a laser weld line 8, where
the change in refractive property can be seen as well as the reduction of stress in the material, which shall serve as
proof-of-principle of the above-indicated method and enclosure 1.
[0075] It will be appreciated that the features defined herein in accordance with any aspect of the present invention
or in relation to any specific embodiment of the invention may be utilized, either alone or in combination with any other
feature or aspect of the invention or embodiment. In particular, the present invention is intended to cover an enclosure
1 and/or a method of manufacturing an enclosure 1 configured to include any feature described herein. It will be generally
appreciated that any feature disclosed herein may be an essential feature of the invention alone, even if disclosed in
combination with other features, irrespective of whether disclosed in the description, the claims and/or the drawings.
[0076] It will be further appreciated that the above-described embodiments of the invention have been set forth solely
by way of example and illustration of the principles thereof and that further modifications and alterations may be made
therein without thereby departing from the scope of the invention.

List of reference signs:

[0077]

1 enclosure
2 device or function component
3 lower substrate, base layer or lower cover substrate
4, 4a, 4b intermediate layer or multilayer compound
4c intermediate layer
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5 upper cover layer, cover substrate
8, 8a, 8b, 8c, 8d, 8e, laser weld line
9 focussed laser beam
10 dicing line
12 cavity
13 function zone
14 edge
15 laser unit
16 laser pulse
18 stack of substrates; wafer stack
21 edge/rim of cavity
22 bottom of cavity
23 top of cavity
25 contact surface
31 area of nonlinear absorption
32 elongated bubble
33 melting region
34 heating region
35 stressed area

Claims

1. An enclosure (1), comprising:

at least a base substrate (3) and a cover substrate (5), which constitute at least a part of the enclosure;
a function zone (12, 13) situated such that it is at least partly enclosed in the enclosure;
wherein at least the cover substrate or the base substrate comprises preferably a glass or glass-like material
or a silicon based material;
wherein the base substrate and the cover substrate are welded by means of at least one laser weld line (8);
where the laser weld line comprises a height HL in a direction perpendicular to its connecting plane,
wherein the mechanical stress in the at least one laser weld line is reduced, thus improving the mechanical
stability of the enclosure.

2. The enclosure (1) according to the preceding claim,
wherein the mechanical stress in the at least one laser weld line (8) is reduced by means of a stress reduction
process step, and/or by means of a crack reduction step.

3. The enclosure (1) according to at least one of the preceding claims,
wherein the enclosure comprises at least a second laser weld line (8a, 8b, 8c, 8d, 8e, 8f) situated next to the first
laser weld line and/or situated such that a stress reduction is achieved by means of the second laser weld line.

4. The enclosure (1) according to the preceding claim,
wherein the first laser weld line (8) introduces a stress zone (35) in the enclosure,
wherein the second laser weld line (8a, 8b, 8c, 8d, 8e, 8f) is positioned in or next to the stress zone induced by the
first laser weld line, and
wherein the second laser weld line relieves the stress zone so that a stress-free or nearly stress-free zone is
established, and/or so that the laser welded enclosure is stress-free or nearly stress-free.

5. The enclosure (1) according to at least one of the preceding claims, further comprising a cavity (12) inside the
enclosure or wherein the function zone (13) is said cavity,
further comprising an at least two dimensional laser weld line (8) around the cavity for tempering the edges of the
cavity.

6. The enclosure (1) according to at least one of the preceding claims, wherein the at least one laser bond line (8, 8a,
8b, 8c, 8d, 8e, 8f) circumferes the function zone (12, 13) in a distance DF, where the distance corresponds, for
example, to the height HF or less, or corresponds to double the height HF or less.
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7. The enclosure (1) according to at least one of the preceding claims,
the enclosure providing hermetical sealing for the function zone, so that the enclosure is a hermetically sealed
enclosure; and/or
wherein the function zone (13) is circumferentially enclosed in the enclosure.

8. The enclosure (1) according to at least one of the preceding claims,
further comprising an elastic or flexible layer (4a, 4b, 4c, 4d), so that the enclosure is deformable e.g. by means of
pressure change or by means of a mechanical force.

9. The enclosure (1) according to at least one of the preceding claims, further comprising an inner coating zone (36),
positioned for example around the function zone (12, 13).

10. The enclosure (1) according to at least one of the preceding claims, wherein at least one of the substrates of the
enclosure is provided as a multilayer compound (4), for example comprising one or more coating layers or pre-
stress zones and/or providing one or more substrates.

11. The enclosure (1) according to at least one of the preceding claims, further comprising an intermediate layer (4, 4a,
4b, 4c, 4d, 4e) positioned in between the base layer (3) and the cover layer (5), wherein, for example, the intermediate
layer is provided as a multilayer compound.

12. The enclosure (1) according to the preceding claim, wherein the function zone (12, 13) is situated in the or one of
the intermediate layer(s) (4, 4a, 4b, 4c, 4d, 4e) and is covered by said base layer (3) on its bottom side and by said
cover layer (5) on its top side.

13. The enclosure (1) according to at least one of the preceding claims, wherein the function zone (12, 13) is a cavity
(12) and wherein a function component (2) such as an electrical component is arranged in said cavity to be protected
by the enclosure.

14. The enclosure (1) according to the preceding claim, wherein the function component (2) comprises a power semi-
conductor, such as a GaN-LED, a SiC-, GaAs- or GaN- power transistor being positioned inside the cavity (12).

15. The enclosure (1) according to at least one of the preceding claims, wherein each laser bond line (8, 8a, 8b, 8c, 8d,
8e, 8f) is situated such that it extends into two different substrates (3, 4a, 4b, 4c, 4d, 4e, 4f, 5) of the enclosure,
wherein for example the laser bond line extends from the base cover layer (3) into the top cover layer (5), and
wherein the laser bond line welds the two different substrates with each other.

16. The enclosure (1) according to at least one of the preceding claims, wherein the substrates (3, 4a, 4b, 4c, 4d, 4e,
4f, 5) comprise a thickness of below 3 mm, preferably below 1500 mm, preferably below 500 mm, preferably below
120 mm and further preferably below 80 mm, and/or
wherein the base cover layer (3) and/or the top cover layer (5) is thinner than the one or more intermediate layers
(4a, 4b, 4c, 4d, 4e, 4f), for example comprising half the width of the intermediate layers or less.

17. The enclosure (1) according to at least one of the preceding claims, wherein at least one of the substrate layers (3,
4a, 4b, 4c, 4d, 4e, 4f, 5), for example the base cover layer (3), comprises through vias for electrically contacting the
function zone (12, 13) with the surrounding outside of the enclosure, for example a contact pad on the lower side
of the base cover layer.

18. The enclosure (1) according to at least one of the preceding claims, wherein the enclosure comprises a size of
10mm x 10mm or less, preferably 5mm x 5mm or less, further preferably 2mm x 2mm or 1 mm x 1 mm or less, and/or
wherein the enclosure comprises an height which is greater than its width.

19. Use of an enclosure (1) according to at least one of the preceding claims for making a medical implant, a micro lens
compound, a micro optical chip, a pharma packaging, an LED or an optical assembly for an augmented reality device.

20. Method of providing a enclosure (1), for example as claimed in any of the preceding claims, wherein the enclosure
encloses a function zone (12, 13) such as a cavity (12), the method comprising the steps:

providing a base substrate (3) and aligning a cover substrate (5) above the base substrate in such a way, that
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at least one contact surface (25) is arranged between the base substrate and the cover substrate,
hermetically sealing the function zone by means of introducing a first laser weld line (8) in the enclosure,
introducing a second laser weld line (8a, 8b, 8c, 8d, 8e, 8f) at the same position as the first laser weld-line or
at a position close to or overlapping with the first laser weld line, and
relieving stress in the area of the first laser weld line of the enclosure by means of introducing said second laser
weld line.

21. The method of providing a enclosure (1) as claimed in the preceding claim,
wherein a laser beam source (9) is used to introduce the laser weld lines (8, 8a, 8b, 8c, 8d, 8e, 8f), into the enclosure;
and
wherein the laser beam is guided around the function zone (12, 13) for making the laser weld line along the contact
area (25) between the base substrate (3) and the cover substrate (5).

22. The method as defined in the preceding claim, wherein the laser source (9) is a pulsed laser source and wherein
several laser pulses are introduced along the laser weld line (8, 8a, 8b, 8c, 8d, 8e, 8f), so that a continuous or
continuous-like weld-line is composed from the several laser pulses.

23. Tempered sealed enclosure (1) made by the method as claimed in any of the preceding method claims.
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