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DESCRIPTION

[0001] The present invention relates to micro-optical elements for high power diode lasers and
In particular, though not exclusively, to a monolithic fast-axis collimator array.

[0002] High power diode lasers are used In applications such as pumping of solid state lasers
and directly in materials processing. In order to achieve the required power levels in a compact
package, diode bars of emitters are arranged In stacks providing a two-dimensional array of
emitters. The diode bars are typically a 10mm long semiconductor bar fabricated with 19 to 79
emitters having widths of 100 to 200um. Fill factors typically range from 10% to 80% as a result
of different combinations of emitter width and emitter pitch. For CW stacks the bar pitch is In
the range 1 to 2mm, while for QCW stacks pitch can be smaller, in the range 300pum to 2mm.
The semiconductor Is solder-bonded to a heat sink which can include channels for water
cooling. A common configuration of commercially produced units stacks ten bars, each bar
emitting 50-100W, to build up a total laser power of 500-1000 W. Power levels up to 500W per
bar are achievable on QCW systems.

[0003] While such an arrangement produces high power, the beam quality 1s unacceptable for
many applications. For high-brightness applications and also for some medium-brightness
applications, by which we mean those with divergence well below the ex-facet divergence, the
beam must be, at least, collimated. Manufacturers typically attach an individual fast-axis
collimator to each bar. The most common fast-axis collimators are plano-acylindrical lenses,
which are used to provide low aberration collimation for the high numerical aperture fast-axis
beam, and cylindrical rod lenses, which provide poorer quality collimation at lower cost. The
fast-axis refers to the vertical axis (perpendicular to the semiconductor wafer) where the beam
diverges quickly (NA~0.5) from an emitter region in the um range. This Is In contrast to the
slow-axis, parallel to the face of the bars, where the emitter region is more typically 100 ym
(NA 0.05-0.1). The slow axis (x-axis) and the fast axis (y-axis) are perpendicular to each other
and orthogonal to the propagation direction of the beam (z-axis).

[0004] For many applications, the resultant beam quality is still insufficient. The disadvantages
INn using a plano-acylindrical lens along each bar are apparent as: the collimation lens cannot
be correctly positioned for all points along the bar as a result of the "smile” effect, where the
semiconductor bar 1s bent in the fast-axis direction by differential expansion during solder
bonding, resulting In beams with variable pointing direction; the "facet bending effect’, where
the semiconductor bar is bent Iin the direction of propagation again by the mechanical of the
solder bonding process, resulting iIn beams with varying residual focal power, and errors In
attaching the fast-axis collimator to the heat sink with the required positional accuracy also
degrade the angular spectrum of the emitted light. Further, surface form errors In the
acylindrical lens introduce aberrations that manifest themselves as wavefront distortion in the
near field (i.e. the collimated wavefront i1s not perfectly flat) and divergence increase, leading to
radiance loss, In the far-field. Additionally, in many applications of the laser diode stacks,
subsequent aperture filling, beam shaping and beam combining optics are required and, due
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to errors In ray angles from the fast-axis collimator, the design and effectiveness of subsequent
beam conditioning optics iIs compromised.

[0005] VWhen the fast-axis bar pitch I1s smaller than ~1.2mm, aligning and fitting individual
collimation lenses becomes mechanically difficult, due to the small amount of space available
for holding, adjusting, and fixing down each lens. WWhen bar pitch is higher than ~1.2mm, the
same problems arise when high fill-factor collimation 1s required, since this requires the
collimation lenses to be placed close together. Interleaving has been proposed (US6993059,
US7006549, US6266359, US7680170) to achieve a fast-axis collimated beam with high fill-
factor. Interleaving combines two low fill-factor beams using an interleaver optical element. The
main disadvantage with this solution s that the Interleaver element I1s expensive to
manufacture and takes up a significant amount of space. Additionally most interleaver
arrangements require two separate laser diode bar stacks. An alternative solution is to
compact a single low fill-factor beam with a step mirror or alternative optic with a similar
function. Such a mirror is described In US6240116. This solution has similar disadvantages to
those of the interleaver element.

[0006] In an attempt to overcome some of these problems, Doric Lenses Inc., Quebec,
Canada, have developed a fast-axis collimator lens array assembly using discrete fast-axis
collimators located in a holder at the end of the diode bars. The pattern of emitters in the laser
diode bar stack i1Is measured and a unique lens holder is fabricated. Individual gradient-index
cylindrical fast-axis collmator lenses are then located in the holder, with one lens per diode
pbar. In this way, the dominant irregularities in the geometry of the laser diode stack are
replicated within the fast-axis array, and consequently, the mismatch between the stack and
lens array Is significantly reduced. This approach can therefore be used for high fill-factor
collimation and can be used on arrays with small (<1.2mm) fast-axis pitch.

[0007] There are, however, significant disadvantages in this approach. For large stacks, fitting
these discrete collimators into the array is a time-consuming task, and typically this is done
either manually or using a semi-automated system that still requires human input. The
collimators must also be fixed in position, usually by epoxy, and thus a curing time Is introduced
which slows construction. Consequently, the cost of assembly and reliability in terms of
ruggedness and environmental stability is undesirable. A further disadvantage i1s that the lens
holder Is populated with standard collimators I1.e. fixed focal length and pitch, which Iimits the
optimum beam correction. Further, this approach can only correct errors In fast-axis and slow-
axis emitter position that vary linearly along each bar, and so it cannot correct for smile or facet
bending.

[0008] US 6 407 870, US2008/218671, US2003/063391, US 6 993 059 and US 5 369 659
disclose optical arrangements useful for understanding the invention.

[0009] It 1Is an object of the present invention to provide a fast-axis collimator array which
alleviates or mitigates at least some of the disadvantages of the prior art.
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[0010] It 1s a further object of the present invention to provide a fast-axis collimator array
whose properties are tailored to the geometry of a laser diode bar stack.

[0011] It I1s a still further object of the present invention to provide a monolithic array of fast-
axis collimators for use with a laser diode bar stack.

[0012] According to the present invention there i1s provided a high power diode laser

comprising an edge-emitting laser diode bar stack and a fast-axis collimator lens array
assembly according to claim 1.

[0013] In this way, the array dimensions are matched to the number of emitters and a
manufacturer needs only to mount a single optical element at the end of the laser diode bars,
consequently reducing the potential for misalignment while Increasing the speed of
construction. As the dimensions of the element in the slow-axis and fast-axis directions are
approximately 1cm x 1cm, the element is also easier to handle than multiple discrete lenses.
More particularly, the micro-optical element will provide better collimation than an array of
collimators with equal spacing in the fast axis.

[0014] The array Is two-dimensional. Thus elements can be prepared for any number of diode
bars In a stack.

[0015] Each fast-axis collimator comprises a lens form in the element. With each lens form
describing a lens shape, an array of lenses Is formed in the monolithic structure. Each lens

form matches an emitter in the laser diode bar stack and thus the element can replace the
holder and individual lenses in the prior art assembly of Doric.

[0016] Preferably, a depth of the lens shape iIs Iin the range 50um to 500um. Preferably also, a
surface of the element is smoothed and polished. In this way, a precision micro-optical element
Is formed.

[0017] The plurality of fast-axis collimators may have substantially the same characteristics
and be located in a substantially regular array in a high power diode laser outside the scope of
the present invention. This provides an array of identical fast-axis collimators on a fixed pitch
between each array on the x-axis. In this way, elements can be manufactured on a specific
fixed pitch that is based on the actual mean pitch of a specific diode bar stack for each array
on the x-axis.

[0018] Alternatively, fixed-pitch elements can be manufactured in a range of different pitches
covering the typical process tolerance of bar pitch, and may be used on a production line as

select-on-test components, iIn a high power diode laser outside the scope of the present
Invention.

[0019] Using the technique of moving lithography, the focal length of each fast-axis collimator
lens may be chosen to optimise the overall collimation for the bar that it collimates.
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[0020] The above approaches do not deal with the problems of variable pitch between bars,
variable bar-bar pitch along each bar, bar twist about the y-axis (fast-axis), bar smile, and
other departures from the ideal geometry. Each fast-axis colllmator has characteristics
determined by a corresponding individual emitter location in a measured laser diode bar stack.
In this way, the position and focal length of the fast-axis collimator array is designed to match
the precise locations, and In particular the locations in the x, y and even z axes, of the emitters
In the laser diode bar stack, giving improved beam quality as the fast-axis collimators are
iIdeally matched to each emitter.

[0021] The lens shape may be Interpolated along the slow-axis to give a continuous transition
between lens forms. This Is particularly suited for high fill factors, where the beams from
adjacent emitters may overlap before reaching the exit surface of the lens. This interpolation
advantageously avoids sudden discontinuities in surface height or slope or curvature, so that
the lens forms can be located closer together and the element positioned closer to the laser
diode bar stack i.e. providing a higher fill factor and finer pitch. Preferably, the element includes
further optical characteristics such as bow-tie correction or slow-axis collimation. Additionally,
each collimator on the fast-axis can be modified to one producing a fast-axis flat-top function In
the far-field of each emitter. By making lens shapes upon the monolithic element, any lens-
based optical characteristic can be provided in the element.

[0022] Preferably the monolithic element i1Is made of fused silica. This advantageously allows
the use of laser micro-machining to give rapid fabrication times.

[0023] As an example not falling under the scope of the invention, there iIs provided a method
of manufacturing a micro-optical element for use with a laser diode bar stack, comprising the

steps:

1. (a) providing a wavelength stabilized CO, laser with stable laser power operating on a
laser line selected from the CO» spectrum;

2. (b) providing a computer controlled acousto-optic modulator to give temporal control on
laser pulses from the CO» laser:;

3. (c) providing a computer controlled X-Y translation stage;

4. (d) locating a monolithic substrate on the translation stage;

5. (e) operating the laser, acousto-optic modulator and the translation stage to ablate
portions of the substrate in a shot-by-shot raster scan regime and form an array of
predetermined lens forms on the substrate.

[0024] In this way, a micro-optical element is produced which avoids the tooling or mask writing
steps of alternative techniques and provides for faster fabrication.

[0025] Preferably, the substrate 1s fused silica. It has been realised that such a material iIs
advantageous for laser micro-machining.
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[0026] Preferably, the method includes the additional step of operating a laser, acousto-optic
modulator and the translation stage to melt the silica in a raster scan regime to laser micro-
polish the surface of the micro-optical element.

[0027] By melting the surface of the silica in zones greater than the raster pitch, the residual
pattern of the raster is removed and a smooth, polished surface is achieved. This step can also
be achieved rapidly and provides a higher standard of smoothing than the mechanical
polishing techniques used In conventional optical fabrication and on high-index glasses In
particular.

[0028] Preferably, the method Iincludes the step of analysing the emitter geometries of the
laser diode bar stack to determine shapes for the lens forms required. In this way, a tailored
monolithic fast-axis collimator array is realised.

[0029] Embodiments of the present invention will now be described, by way of example only,
with reference to the accompanying drawings of which:

Figure 1 Is a schematic illustration of a micro-optical element for a high power diode laser not
according to a first embodiment of the present invention;

Figure 2 1s a schematic illustration of a high power laser diode bar stack;

Figure 3 I1s a schematic illustration of a set of plano acylindrical lenses located In front of the
diode bar stack of Figure 2 according to the prior art;

Figure 4 Is the set of plano acylindrical lenses of Figure 3 shown In calculated geometrical
orientations;

Figure 5 I1s a micro-optical element for a high power diode laser not according to an
embodiment of the present invention;

Figure 6 I1s a micro-optical element for a high power diode laser not according to an
embodiment of the present invention;

Figure 7 I1s a micro-optical element for a high power diode laser according to an embodiment of
the present invention; and

Figure 8 Is a schematic illustration of components and steps in a method of manufacturing a
micro-optical element for use with a high power diode laser according to an embodiment of the

present invention.

[0030] Referring initially to Figure 2 of the drawings there is illlustrated an end of a high power
diode laser, generally indicated by reference numeral 10. The end shows a laser diode bar
stack 12 comprising four bars 14a-d of emitters 16a-e. This is a simplified stack as the range of
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values i1s Indicated hereinbefore. The pitch between emitters 16 and the bars 14 is deliberately
small so that a high fill-factor exists to provide the required high power density.

[0031] As discussed previously, the bar stacks 12 produce beams of high divergence In the
fast axis (y-z plane). Collimation of each beam on the fast axis is required to provide a useful
output from the stack 12. A prior art system is illustrated in Figure 3. Here four identical plano-
acylindrical lenses 15 are positioned In fixed orientation close to the end 12 and aligned with
each bar 14. These fast-axis collimators 15 provide low aberration collimation for the high
numerical aperture fast-axis beam. The disadvantages of this approach are discussed
hereinbefore.

[0032] Referring now to Figure 1 of the drawings there is illustrated a micro-optical element,
generally indicated by reference numeral 11, to be positioned at an end of a laser diode bar
stack 12 of a high power diode laser 10, not according to an embodiment of the present
iInvention.

[0033] Element 11 1s a monolithic structure of fused silica with dimensions of approximately

1cm?. One face is machined flat, while machined on the opposing front-face 20 is a two
dimensional array of lens forms 22. The number and location of each lens form 22 matches
the emitters 16 of the bar stack 12. Each lens form 22 defines a lens shape 24, being primarily
convex with a depth (in the propagation axis z) of between 50um and 500um. The lens shape
defines a fast-axis collimator as i1s known In the art. While one side 1s shown as a flat face, the
present invention allows for both sides of the element to be formed into lens forms 22.

[0034] The lens shapes 22 match those of the Iindividual lenses 15 of the prior art, but are now
formed together on a single structure. A continuous surface 26 Is provided between the lenses
on the fast-axis. Surface 26 is formed as a trough of sufficient depth to define the four separate
lens shapes 22.

[0035] The lens shape 22 is defined from the bar pitch and the fast-axis numerical aperture of
the emitters 16. In the first embodiment of the present invention, the lens shapes are uniform
across the array and assume a variable pitch. In constructing a high power diode laser, a
manufacturer could choose such a uniform array of fast-axis collimators from a set
manufactured in a range of different pitches covering the typical process tolerance of bar pitch.
These would be select-on-test components.

[0036] This will typically achieve fast-axis divergence of 1 degree to 6 degrees, depending on
the pitch increment of the fast-axis collimator arrays provided and various other mechanical
and optical factors.

[0037] However, It Is known that due to manufacture and construction tolerances in the diode
bar stack 12, a planar face of perfectly orientated emitters 16 is not typical. Each bar 14 will
have a unique geometrical orientation. Such an orientation can be measured, by technigques
known to those skilled in the art. The location of the fast-axis collimators 15 with respect to the
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diode stack can therefore be calculated and Figure 4 shows an exaggerated required
orientation. In order to mount the four individual lenses 15 in these orientations would require a
specially designed lens holder together with skilled mounting, gluing and curing procedures.
This Is exceptionally time intensive and consequently expensive.

[0038] Taking the measurements of the orientations of the bar stacks 12, a single monolithic
two dimensional array of fast-axis collimators can be formed. This optical element 110 iIs
llustrated In Figure 5. Each lens shape 122 provides a fast-axis collimator in relation to each
bar 14. Surface 126, I1s a trough of variable width to accommodate the orientations of the lens
shapes 22. The resulting element 110 Is a fast-axis collimator array of typical dimensions,
10mm x 10mm. Thus the element 110 Is easier to handle and individual positioning of lenses
or the manufacture of a specially designed lens holder is not required.

[0039] In a preferred embodiment of the present invention, the emitter geometries from a
chosen bar stack 12 will be measured, providing separate values for to the location of each
emitter 16. Each lens shape 22 on the element 10 is then machined to match the location of
the corresponding emitter 16 In terms of back focal length and optical axis. Figure 6 Iillustrates
a 1D array 210, showing lens shapes 222 for a single bar 14, which are matched in this way.
Distinguishable lens shapes 222 are now apparent along the slow axis (y-z plane). Troughs
between the lens shapes 222 are deliberately interpolated along the slow axis to give a
continuous transition between lens forms to avoid sudden discontinuities Iin surface height or
slope or curvature.

[0040] While Figure 6 illustrates a one dimensional array, reference i1s now made to Figure 7 of
the drawings which illustrates a micro-optical element 310, having a two dimensional array of
fast-axis collimators, according to an embodiment of the present invention. In this element 322,
the individual calculations from each emitter 16 are used to provide lens shapes 322 over the
surface 320 to provide a highly collimated output beam to the laser diode stack 12. The
troughs In spaces 326 are all smoothed allowing both definition to the lenses 322 while
removing sudden discontinuities. The resulting element 310 Is again, a fast-axis collimator
array of typical dimensions, 10mm x 10mm. Thus the element 310 Is easier to handle and
Individual positioning of lenses or the manufacture of a specially designed lens holder is not
required.

[0041] Other dimensions may be calculated to provide further properties to the element 310.
For example, collimation may be achieved across the slow-axis. Corrective measures may also
be Incorporated such as bow-tie correction as i1s known In the art. Beam shaping properties
may also be incorporated such as producing a fast-axis flat-top function in the far-field of each
emitter.

[0042] Reference Is now made to Figure 8 of the drawings which illustrates the components of
a laser micro-machining process, generally indicated by reference numeral 30, for creating a
micro-optical element 11,110,210,310 for use with a laser diode bar stack 12. An RF excited
CO, laser 32 Is arranged before an acousto-optic modulator (AOM) 34. Various optical
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elements (not shown) direct the output beam 36 to a silica substrate 38 upon which the lens
shapes 22 will be machined.

[0043] The fused silica substrate 38 (typically a piece of flat, parallel-sided fused silica 1mm
thick) 1Is mounted upon an XY translation stage 40, which is computer 42 controlled to move In
steps of 100nm In the two dimensions. A focussing lens 44 mounted on a computer controlled
Z stage 46, focuses the beam 36 onto the substrate, a required depth to ablate the silica. The
computer 42 moves the stages 40,46 In a raster configuration so that controlled ablation, by
shot-by-shot laser writing, of the silica 38 I1s achieved to create the required lens shapes 22 to
form the array of fast-axis collimators.

[0044] Typically the spot on the substrate 38 corresponds to a Gaussian beam waist such that
the spot profile at the surface to be machined is circular Gaussian. The beam radius may be
on the order of approximately 25 um.

[0045] The time needed to machine each lens shape 22 is approximately 10 minutes. The
entire element 11 can thus be manufactured in a relative short amount of time providing the
ability to undertake rapid prototyping.

[0046] The as-machined surface 20 of the element 11 Is then subjected to a raster scan of the
laser beam In a near CW operating regime. A melt zone of diameter approximately 200pum is
thus created which removes the residual pattern of the raster and smoothes or polishes the
surface 20. This can be carried out by the same system, as described with reference to Figure
8, as performs the smoothing, under a near-CW mode of operation, In which case the
substrate 38 does not require to be moved between the machining and polishing steps.
Alternatively, the process can be carried out by a separate system that i1s optimised for the
laser smoothing process.

[0047] The principle advantage of the present invention is that it provides a monolithic fast-axis
collimator array with a high power laser diode with stacked bars. Such a monolithic structure
provides an optical element which can be used in lasers with a high fill-factor, where individual
optics would be too large.

[0048] A monolithic micro-optical element provides advantages In reducing the manual skill
requirement on production, increases the speed of fabricating element, reduces the costs to
manufacture, reduces the requirement for epoxy and consequently reduces the cure time, and
iImproves stability of overall laser construction.

[0049] A yet further advantage of the present invention is that it provides a monolithic micro-
optical element by laser micro-machining. This approach to fabrication avoids sharp grinding
errors. Though It is generally assumed that silica would be a bad material to make a fast-axis
collimator, the present invention shows that by combining laser micro-machining with melting to
smooth the silica, high tolerance elements without sharp grinding errors are realised.
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[0050] It will be appreciated by those skilled In the art that modifications may be made to
Invention herein described without departing from the scope thereof. For example, not all
emitter positions need to be measured to provide a tailored element, and the exact form of the
lens array may be varied in order to trade off optical performance against ease of fabrication
and test or availability of measurement data. In the most general case, each lens element Is
precisely matched the location of the corresponding emitting in both back focal length and In
the position of the optical axis in the fast-axis direction.

1. (a) The height of the optical axis of the lens form may vary linearly along each bar, In
order to take account of relative bar twist about the z-axis but not bar smile

2. (b) The height of the optical axis of the lens form may follow a parabolic path along each
bar, In order to correct relative bar twist and smile, but not higher order deformations

3. (c) The lens form may be constant along the slow axis, but the lens thickness varied to
vary back focal length

4. (d) The back focal length or the thickness of the lens form may vary linearly along each
bar, In order to take account of bar twist about the y-axis, but not facet bending

5. (e) The back focal length or the thickness of the lens form may vary quadratically along
each bar, in order to take account of the main deformation due to facet bending

[0051] For manufacture and test, it iIs advantageous to use a modification in which the lens
profile remains constant along the lens. It is particularly advantageous if the either optical axis
or the lens thickness or both vary linearly along the lens.

[0052] Additional optical elements such as phase plates can be used in conjunction with the
fast-axis collimator array to further improve the beam quality.
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PATENTKRAYV
. Hgjetfekt-diodelaser (10), der omfatter en kantemitterende laserdiodestangstak (12) og
en hurtigakse-kollimatorlinseenhedsanordning;

hvor laserdiodestangstakken tilvejebringer en enhed at sendere (16) med en hurtig akse
og en langsom akse, hvilke akser er vinkelrette pa hinanden og star vinkelret pa laserstralens
spredningsretning, og hvor den langsomme akse er parallel med stengernes (14) tlade; og

en hurtigakse-kollimatorlinseenhed-enhed, der omfatter en flerhed af hurtigakse-
kollimatorer (15), der er dannet som en todimensional enhed;

hvor hver sender har en senderlokalitet 1 x- og y-akserne, hvilke senderlokaliteter
tilvejebringer et mgnster med en uregelmassig geometri 1 laserdiodestangstakkens x-y-akser;

hver hurtigakse-kollimator omfatter en linseform 1 enheden, og hvor hver linseform er
udformet saledes, at dominerende uregelmassigheder 1 laserdiodestangstakkens geometri er
gentaget 1nde 1 hurtigakse-kollimatorlinseenheden for at korrigere for fejl 1 hurtigakse- og
langsom-akse-senderpositionen, hvor:

hurtigakse-kollimatorlinseenhedsanordningen er tilvejebragt som et mikrooptisk element
(310), der er dannet som en monolitisk enhed, hvor hver hurtigakse-kollimator omfatter en
linseform 1 elementet svarende til en sender 1 laserdiodestangstakken;

hvor afstanden mellem kollimatorerne 1 hurtigaksen varierer hen over det mikrooptiske

clement (310).

2. Hgjetfekt-diodelaser (10) ifglge krav 1, hvor linseformen af hver hurtigakse-kollimator 1
elementet er matchet med et sted pa x-, y- og z-askerne for den tilsvarende sender 1 bade tilbage

brendvidde og 1 positionen for den optiske akse 1 hurtigakse-retningen.

3. Hgjetfekt-diodelaser (10) ifglge krav 2, hvor linseformen beskriver linseformen og en
dybde af linseformen ligger 1 intervallet S0 um til 500 pm.

4. Hgjetfekt-diodelaser (10) ifplge krav 3, hvor linseformerne er interpolerede langs den

langsomme akse for at opna en kontinuerlig overgang (26) mellem linseformer.

d. Hgjeffekt-diodelaser (10) ifglge et hvilket som helst foregaende krav, hvor hver
kollimator pa hurtigaksen er modificeret til én, der frembringe en hurtigakse-flad-top-funktion i

hver senders fjernfelt.
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6. Hgjeffekt-diodelaser (10) ifglge et hvilket som helst foregaende krav, hvor en overflade

at elementet er atglattet og poleret.

7. Hgjetfekt-diodelaser (10) ifglge et hvilket som helst af kravene 2 til 6, hvor en hgyde at
den optiske akse af den monolitiske enheds linseformer varierer lineart langs hver tilsvarende

laserdiodestang.

3. Hgjettekt-diodelaser (10) itglge krav 7, hvor hgjden at den optiske akse fglger en

parabolisk bane langs hver laserdiodestang.

9. Hgjetfekt-diodelaser (10) ifplge et hvilket som helst af kravene 2 til 8, hvor den
monolitiske enheds linseformer er konstante langs den langsomme akse og en linsetykkelse at

den monolitiske enhed varierer for at variere tilbage brendvidden.

10. Hgjeffekt-diodelaser (10) ifglge et hvilket som helst af kravene 2 til 8, hvor den

monolitiske enheds tilbage brendvidde varierer lineart langs hver tilsvarende laserdiodestang.

11. Hgjeffekt-diodelaser (10) ifglge et hvilket som helst af kravene 2 til 8, hvor en

linsetykkelse af den monolitiske enhed varierer lineert langs hver tilsvarende laserdiodestang.

12.  Hgjetfekt-diodelaser (10) ifplge et hvilket som helst af kravene 2 til 9, hvor den

monolitiske enheds tilbage brendvidde varierer kvadratisk langs hver tilsvarende

laserdiodestang.

13.  Hgjeftekt-diodelaser (10) ifplge et hvilket som helst af kravene 2 til 9, hvor en
linsetykkelse af den monolitiske enhed varierer kvadratisk langs hver tilsvarende

laserdiodestang.

14.  Hgjeffekt-diodelaser (10) ifglge et hvilket som helst foregaende krav, hvor det

monolitiske element er fremstillet af smeltet silica.
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