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The present invention relates to a reflection diffraction grating for use in a pulse
laser chain and having an improved laser flow resistance compared with a con-

ventional metallic grating in the femtosecond regime.

Today, in the fields of plasma physics or nuclear fusion, ultra-short pulse lasers
(pulse duration shorter than 500 fs) with higher and higher energies are used in
order to reach peak powers approaching the PetaWatt (PW), or even more.

However, the maximum reachable power is limited by the flow resistance of the
optical components. The laser flow resistance of an optical component depends
in particular on the surface energy density and on the pulse duration.

The problems of damage threshold of the optical components in high-energy
pulse lasers have been partially solved by the technique of chirped pulse ampli-
fication (CPA). The CPA principle is to submit the light pulse to a time-spreading
process, which reduces the peak power, to amplify it and, at the end of the laser
chain, to time recompress it to obtain the desired short pulse. Thus, the light
power during the amplification may be reduced by several orders of magnitude.
However, it remains a risk to destroy an optical component in the stage that per-
forms the pulse compression, based in particular on the use of diffraction grat-
ings. Some of those components are indeed exposed to the energy-amplified and
time-compressed pulse, having thus the highest peak power. The diffraction grat-
ings of the compressors are thus limiting components in terms of flow resistance.
The diffraction gratings for pulse compression were first conventional metallic
gratings. For pulse compression in the infrared domain (at 800 nm, 1053 nm or
1550 nm), there is no use of aluminium gratings because their diffraction effi-
ciency, generally lower than 90 %, is not sufficient. Instead, gratings covered with
a layer of gold are used. The gold-based gratings offer an excellent diffraction
efficiency over a wide spectral bandwidth and require no protective layer because
the gold is an inoxidizable material. However, the gold-based gratings suffer from
a limited laser flow resistance in the femtosecond regime. Therefore, for the
femtosecond domain, with pulses shorter than 500 fs, the damage threshold is of
the order of 0.2-0.3 J/cm? for the conventional gold-based gratings.
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A first solution to permit increasing the laser power is to increase the size of the
beams and of the optical components so as to reduce the surface illumination.
But increasing the size of optics, in particular for the diffraction gratings, rapidly
comes up against technical limitations of production as well as against a signifi-
cant increase of the fabrication cost. There is thus a great interest in increasing
the flow resistance of the diffraction gratings.

Another solution to further increase the diffraction efficiency and the flow resi-
stance has been to fabricate diffraction gratings on dielectric mirrors (MLD: multi-
layer dielectric). An MLD grating generally comprises an alternating stack of a
great number of layers made of two fully-transparent dielectric materials having
different optical indices and alternating in the thickness direction, and a grating
formed in the last thin layer, at the surface of the multi-layer stack. Such MLD
gratings are described in detail in many articles, for example: "Design of high-
efficiency dielectric reflection grating" by Shore et al., JOSA A, Vol. 14, Issue 5,
pp. 1124-1136, "High-Efficiency Dielectric Reflection Gratings: Design, Fabrica-
tion, and Analysis" by Hehl et al., Applied Optics, Vol. 38, Issue 30, pp. 6257-
6271, "Design of diffraction gratings for multipetawatt laser compressors" by
Bonod et al., Proc. SPIE, Vol. 5962, 59622M (2005).

These publications recommend to fabricate diffraction gratings from fully dielec-
tric, transparent and without absorption materials, comprising a high number of
bilayers, so as to obtain MLD gratings with a flow resistance two to three times
better than that of the gratings having only one layer of gold. In theory, the MLD
gratings have also a diffraction efficiency higher than that of the gold-based grat-
ings. The MLD gratings thus progressively replace the gold-based metallic grat-
ings in the very high intensity pulse compressors.

However, the MLD gratings are more complicated to fabricate than the metallic
gratings and are thus more expensive. Moreover, the MLD gratings have a too
limited spectral bandwidth (a few tens of nm) to be used in ultra-short pulse (< 50
fs) laser chains. Indeed, the duration of the laser pulse is Fourrier transform-
linked to the spectral bandwidth of the laser, which means that the product of the
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pulse duration with the spectral width of the light radiation is a constant. By way
of information, at the central wavelength of 800 nm, which is commonly used
today, this product is equal to about 1000 fs.nm, which means that to obtain a
pulse with a time width shorter than 10 fs, a bandwidth wider than 100 nm is
required, i.e. a very high efficiency bandwidth (> 90 %) over a wavelength domain
surrounding the central wavelength of interest. A MLD diffraction grating cannot
have such bandwidth performance. The MLD gratings have a bandwidth typically
lower than 50 nm at the central wavelength of 1053 nm.

The flow resistance of the optical elements (materials, mirrors, diffraction grat-
ings) exposed to laser pulses is still a vast domain of investigation, wherein all
the phenomena are not yet explained. The damages caused to the materials due
to the laser flow in the nanosecond to picosecond pulse regimes are rather well
known today. In the femtosecond domain, new phenomena occur and the da-
mage mode is different.

In the picosecond and nanosecond regimes, the main phenomena are of thermal
nature and are linked to the absorption, in particular as regard the metallic grat-
ings. Whatever the material is, the damage threshold follows a square root law of
the pulse duration. The following articles describe a number of measures and
models of laser damage on mirrors and diffraction gratings: "Optical ablation by
high-power short-pulse lasers" by Stuart et al., JOSA B, Vol. 13, Issue 2, pp. 459-
468, "Short-pulse laser damage in transparent materials as a function of pulse
duration" by Tien et al., Physical Review Letters, Volume 82, Issue 19, May 10,
1999, pp.3883-3886.

For femtosecond pulse durations, this law is not followed, the physical pheno-
mena at the local scale of a grating line then appear to be linked to the square of
the electric field of the electromagnetic lightwave in the materials. It is thus de-
monstrated by the following articles: "Multilayer dielectric gratings for petawatt-
class laser systems" by Britten et al. Proceedings of the SPIE, Volume 5273, pp.
1-7 (2004), "Effect of electric field on laser induced damage threshold of multi-

layer dielectric gratings" by Neauport et al., Optics Express, Vol. 15, Issue 19, pp.
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12508-12522, that the damages in diffraction gratings in the femtosecond regime
(pulse duration shorter than 500 fs) is strongly linked to the square value of the
electric field in the material forming the profile of the diffraction grating lines.

Indeed, for very efficient diffraction gratings (i.e. whose diffracted energy is almost
fully concentrated in the useful diffraction order (the order -1 for this type of grat-
ing)), stationary waves are formed due to the interference of the incident field with
the diffracted field, and the electric field may have an amplitude of twice that of
the incident field near or inside the material, which is referred to as "reinforcement

of the electric field".

A conventional metallic diffraction grating operates in TM polarization with a me-
tallic treatment, usually gold. The electric field at the metal and the metal-vacuum
interface presents areas of high field-reinforcement at some points of the line
profile that constitute the weakening areas regarding the flow resistance.

The laser flow resistance depends of course also on the quality of fabrication:
purity of the materials used, density of the materials, absence of impurities or

defects (cracks, inclusions, bubbles, roughness).

The type of material used has logically also a great influence on the flow re-
sistance, as well explained in the following article about different transparent ma-
terials: "Scaling laws of femtosecond laser pulse induced breakdown in oxide
films" by Mero et al., Phys. Rev. B 71, 115109 (2005). Metallic based diffraction
gratings are also disclosed in US2004/0190141 A1 and US2005/0030627 A1.

The invention aims to produce a reflection diffraction grating having at the same
time a high diffraction efficiency, an extended spectral bandwidth (several tens of
nanometres) and an improved damage threshold, permitting the exposition of the

grating to a high power laser flow in the femtosecond regime.
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For that purpose, the invention relates to a reflection metallic diffraction grating
having a very high diffraction efficiency for diffracting laser pulses in the femto-
second regime, as defined by the set of technical features disclosed in claim 1.

In particular, said grating consists of a substrate with a set of lines having a pitch
N, said substrate being metallic or covered with a metallic layer, and said grating
comprising a thin layer of a dielectric material having a thickness e, said thin
dielectric layer covering the metallic surface of the lines of the grating, said grating
being suitable for receiving a pulsed electromagnetic lightwave in the femtosec-
ond regime, the substrate being covered with a metallic layer made of gold. Ac-
cording to the invention, the thickness e of the thin dielectric layer is lower than
50 nm, the thickness e being suitable for reducing by at least a factor three the
maxima of the square of the electric field of the electromagnetic lightwave on the
metallic surface and in the metallic layer of the substrate, compared with the
square of the electric field at the surface of a metallic grating having no thin
dielectric layer, in order to improve the laser flow resistance of the diffraction grat-
ing in the femtosecond regime.

According to particular aspects of the invention:

- the diffraction grating is a TM polarized grating;

- the lines of the grating have, in a plane transverse to the direction of the lines,
a sinusoidal, pseudo-sinusoidal, triangular, rectangular, trapezoidal or pseudo-
trapezoidal profile;

- the thin dielectric layer has a thickness e that is smaller than the depth of mod-
ulation h of the lines of the grating;

- the thin dielectric layer is made of silica (SiO2).

The invention also relates to a chirped pulse amplification (CPA) system compris-
ing one stage for time spreading the laser pulses, one or more amplification
stages, and one compression stage for time compressing the amplified pulses,
wherein the compression stage includes at least one metallic diffraction grating
covered with a thin dielectric layer according to the invention.



10

15

20

25

30

DK/EP 2425283 T3

6

The invention finally relates to a method for improving the damage threshold of a
metallic diffraction grating to an intense laser beam in the femtosecond regime,
as described in claim 7, comprising a step of selecting a diffraction grating of very
high reflection diffraction efficiency consisting of a substrate with a set of lines
having a pitch A, and of a metallic layer made of gold covering said substrate.
According to the invention, the method of improvement comprises a step of de-
positing a thin dielectric layer on the metallic surface of the grating lines, said thin
dielectric layer being transparent over the spectral bandwidth of the femtosecond
pulses and the thickness e of the dielectric layer being suitable for reducing by at
least a factor three the maxima of the electric field of the electromagnetic light-
wave on the metallic surface and in the metallic layer, compared with the electric
field at the surface of a metallic grating having no thin dielectric layer.

The present invention also relates to the characteristics that will be revealed by
the following description and that will be considered either alone or in any techni-
cally possible combination thereof.

Such description is given by way of a non-limitative example and will permit to
better understand how the invention can be implemented, with reference to the
appended drawings, in which:

- Figure 1 schematically shows a reflection diffraction grating according to the
prior art, in a cross-sectional view in a plane transverse to the lines of the grating,

exposed to a TM-polarized incident beam, diffracting in an order P;

- Figure 2 schematically shows a cross-sectional view of two lines of a metallic
diffraction grating according to the prior art;

- Figure 3 shows the spectral curve of the diffraction efficiency in TM polarization

of a metallic grating according to the prior art;

- Figure 4 schematically shows a cross-sectional view of two lines of a diffraction
grating according to an embodiment of the invention;
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- Figure 5 shows the curves of the diffraction efficiency in TM polarization of dif-
fraction gratings according to the invention, as a function of the thickness of the
dielectric layer and for different wavelengths;

- Figure 6 shows the spectral curve of the diffraction efficiency in TM polarization
of a grating according to an embodiment of the invention;

- Figure 7A shows the profile of modulation of the lines of a grating, in a local (two

lines) cross-sectional view in a plane transverse to the grating lines;

- Figure 7B shows a simulation of the square of the electric field of the electro-
magnetic lightwave in the plane of the Figure 7A, at a distance of 5 nm in front of
the metallic surface of a grating exposed to a laser flow, in the case of a conven-
tional metallic grating (full line) and in the case of a grating according to an em-
bodiment of the invention (dashed line), respectively, those two gratings having
a line profile in accordance with that shown in Figure 7A;

- Figure 7C shows a simulation of the square of the electric field of the electro-
magnetic lightwave in the plane of the Figure 7A, at a distance of 30 nm in front
of the metallic surface of a grating exposed to a laser flow, in the case of a con-
ventional metallic grating (full line) and in the case of a grating according to an
embodiment of the invention (dashed line), respectively, those two gratings hav-
ing a line profile shown in Figure 7A.

The invention relates in particular to a method for improving the laser flow re-
sistance of reflective metallic diffraction gratings subjected to ultra-intense and
ultra-short (pulse duration < 500 fs) laser pulses.

The current working spectral domain in the domain of the short pulse lasers is
located in the near infrared (700 nm - 1100 nm). The ultra-short pulses are mainly
made at a central wavelength of 800 nm, which is the middle of the gain range of
the crystal Ti:Sapphire that is the most often used in the ultra-short pulse laser
chains.



10

15

20

25

30

DK/EP 2425283 T3

8

In the femtosecond pulse domain, it is established that one of the parameters that
have an influence on the flow resistance is the square of the electric field in the
material constituting the optical component. For the diffraction gratings of high
diffraction efficiency, the local electric field around the profile of the grating and
inside the material(s) constituting the grating may be reinforced by effect of inter-
ference, thus creating "hot spots" that, if they are inside or near the material,
reduce the damage threshold of the component.

The invention describes a method for pushing away these "hot spots", those
areas of electric field reinforcement, outside the material constituting the diffrac-
tion grating for a modified metallic grating and away from the metallic interface
that constitutes the weak spot in terms of damage for the gratings of the prior art.

The invention consists in depositing a layer of a transparent dielectric material on
a metallic grating. Said layer of dielectric material has to be thick enough to be
deposited with the usual techniques of vacuum deposition on a surface that is
modulated as a diffraction grating is. But the dielectric layer has to be the thinnest
possible not to degrade the efficiency of the grating over the spectral bandwidth
considered. Such a modified metallic diffraction grating operates in TM polariza-
tion as operates a metallic grating of the prior art. The thickness of the dielectric
layer is thin enough not to degrade the efficiency and bandwidth performance of
the original metallic grating. The grating thus fabricated still operates in TM po-

larization.

The addition of a thin dielectric layer has for effect to push away the areas of field
reinforcement outside the grating profile, i.e. at the boundary of the dielectric ma-
terial. The amplitude of the electric field (and the square thereof) is then much
lower in the dielectric material and at the metal-dielectric interface, which in-
creases the flow resistance compared with a simple metallic grating.

In order to further optimize the flow resistance, the chosen dielectric material is
preferably a material having the greatest intrinsic flow resistance, such as the
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silica (SiOz2). Other dielectric materials may also be used (TiO2, Ta20s, HfO2 and

Al203) according to the applications.

The electric field amplitude of the electromagnetic lightwave at the metal-dielec-
tric interface strongly decreases with respect to the field amplitude at the metal-
vacuum (or air) interface, compared with a metallic grating of the prior art. The
field in the dielectric material is also rather low and the maximum of field reinfor-
cement is located outside the material. Thus, the electric field at the metallic in-
terface is significantly reduced with respect to the metallic grating of the prior art.

As the flow resistance in this domain is reversely proportional to the field square,
such a modified metallic grating has thus a much better flow resistance than a
metallic grating of the prior art. Complementarily, the dielectric material may also

be chosen so that the intrinsic flow resistance thereof is the highest possible.

To illustrate the invention, reference is made to an example of pulse compression

grating conventionally used for normal values of use.

More precisely, reference is made to a diffraction grating 5, with a line density of
N = 1480 I/mm (i.e. a pitch A = 675 nm), used under a constant incidence angle
6 of 42° with respect to the normal to the grating, this angle corresponding to a
deviation between the incident beam and the reflected beam of 11° at the central

wavelength of 800 nm in the reflection order -1 (cf. Figure 1).

In practice, the line profiles of the diffraction gratings made by the manufacturers
may be of the lamellar, sinusoidal or pseudo-sinusoidal, trapezoidal or rounded
trapezoidal type, or in the form of a rounded bump, according to the embodiment
used (holographic, machined holographic, ion machining, e-beam) and the pa-
rameters describing the profile are multiple. The invention applies to all the types
of grating profiles.
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To simplify the explanation of the invention, the profile studied is a sinusoidal
profile of line 1, which reduces the description of the profile to only one parameter,
the height of modulation h of the grating.

Reference is made to the prior art grating shown in cross-section in Figures 1 and
2 (enlarged transverse cross-sectional view of two lines of the grating). The grat-
ing 5 comprises a substrate 2 giving the profile shape of the diffraction grating
lines. The substrate 2 may be a substrate made of bulk metallic material or cov-
ered with a layer 2' of metallic material. The metal (2, 2') has an index nm = 0.5 +
i*10, with a significant complex part, and a thickness d sufficient to ensure a good
reflectivity in TM polarization. The shape of the lines in Figures 1-2 is of the bump
type, by way of illustration, the depth of modulation h gives the height of the grat-
ing lines. The grating pitch is A. The lines 1 are reproduced in the direction X
transverse to the grating lines. The incident beam on the metallic surface 12 of

the grating lines is diffracted.

To simplify the explanation, reference is made to a sinusoidal grating so as to
reduce the number of variables describing the profile of the grating lines to only
one parameter, i.e. the depth of modulation h.

Figure 3 shows a curve of diffraction efficiency n simulated for a sinusoidal me-
tallic grating of the prior art having a modulation h = 240 nm at the incidence of
42° in TM polarization, as a function of the wavelength A over a domain comprised

between 700 nm and 900 nm.

The diffraction efficiency of the metallic grating 5 in the order -1 is thus very high
(> 94 %) over a wide range of wavelengths.

Figure 4 schematically shows the structure of the lines of a diffraction grating 6
according to an embodiment of the invention (enlarged transverse cross-section
of two lines of the grating 6). The grating 6 comprises a thin layer 4 of dielectric
material deposited on the surface 12 of a metallic grating 5 such as described

with reference to Figures 1-2.
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By way of example, the refraction index of the thin dielectric layer 4 is herein
equal to 1.5. The other parameter is the thickness e of the dielectric treatment
deposited. The surface 14 exposed to the incident laser beam is thus the surface
of the thin dielectric layer 4. The thickness e of the dielectric layer 4 is optimized
so as to avoid a too important degradation of the diffraction efficiency perfor-
mance of the grating 6. The layer 4 must not be too thick.

Figure 5 shows curves of simulation of the diffraction efficiency of a diffraction
grating 6 as a function of the thickness e of the dielectric treatment 4 deposited
on the surface of a metallic grating (the same as for the curve of Figure 3), for
five wavelengths uniformly distributed over the studied spectrum (A = 700, 750,

800, 850 and 900 nm, respectively) in TM polarization.

The dielectric material layer 4 has for effect to degrade the diffraction efficiency
n of the grating 6 when the thickness e thereof increases, and this for all the
wavelengths, but with different amplitudes. It is at the low wavelengths (700 and
750 nm) that the efficiency n decreases the more rapidly as a function of the
thickness e of the dielectric treatment. By taking as a criterion that it is desired
not to degrade the efficiency over all the spectral range of a coefficient (1 - a)
equal at most to 15 %, it is obtained that the thickness e of the dielectric layer has
to be lower than 50 nm.

Thus, in order not to degrade the diffraction efficiency of the grating 6, the thick-
ness e of the dielectric deposit must not exceed a few tens of nm, which is per-
fectly obtainable with the usual means of vacuum deposition. Moreover, these
thickness values are low with respect to the depth of modulation h (240 nm) of
the grating, which limits the deformations of the profile after the deposition.

For continuing the explanation of the invention, reference is made to a dielectric

treatment thickness e equal to about 25 nm.
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Figure 6 shows a curve of diffraction efficiency n in TM polarization of a diffraction
grating 6 with a sinusoidal metallic profile, of modulation 240 nm, covered with a
25 nm-thick dielectric layer 4, at the incidence of 42°, as a function of the wave-
length over a domain comprised between 700 nm and 900 nm.

The diffraction grating 6 comprising a dielectric layer 4 at the surface of the sub-
strate made of metal 2 or covered with metal 2' keeps a very high diffraction effi-

ciency n (> 91 %) over the spectral range of interest.

The matter is now to demonstrate the beneficial effect on the laser flow resistance
for ultra-intense pulses whose duration is in the domain of the femtosecond pul-
ses. In this domain of operation, it is now demonstrated that one of the significant
parameters for the flow resistance is the square of the electric field near or inside
the materials. The electric field of the electromagnetic lightwave is thus the pa-
rameter to be studied.

A simulation of the electric field existing in and around the grating profile is shown
for the case of the sinusoidal metallic grating 5 of the prior art and for the case of
the metallic grating 6 covered with a thin dielectric layer 4, with the same condi-
tions of use, i.e. an incidence angle 6 of 42° and a central wavelength A of 800

nm in TM polarization.

Figure 7A shows the profile of the lines in a plane transverse to the grating lines
(only two lines of the grating are shown), such profile being used in the simula-
tions of Figures 7B and 7C. The abscissa represents the direction X of the perio-
dicity of the grating lines (in nm), and the ordinate represents the depth of the
lines in nm. The bottom of the sinusoidal profile is at the ordinate 0, indicated by
the thin horizontal line, and the depth of modulation of the profile is h = 240 nm.
In the simulations, a conventional metallic grating, wherein the surface 12 of the
grating 5 has the profile of Figure 7A, and a metallic grating covered with a thin
dielectric layer, wherein the surface 14 of the grating 6 has also the profile of
Figure 7A, are respectively used.
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Figure 7B shows the amplitude of the square electric field for the case of a me-
tallic grating 5 of the prior art at a distance of 5 nm in front of the metal-air (or
metal-vacuum) interface in the case of a metallic grating of the prior art (curve 8
in full line), and at a distance of 5§ nm from the metal-dielectric interface for a
metallic grating covered with a dielectric material layer of 25 nm (curve 9 in da-
shed line), and thus inside the dielectric layer 4, respectively.

In the curve 8 of a metallic grating 5, it can be seen that there is an area in the
right slope of the profile in which the reinforcement of the electric field is strong
(over-current that can reach a factor four) on the right flank of the grating lines at
the air-metal (or vacuum-metal) interface: this area of a metallic grating is the
area exposed to the highest electric field density and will thus be damaged in first

in the femtosecond domain.

The curve 9 shows that, for a grating according to the invention, the electric field
intensity at 5 nm from the metal-dielectric interface is strongly attenuated with
respect to the curve 8. No reinforcement of the electric field is observed near the

metal.

Figure 7C shows the amplitude of the square electric field for the case of a me-
tallic grating of the prior art at a distance of 30 nm in front of the metal-air (or
metal-vacuum) interface, in the case of a metallic grating of the prior art (curve
10 in full line), and at a distance of 30 nm from the metal-dielectric interface, for
a metallic grating covered with a dielectric material layer of 25 nm (curve 11 in
dashed line), and thus in the vacuum at 5 nm from the surface 14 of the dielectric

layer, respectively.

The same peaks of over-current in the vacuum are observed at a distance of 5
nm from the dielectric/vacuum interface than at 30 nm from the metal/vacuum
interface. However, the very good resistance of a dielectric layer, in particular
silica, allows the grating of the invention to support these over-currents, whereas
a conventional metallic grating of the prior art does not withstand such over-cur-

rents in the femtosecond regime.
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The grating of the invention thus permits to approach the damage threshold limits
of the MLD-type gratings.

As a conclusion, the effect of the dielectric layer 4 permits to push the areas of
reinforcement of the electromagnetic wave electric field away from the metallic
surface and from the metallic layer of the substrate. As the dielectric materials
such as the silica have intrinsically a very higher flow resistance than that of the
metals, the flow resistance of the component is very significantly improved. In the
prior art, the weak spot of the component was the air-metal (or vacuum-metal)
interface. The invention permits to push the areas in which the electric field is
reinforced away from the critical metallic interface, on a much more flow resistant

dielectric-air (or vacuum) interface.

The metallic diffraction grating 6 covered with a thin dielectric layer 4 has a very
good diffraction efficiency (> 90 %) over a very wide bandwidth (200 nm), with a
flow resistance that may be close to that of the MLD gratings.

The object of the invention permits to improve a high efficiency diffraction grating
in the femtosecond regime by pushing the furthest away possible the areas of
field reinforcement of the materials constituting the grating and by using a mate-
rial resisting where the electric field is the stronger.

The invention applies to gratings on plane, concave or convex substrates.

The invention thus permits to push away the electric field maxima outside the
material while keeping a good efficiency over a wide bandwidth, for a modified
metallic grating. The invention finds a first application in the laser pulse compres-
sion. The invention also finds applications in the laser flow resistance of compo-
nents in high-power lasers (MegadJoule, PetaWatt).

The method of fabrication of the grating according to the invention is less compili-
cated than that of a MLD grating. The grating according to the invention is less
expensive than a MLD grating.
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Patentkrav

1. Metallisk refleksionsdiffraktionsgitter (6) med meget hgj diffraktionseffektivi-

tet til at diffraktere laserimpulser i femtosekundomradet, hvilket gitter omfatter:

- et substrat (2), som omfatter en samling af linjer (1) med afstanden A og et
metallag (2’), som daekker det naevnte substrat (2), og

- et tyndt lag (4) af et dielektrisk materiale med en tykkelse e, hvilket tynde
dielektriske lag (4) deekker den metalliske overflade (12) pa gitterets linjer,
- hvilket gitter (6) er velegnet til at modtage en elektromagnetisk impulslys-
bglge i femtosekundomradet,

kendetegnet ved, at:

- metallaget (2’) er af guld, og

- det tynde dielektriske lags (4) tykkelse er mindre end 50 nm, idet tykkelsen
e er velegnet til at formindske med i det mindste en faktor tre maksimaene
af kvadratet af den elektromagnetiske lysbglges elektriske felt pa metalover-
fladen (12) og i substratets (2, 2') metalliske lag, sammenlignet med kvadra-
tet pa det elektriske felt pa metalgitterets (5) overflade helt uden det tynde
dielektriske lag pa en sadan made at diffraktionsgitterets modstand over for

laserstremmen i femtosekundomradet forbedres.

2. Diffraktionsgitter (6) ifelge krav 1, kendetegnet ved, at diffraktionsgitteret
(6) er et polariseret TM-gitter.

3. Diffraktionsgitter (6) ifglge krav 1 eller 2, kendetegnet ved, at gitterets linjer
(1) i et plan pa tveers af linjernes (1) retning har et sinusformet profil, pseudo-
sinusformet profil, et triangulaert profil, et rektanguleert profil, et trapezformet eller
pseudo-trapezformet profil.
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4. Diffraktionsgitter (6) ifelge et af kravene 1 til 3, kendetegnet ved, at det
tynde dielektriske lag (4) har en tykkelse e mindre end modulationsdybden h i
forbindelse med gitterets linje (1).

5. Diffraktionsgitter (6) ifelge et af kravene 1 til 4, kendetegnet ved, at det
tynde dielektriske lag (4) er af silicium (SiOz2).

6. Forstaerkningssystem til laserimpulser med frekvensdrift (CPA), som omfat-
ter et trin til tidsmaessigt at streekke laserimpulserne, et eller flere forstaerknings-
trin, og et kompressionstrin til tidsmaessigt at komprimere de forstaerkede impul-
ser, kendetegnet ved, at kompressionstrinnet omfatter i det mindste et diffrakti-
onsgitter (6) ifglge et af kravene 1 til 5.

7. Fremgangsmade til forsteerkning af et metaldiffraktionsgitters beskadigel-
sestaerskel over for en intens laserstrale i femtosekundomradet, hvilken frem-

gangsmade omfatter et trin til:

- udveelgelse af et diffraktionsgitter med refleksionsdiffraktionseffektivitet be-
staende af et substrat (2), som omfatter en samling af linjer (1) med afstan-
den A og et metallag (2') af guld, som daekker substratet (2), kendetegnet
ved, at den omfatter et trin til:

- deponering af et tyndt dielektrisk lag (4) pa den metalliske overflade
(12) pa gitterets linjer, hvilket tynde dielektriske lag (4) er transparent over
for femtosekundimpulsernes spektrale optimale frekvens, og hvor tykkel-
sen e af det dielektriske lag (4) er velegnet til at formindske med i det
mindste en faktor pa tre maksimaene af den elektromagnetiske lysbgalges
elektriske felt pa den metalliske overflade (12) og i metallaget (2, 2),
sammenlignet med det elektriske felt pa et metallisk gitters (5) overflade

uden det tynde dielektriske lag.
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