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Brillouin Lasing in Ultra-High-Q Lithium
Fluoride Disk Resonators
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Abstract— We report the fabrication of an ultra-high- Q
monolithic whispering gallery-mode resonator using a lithium
fluoride crystal, with a quality factor above 108 at 1550 nm.
We show that when pumped above a certain threshold,
we can excite single Stokes Brillouin lasing in this resonator.
We thereby demonstrate Brillouin lasing in a monofluoride
crystal for the very first time, to the best of our knowledge. We
provide a detailed theoretical investigation of Brillouin scattering
in this resonator, using a time-domain model which tracks the
dynamics of the Stokes and pump waves. We also perform a
stability analysis which enables us to analytically determine the
threshold pump power. We expect such crystalline Brillouin lasers
to find potential applications for ultra-pure microwave and multi-
wavelength generation, as well as for compact sensors.

Index Terms— Lithium fluoride, Brillouin lasing, whispering
gallery mode resonators.

I. INTRODUCTION

WHISPERING-GALLERY mode (WGM) resonators are
very interesting platforms as they can feature ultra-

high Q factors and small mode volumes. These resonators
permit to explore a very wide range of applications in
photonics technology [1]–[4], and for this reason, they have
attracted a large interest, such as for sensing, frequency comb
generation and laser stabilization [5]–[10]. Light in such
resonators is confined by total internal reflection with a photon
lifetime that can be much longer than a microsecond. A very
high light intensity can thereby build up in the torus-like
eigenmodes of the resonator, located at its inner periphery.
As a result, various nonlinear phenomena originating from the
Raman [11], Brillouin [12]–[14], and Kerr effects [10], [15]
are strongly enhanced and can be observed even with very
low pump power.

Among these nonlinear effects, stimulated Brillouin scat-
tering has one of the largest gain coefficients. It results from
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the interaction of a strong laser beam and acoustic phonons
(lattice vibrations). The interaction is typically enabled by
electrostriction, where a refractive index grating traveling with
an acoustic wave velocity is formed. This grating can then
scatter an incident photon into the backward direction with
a Doppler downshift corresponding to the acoustic phonon
frequency. The latter one can be calculated from the elastic
constants of the material. Brillouin lasing for narrow linewidth
lasers and low-phase-noise microwave oscillators have been
recently demonstrated using silica WGM resonators [16]–[19].
However, to the best of our knowledge, Brillouin lasers based
on crystalline WGM resonators have only been reported using
calcium fluoride and barium fluoride crystals [12], [14].

Ultra-high-Q crystalline WGM resonators have been
reported in several difluorides crystals [15], [21]–[23] using
mechanical polishing techniques, but has been found to be
a more difficult task with monofluoride ones [24]. In this
letter, we report the fabrication of a monofluoride WGM res-
onator made of lithium fluoride (LiF) with a quality factor Q
above 108 at the wavelength of 1550 nm. The quality factor
has been measured using the cavity ring down spectroscopy
technique [15], [21]. Brillouin lasing in the LiF resonator is
demonstrated. We also propose a time-domain model for the
forward and backward fields in order to track the dynamical
behavior of these coupled waves. We perform a stability
analysis of the corresponding set of coupled equations in order
to determine the threshold power for Brillouin lasing. The key
mechanisms of this phenomenon are thereby unveiled and the
physical insights provided by the model are also discussed.

II. FABRICATION AND CHARACTERIZATION OF

THE ULTRA-HIGH-Q LiF DISK-RESONATOR

Lithium fluoride is a cubic crystal with wide transparency
window from the ultra-violet (UV) to mid-infrared (IR). In the
UV range, it presents one of the highest transmission [25],
thereby finding several applications in special UV optics but
also in the X-ray domain. From a commercially available
crystalline LiF WGM disk-resonator, we have used several
steps of grinding and polishing to achieve a quality factor
above 108, using an air-bearing spindle motor that spins the
disc at high velocity [15], [20], [21]. During the grinding
step, we used abrasives with decreasing grain size to shape
the resonator rim into a sharp “V” geometrical form, needed
to trap the intra-cavity photons. It should be mentionned that
for a crystalline LiF WGM resonator, this step is relatively
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Fig. 1. Experimental setup for the WGM resonator characterization.
PC: polarization controller; PD: photodiode; WGMR: whispering gallery
mode resonator.

Fig. 2. Cavity ring-down timetrace. A theoretical fit gives an intrinsic quality
factor of 3.3 × 108, an extrinsic quality factor of 2.58 × 108, and a loaded
quality factor of 1.45 × 108 at 1550 nm.

fast (less than one hour) while it takes several hours for
a MgF2 WGM resonator. This grinding step is however
delicate because of the low Mohs hardness of LIF, which is
equal to 4. The second step consists in a repeated polishing
procedure of the resonator rim using abrasive particles with
a decreasing size down to 100 nm. Once the final polishing
step is completed, we used white light vertical scanning
interferometry to investigate the roughness of the resonator
rim. This process consists of placing the resonator on a
piezo-controlled stage and under a microscope equipped with
a 40× magnification Mirau objective. A 3D reconstruction
of the investigated area enables us to determine the surface
roughness with great accuracy. For our LiF disk-resonator, we
have measured a root-mean-square(rms) roughness of 11 nm.

We used the so-called cavity-ring-down measurement tech-
nique to determine the quality factor of the resonator. This
technique is interesting because it can avoid the limitations due
to laser linewidth and thermal effects. It also allows to obtain
both intrinsic, extrinsic and loaded quality factors. It consists
of a fast scan of the laser frequency across the resonance,
and a measurement of the output timetrace which gives the
pertinent information with regards to the loss mechanisms
in the resonator. As illustrated in Fig. 1, a continuous wave
laser with sub-kHz linewidth is swept at a scanning speed
of 1.2 GHz/ms, and is used to couple light in the resonator
through the evanescent field of a tapered silica fiber. The
recorded transmission corresponds to the interference between
the laser input and output signal from the disk-resonator.
By fitting the experimental data of Fig. 2 with an analytical
formula which is presented in ref. [26], we obtain at 1550 nm
an intrinsic quality factor of 3.35 × 108, an extrinsic quality
factor of 2.58 ×108 and a loaded quality factor of 1.45 ×108.

Fig. 3. The experimental setup for the WGM resonator characterization.
PC: fiber polarization controller; L1, L2: GRIN lenses; VOA: Variable
optical attenuator; FC3dB: 3dB fiber coupler. PD: photodetector; OSA: Optical
spectrum analyzer.

III. BRILLOUIN SCATTERING IN WGM RESONATORS

Stimulated Brillouin scattering is a nonlinear process result-
ing from the interaction between light and an acoustic wave.
Since the acoustic wave travels at a given speed, the generation
of the scattered wave is accompanied by a frequency shift
due to the Doppler effect. Hence, a Stokes wave is generated
when light and acoustic waves travel in the same direction and
anti-Stokes wave is generated in the other case. Stimulated
Brillouin scattering (SBS) is well known to be a power
limiting factor in optical fiber communications. In fact, as the
light power increases, the acoustic wave becomes stronger,
and the optical fiber acts then as a Bragg mirror that is
backscattering the injected power. The Brillouin effect can
even be cascaded because many Stokes components may be
sequentially generated even with very low pump power. Fiber
Brillouin lasers feature linewidth narrowing effect where the
Stokes line maybe narrower than the pump by a factor 104.
Therefore, SBS can find application in several domains such
as fiber lasers, microwave frequency generation, and rotation
sensing. Brillouin lasing has been reported in several fluoride
crystals such as calcium Fluoride ((CaF2)) and barium fluo-
ride ((BaF2)). A narrow linewidth Brillouin microcavity laser
and an ultra-low-phase-noise microwave synthetizer have also
been demonstrated using chemically etched ultrahigh-Q-silica-
on-silicon wedge resonators [19].

In this letter, we report Brillouin lasing at 1550 nm using
a lithium fluoride resonator with a quality factor beyond
one hundred millions. The pump and scattered signals are
separated by a frequency shift νB = �B/2π = 2neffVa/λL
where neff is the effective refractive index of the WGM
optical mode, λL is the optical wavelength of the laser in
vacuum, and Va the phase velocity of the acoustic wave.
The latter is calculated using the following expression: Va =
[(C11+C12 +2C44)/2ρ] 1

2 where C11 = 1.3197×1011 N.m−2,
C12 = 0.4767×1011 N.m−2, and C44 = 0.6364×1011 N.m−2

represent the elastic constants of LiF, and ρ = 2.639 g.cm−3

his volumic mass. We therefore obtain an acoustic speed
of Va = 7.62 km.s−1 and a Brillouin frequency shift of
νB = 13.61 GHz.

We have designed an experimental setup in order to measure
the spectra of the forward and backward waves, and it is
displayed in Fig. 3. The measurements have provided evidence
of Brillouin lasing as shown in Fig. 4, where the experimental
Brillouin shift is in excellent agreement with the theoretically
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Fig. 4. Experimental spectra of the intra-cavity fields. The frequency
νB corresponds to the Brillouin frequency shift. (a) Forward direction.
(b) Backward direction. Note that the Brillouin signal in the forward direction
and the pump signal in the backward direction are induced by parasitic
Rayleigh backscattering.

predicted value νB. It should be noted that our WGM resonator
features a transverse multimode structure. The Brillouin shift
is in fact excited in a mode belonging to another eigenmode
family with regards to the pump. In other words, if the
pumped mode belongs to the eigenmode family n = n1
(there are n1 radial maxima of intensity), then the Brillouin-
excited mode belongs to an eigenmode family n2 �= n1.
This is why it is possible to obtain Brillouin lasing in our
crystalline WGM resonators even when the Brillouin shift
does not match (a multiple of) the FSR. The demonstration
of Brillouin lasing in LiF provides the possibility to generate
new frequencies in microwave photonics applications using
WGM resonators, since the Brillouin shift is material-specific.
The other advantage of this crystal, already highlighted, is that
it has an excellent transparency down to the deep ultra-violet,
thereby allowing for applications in that wavelength range.

IV. TIME-DOMAIN DYNAMICS AND DETERMINATION

OF THE THRESHOLD PUMP POWER

When the resonator is pumped with a resonant continuous-
wave laser, Brillouin scattering can excite a backward
wave [27]. Using a time-domain model, we can track the
temporal dynamics of the forward and backward fields
F(t) and B(t) using the following equations:

dF
dt

= −1

2
�ωtotF + iσfF − gBvg

2Aeff
|B|2F

+√
�ωext/TR

√
P (1)

dB
dt

= −1

2
�ωtotB + iσbB + gBvg

2Aeff
|F |2B, (2)

where P is the imput pump power in watts. The loaded
linewidth �ωtot = ωc/Qtot is the sum of the intrinsic linewidth
�ωin = ωc/Qin and extrinsic (or coupling) linewidth
�ωext = ωc/Qext, where Q−1

tot = Q−1
in + Q−1

ext , TR = π D/vg

represent the cavity round-trip time, gB ∼ 10−11 m/W is the

Brillouin gain of the material, vg is the group velocity of the

intra-cavity optical signals and Aeff ∼ D
5
6 λ

7
6
L the effective

cross-sectionnal area of the pumped eigenmode in the disk-
resonator. D is the diameter of the resonator. The parameters
σf and σb are cavity detuning parameters between the fields
and the cold-cavity resonances. For the sake of simplicity, they
are uniformly set to zero in this work and we assume the laser
frequency ωL is equal to the resonance frequency ωc of the
pumped mode. It should be noted that in this simplified model,
the build-up of the acoustic wave has been neglected and it is
assumed that the phonon field adiabatically follows the photon
fields.

The above equations enable us to determine analytically the
threshold power Pth needed to trigger Brillouin lasing. The
starting point is to find the fixed point of the system below
threshold, which is obtained by setting all the derivatives
to zero, and setting B ≡ 0 (no backward field). We find
the stationary intra-cavity forward and backward fields are
explicitly defined as

Fst = 2

√
�ωext/TR

�ωtot

√
P (3)

Bst = 0. (4)

We can now perturb this trivial equilibrium and check if
this perturbation exponentially increases (onset of Brillouin
scattering) or decays (in this case, the trivial fixed point is
stable). The forward field is perturbed as F = Fst + δF ,
yielding a square modulus |F |2 � |Fst|2 + FstδF∗ + F∗

stδF
when the higher-order perturbation |δF |2 is neglected. On
the other hand, the backward field is perturbed as B =
Bst + δB ≡ δB, which has a null square modulus in a first-
order approximation. By inserting these perturbed variables in
Eqs. (1) and (2), we obtain the following linear flow

δḞ = −1

2
�ωtotδF (5)

δḂ =
[
−1

2
�ωtot + gBvg

2Aeff
|Fst|2

]
δB. (6)

It appears that the perturbations of the forward and backward
fields are uncoupled. In fact, the forward field perturbation
always decays, while on the other hand, the backward field is
excited when the Brillouin gain overcomes the losses, that is,
when

gBvg

2Aeff
|Fst|2 >

1

2
�ωtot. (7)

Using Eq. (3) with the above equation, it can finally be shown
that the threshold power to trigger Brillouin lasing is explicitly
expressed as

Pth = ω2
L

Qext

Q3
tot

Aeff TR

4gBvg
∝ 1

gB

Veff

Q2
tot

, (8)

with Veff = 2πa Aeff being the mode volume. A low threshold
pump power therefore requires a high Brillouin gain, a high
loaded quality factor, and a small mode volume. It is notewor-
thy that the formula proposed in Eq. (8) corresponds to the
one proposed in ref. [12] for the case of critical coupling.
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Fig. 5. Numerical simulation for the temporal dynamics of the forward field
F(t) (red dashed line) and backward field B(t) (continuous blue line). The
values or the input pump power is increased a follows: (a) P = 0.99 × Pth;
(b) P = 1.01 × Pth; (c) P = 1.5 × Pth; (d) P = 2 × Pth; (e) P = 2.5 × Pth;
(f) P = 3 × Pth.

However, we have experimentally found that the threshold
power was systematically in the mW range, as for BaF2 [21].

The results of the numerical simulation are displayed
in Fig. 5, and we have used the following physical parameters:
D = 12 mm, Aeff = 1.0 × 10−11 m2, neff = 1.38,
Qtot = 1.45 × 108, Qin = 3.35 × 108, Qext = 2.58 × 108, and
ωL = 2πc/λL = 2π × 192.6 THz, We observe that below the
threshold pump power, the backscattered field is not excited.
However, when P > Pth, Brillouin lasing is triggered and the
backward field builds up faster as the pump power is higher.
The permanent regime is reached within ten microseconds,
which corresponds to few photon lifetimes τph = 1/�ωtot.

V. CONCLUSION

We have reported a LiF WGM resonator with an intrinsic
quality factor of three hundred million at telecom wavlength.
We have also demonstrated the excitation of a Stokes wave
with this resonator, thereby evidencing for the first time
Brillouin lasing in a monofluoride cristal, to the best of our
knowledge. We have proposed a set of coupled nonlinear
equations to investigate the dynamics of the forward and back-
ward fields, and we have performed a stability analysis which
enabled us to determine analytically the threshold pump power.
Further research will be devoted to the exploration of the
various applications that can be powered by this phenomenon,
with an emphasis on ultra-stable microwave generation.
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[26] Y. Dumeige, S. Trebaol, L. Ghişa, T. K. Nguyên, H. Tavernier, and
P. Féron, “Determination of coupling regime of high-Q resonators and
optical gain of highly selective amplifiers,” J. Opt. Soc. Amer. B, vol. 25,
no. 12, pp. 2073–2080, Dec. 2008.

[27] G. P. Agrawal, Nonlinear Fiber Optics, vol. 5. New York, NY, USA:
Academic, 2003, pp. 1–629.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


