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Abstract: Nonlinear optical microscopy with sub-30 fs pulses from an Yb-
fiber laser, approximately three times shorter than typical fiber laser pulses,
leads to an order of magnitude brighter third harmonic generation imaging.
Multiphoton fluorescence, second and third harmonic generation modalities
are compared on stained microspheres and unstained biological tissues.
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OCIS codes: (180.4315) Nonlinear microscopy; (060.2320) Fiber optics amplifiers and
oscillators; (110.2350) Fiber optics imaging.
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1. Introduction

Due to benefits such as high contrast ratio, submicron resolution and depth resolved imaging,
multiphoton microscopy has gained broad acceptance in recent years [1-3]. Modalities such
as two-photon excited fluorescence (TPEF) [4], second harmonic generation (SHG) and third
harmonic generation (THG) microscopy [5,6] provide complementary information for stained
as well as unstained samples. SHG and THG microscopy depend on molecular properties and
require no fluorescent labeling, thereby reducing the complexity of biological imaging. Signal
is known to increase as the inverse of pulse duration for SHG [2] and the inverse of the pulse
duration squared for THG, without bandwidth limits imposed by the two-photon absorption
spectrum; making SHG and THG amenable to ultrashort pulse excitation. Laser pulse duration
dependence has been confirmed for two-photon microscopy down to 10 fs pulses [7].

Different ultrafast solid state laser sources, such as Ti:sapphire at 800 nm [8], Cr:forsterite
at 1230 nm [9] and OPO at 1500 nm [5], have been used for third harmonic generation
microscopy. In the past decade, compact fiber lasers have drawn increasing attention due to
their compact size and greater stability [10—12]. Er fiber at 1550 nm [13] and YD fiber at 1060
nm [14] have been used for multiphoton microscopy; however, these lasers have pulse
durations greater than 100 fs. While sub-10 fs pulses are readily available from Ti:sapphire
sources, the THG signal from such sources is near 270 nm, a wavelength that is absorbed by
biological tissue, especially DNA [15]. In order to avoid laser induced damage to living tissue
and enable microscopic imaging deeper into living tissue, interest has shifted towards imaging
using longer wavelength sources [16].

Here we test a new fiber laser source delivering a very broadband spectrum centered at
1030 nm. The output pulses can be de-chirped to as short as ~21 fs [17] using a pulse shaper
with Multiphoton Intrapulse Interference Phase Scan (MIIPS) [18-20]. To the best of our
knowledge, this is the shortest pulse duration obtained directly from a fiber oscillator. This
source is evaluated for multi-modal microscopy using fluorescent polystyrene microspheres
and unstained biological samples including guppy fish (Poecilia reticulata) tails and fruit fly
(Drosophila melanogaster) wings. Images generated by multiphoton fluorescence, SHG and
THG are compared.

2. Experimental setup

The experimental setup shown in Fig. 1 consists of an Yb fiber laser oscillator (Fig. 1(a)) that
generates a broadband spectrum centered at 1030 nm with ~50 mW average output power at a
repetition rate of 62 MHz. It is based on an all-normal dispersion cavity scheme [11] where
self-similar amplification takes place in the gain medium. The pulses gain energy and
bandwidth while evolving into a parabolic temporal profile in the gain segment [11] and
maintain the parabolic profile in the PCF segment with the temporal and spectrum bandwidth
increasing. The condition for self-similar amplification is facilitated by introducing a narrow
spectral filter consisting of a grating and a collimator [11]. The self-similar pulses are further
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extended in both temporal and spectral domains by an intra-cavity segment of normal
dispersion photonic crystal fiber (PCF). This novel scheme enables the laser spectral
bandwidth to exceed the gain bandwidth and leads to pulse durations as short as 20 fs. The
detailed design and principle of the fiber laser is discussed in Ref [17].

A folded 4f pulse shaper (MIIPS Box 640, Biophotonic Solutions) (Fig. 1(b)), with a dual
mask 640-pixel spatial light modulator, is used to measure and compensate the dispersion of
the output pulses at the focal plane of the microscope (Fig. 1(c)) [18,19]. The results obtained
using MIIPS for automated pulse compression are confirmed by interferometric
autocorrelation and by theoretical calculation. Due to the diffraction efficiency of the grating
and reflection losses by the mirrors inside the shaper, the average power out of the shaper is

~25 mW.
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Fig. 1. Schematic of imaging setup. (a) Fiber laser cavity layout. PCF: photonic crystal fiber;
SMEF: single mode fiber; WDM: wavelength-division multiplexer; HWP and QWP: half- and
quarter-waveplate; PBS: polarization beam splitter. (b) 4f-folded pulse shaper. SLM: spatial
light modulator; M: mirror. (¢) Microscopy setup. AMP: amplifier; PMT: photomultiplier tube.

The laser beam is raster scanned by a pair of mirrors mounted on galvanometers
(QuantumDrive-1500, Nutfiled Technology, Inc.) and coupled into a water-immersed
objective (Zeiss LD C-APOCHROMAT 40x/1.1) mounted on an adapted Nikon TE-200
inverted microscope. Laser pulses are compressed to their transform limit at the focus of the
objective. With the sample placed at the focus of the objective, the SHG generated or TPEF
emissions are collected in the Epi direction. SHG/TPEF signal is separated from the
fundamental light using a dichroic mirror (700DCSPXR, Chroma Technology Corp.) and is
further filtered by a short-pass emission filter (ET680-SP-2P8, Chroma Technology Corp.). A
photomultiplier (PMT, HC20-05MOD, Hamamatsu) is used to collect the SHG/TPEF signal.
THG, which is primarily generated in the forward direction, is collected by a UV compatible
objective (HP ReflX, NT59-886, NA 0.28, focal length 13.3 mm, transmission more than 85%
from 200 nm to 700 nm, Edmund Optics). The THG signal is also separated from the
excitation light by a UV-pass filter (UG11, transmission from 250 nm to 400 nm) and
detected by a PMT (H10720-210, Hamamatsu) whose signal is amplified (SRS445, Stanford
Research Systems). Tens of frames are taken to generate one image and each of the frames
takes one second to acquire.

The spectrum of the laser pulses, after transmission through the microscope objective, is
shown in Fig. 2(a). Dispersion compensation for the laser as well as the microscope objective
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is achieved using MIIPS software [18,19]. Briefly, the pulse shaper scans reference phase
functions across the spectrum of the pulses and uses the SHG spectral information (generated
by a KDP crystal mounted at the focal plane of the objective) to measure the second
derivative of the spectral phase. Through double integration of the measurement the system
determines the dispersion that needs to be corrected and the pulse shaper implements the
correction. Typically, each measurement and compression iteration corrects ~80% of the total
dispersion. After a few iterations the pulses are compressed to the theoretical transform limit,
as defined by the Fourier transformation of the fundamental laser spectrum. In order to
confirm that the compression is complete, the measured SHG spectrum is compared with
calculated results based on the fundamental laser spectrum and assuming no phase distortions.
The excellent agreement between the calculated and experimentally measured SHG spectra in
both linear and log-10 scale is shown in Fig. 2(b) and 2(c).
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Fig. 2. (a) Laser spectrum after the microscope objective. (b) Comparison of experimental
(black) and calculated (red) SHG spectrum on linear scale. (¢) Comparison of SHG spectrum
on Log-10 scale. (d) Comparison of experimental (black) and calculated (red) interferometric
autocorrelation trace. Insert: calculated temporal profile based on the measured laser spectrum
(e) Dependence of intensity of SHG (green) and THG (blue) on laser pulse duration. Spots:
experimental results; Lines: fitting of experimental data.

After pulse compression, the pulse shaper is used to create two pulse replicas and scan one
of them in time to obtain an in situ interferometric autocorrelation at the focal plane of the
objective [20]. The full-width at half-maximum (FWHM) duration of the experimental
interferometric autocorrelation, shown in Fig. 2(d), is 38 fs corresponding to FWHM pulse
duration of 27 fs. This pulse duration is confirmed by comparing experimental (black) and
calculated (red) interferometric autocorrelation traces, as shown in Fig. 2(d). The small wings
on the transform limited pulse are caused by the sharp features of the laser spectrum
(Fig. 1(a)). According to the calculated temporal profile based on the measured laser
spectrum, there is around 95% pulse energy within the main pulse. The measured pulse
duration after the microscope objective is longer than the 21 fs measured for the compressed
pulse duration measured before the objective. The additional pulse broadening is caused by
the reduced transmittance of the objective [17] (70% to 50% in the 950 nm to 1150 nm
spectral range). After compression and characterization, the KDP crystal is replaced with the
microscopy samples. Bright-field imaging is used to ascertain location of samples at the
objective focus.

The dependence of SHG and THG intensity on laser pulse duration is also experimentally
measured to confirm theoretical expectation. For these measurements the laser beam is
focused using a 20x objective on either a BBO crystal to generate SHG signal or on a 1 mm
thick glass slide to generate THG. Signals are collected using a spectrometer and integrated.
Pulse duration is controlled by adding second order dispersion (linear chirp) to the laser pulses
using the pulse shaper. Both SHG and THG signals, normalized at 50 fs, decrease with
increasing pulse duration as shown in Fig. 2(e). SHG intensity changes according to 7'
(slope = —1.01 £ 0.02), while THG intensity changes according to 2% (slope = —2.20 + 0.2).

#167236 - $15.00 USD Received 25 Apr 2012; revised 8 Jun 2012; accepted 9 Jun 2012; published 27 Jun 2012
(C) 2012 OSA 1 July 2012 / Vol. 3, No. 7/ BIOMEDICAL OPTICS EXPRESS 1753



These values agree with the theoretical expectation. The slight deviation found for THG is
probably caused by the lower signal to noise ratio of the measurements.

3. Results

Fluorescein (emission from 470 nm to 650 nm) stained polystyrene microspheres
(Fluoresbrite® YG Carboxylate Microspheres 6.00um, Polysciences Inc.) are used to test the
system before imaging live tissues. The signal in the Epi detection corresponds to TPEF, and
the signal in the forward direction corresponds to THG. The galvanic mirrors control the area
of the sample imaged, as shown in Fig. 3. Comparing the images generated by TPEF and
THG in Fig. 3(a) and 3(b), we find that THG images have much better contrast. By limiting
the scan range (Fig. 3(c)), a ~1 pm feature that arises from the fabrication of the microspheres
can be seen on the 6 pm microspheres. The conditions for THG emission in microscopy have
been discussed by Silberberg [5], essentially a change in index of refraction is required to
break the backward-forward symmetry near the focal plane. The index of refraction of
polystyrene is ~1.57 for 1 pm wavelength light, a large change compared to the index of
refraction of air ~1. Therefore THG signal is expected and observed from the surface of
polystyrene microspheres. Unlike THG, the TPEF signal is due to the emission from
fluorescein that coats the microspheres.

w

)
10 pm @ 2 ﬂn

Fig. 3. Multiphoton microscopy images of polystyrene microspheres. (a) Two-photon excited
fluorescence (TPEF) image (b) THG image (c) THG image of single bead.

Imaging of biological tissues, unstained samples of fly wings and fish tails, are used to
demonstrate the practical relevance of the laser. The samples are mounted on glass slides with
Tissue-Tek O.C.T. compound (Sakura, CA) and allowed to immobilize for 30min before
imaging. The laser intensity used for imaging the fish tail is 17 mW. The laser power for
imaging fly wings is reduced to 7 mW, because higher power is found to damage the sample.
Bright-field images were checked before and after imaging to make sure there is no damage
on the sample after excitation (Fig. 3(d) and 3(h)). The SHG (Fig. 4(a) and 4(e)) and THG
(Fig. 4(b) and 4(f)) images are shown in false color. SHG and THG signals are
complementary because they arise from different phase conditions. SHG requires non-
centrosymmetric structures while THG requires a change in the index of refraction. By
merging the SHG and THG images, we can clearly see the complementary results Figs. 4(c)
and 4(g). THG signal from fish tail is not as intense as the SHG signal because of sample
thickness. However, there is some complementary information at the edge of the cells
provided in the THG images, which is due to the enhanced THG at the interface. For fly wing,
THG signals are strongest from the fine hairs on the wing while SHG signal is strongest from
the chitin surfaces. Note that the use of sub-30fs pulses resulted in comparable SHG and THG
signal levels from fruit fly wings even when using only ~0.1 nJ pulse energy from a fiber
laser.

Given that a good spatial mode is required for microscopy, there has been some concern
whether 4f pulse shapers introduce obvious spatial distortion due to space-time coupling
(STC). There have been a number of studies about STC caused by 4f pulse shapers and by
acousto-optic programmable dispersive filters (AOPDF) in the past two decades [21-24].
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According to ref [22], under pure phase modulation introduced by a 4f pulse shaper, the beam
profile at the focal plane of the objective is only determined by the incident beam profile. STC
would only affect the temporal profile of the beam at the focal plane, and would result in a
spatially dependent frequency shift. This magnitude of the shift, is described by Eq. (1), and is

proportional to the beam size of a monochromatic beam on the SLM (2w;*" ) and inversely

proportional to the number of SLM pixels (N ) covered by the input laser spectrum. Here,
Ax, is the SLM pixel size, and o, is the full bandwidth of the incident laser.

AQ = (o, / N)ew / Ax,). (1)

In our experiment, N = 600, 2W§LM ~ Ax,. The ratio (AQ /o, ) between the frequency shift

and the full laser bandwidth is only ~0.17%. This minor distortion would be hard to measure

and can be ignored. From Eq. (1) we also note that, the frequency shift is equal to the spectral

resolution of the shaper (o, /N) when 2w,"" = Ax, . Further reducing the spot size of a

monochromatic beam on the SLM would not help to reduce the frequency shift, which is
limited by the shaper resolution. Hence, we confirm STC is negligible for 4f shapers with an
optical resolution equal to or smaller than the SLM pixel size.

)

10 pm

10 pm

Fig. 4. Multiphoton microscopy images of live tissues. (False color) Top line: images of a
guppy fish (Poecilia reticulata) tail. (a) SHG image (green) (b) THG image (blue) (c)
Composition of SHG and THG images. (d) Bright-field microscope image. Bottom line:
images of fruit fly (Drosophila melanogaster) wings. (¢) SHG image (false color, red) (f) THG
image (false color, Cyan) (g) Composition of SHG and THG images. (h) Bright-field
microscope image.

4. Conclusion

We have demonstrated the use of a new generation of ultrafast fiber laser oscillator ideally
suited for multi-modal biomedical imaging. The shorter pulse durations achieved by the laser
greatly enhance two- and three-photon induced modalities in both stained and unstained living
tissues. Complementary results of SHG and THG from living tissue are shown under similar
laser conditions.

Acknowledgments

We gratefully acknowledge a valuable discussion about space time coupling with Vadim V.
Lozovoy from the Dantus group. The Dantus Research Group gratefully acknowledges

#167236 - $15.00 USD Received 25 Apr 2012; revised 8 Jun 2012; accepted 9 Jun 2012; published 27 Jun 2012
(C) 2012 OSA 1 July 2012 / Vol. 3, No. 7/ BIOMEDICAL OPTICS EXPRESS 1755



support from the National Science Foundation CRIF: Instrument Development grant 0923957
for the development of next-generation laser sources for biomedical imaging, and support
from the National Institute of Health (Grant No. EB008843), for the evaluation of short pulse
lasers for biomedical imaging. The Wise Research Group gratefully acknowledges funding
from the National Science Foundation (Grant No. ECS-0901323) and the National Institute of
Health (Grant No. EB002019).

#167236 - $15.00 USD Received 25 Apr 2012; revised 8 Jun 2012; accepted 9 Jun 2012; published 27 Jun 2012
(C) 2012 OSA 1 July 2012 / Vol. 3, No. 7/ BIOMEDICAL OPTICS EXPRESS 1756



	References and links
	1. Introduction
	2. Experimental setup
	Fig. 1. Schematic of imaging setup. (a) Fiber laser cavity layout. PCF: photonic crystal fiber; SMF: single mode fiber; WDM: wavelength-division multiplexer; HWP and QWP: half- and quarter-waveplate; PBS: polarization beam splitter. (b) 4f-folded puls...
	Fig. 2. (a) Laser spectrum after the microscope objective. (b) Comparison of experimental (black) and calculated (red) SHG spectrum on linear scale. (c) Comparison of SHG spectrum on Log-10 scale. (d) Comparison of experimental (black) and calculated ...
	3. Results
	Fig. 3. Multiphoton microscopy images of polystyrene microspheres. (a) Two-photon excited fluorescence (TPEF) image (b) THG image (c) THG image of single bead.
	Fig. 4. Multiphoton microscopy images of live tissues. (False color) Top line: images of a guppy fish (Poecilia reticulata) tail. (a) SHG image (green) (b) THG image (blue) (c) Composition of SHG and THG images. (d) Bright-field microscope image. Bott...
	4. Conclusion


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /All

  /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 1.5

  /CompressObjects /All

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /sRGB

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

    /AcademyEngravedLetPlain

    /ACaslonPro-Bold

    /ACaslonPro-BoldItalic

    /ACaslonPro-Italic

    /ACaslonPro-Regular

    /ACaslonPro-Semibold

    /ACaslonPro-SemiboldItalic

    /AdobeArabic-Bold

    /AdobeArabic-BoldItalic

    /AdobeArabic-Italic

    /AdobeArabic-Regular

    /AdobeFangsongStd-Regular

    /AdobeFanHeitiStd-Bold

    /AdobeGothicStd-Bold

    /AdobeHebrew-Bold

    /AdobeHebrew-BoldItalic

    /AdobeHebrew-Italic

    /AdobeHebrew-Regular

    /AdobeHeitiStd-Regular

    /AdobeKaitiStd-Regular

    /AdobeMingStd-Light

    /AdobeMyungjoStd-Medium

    /AdobeSongStd-Light

    /AGaramondPro-Bold

    /AGaramondPro-BoldItalic

    /AGaramondPro-Italic

    /AGaramondPro-Regular

    /AgencyFB-Bold

    /AgencyFB-Reg

    /Aharoni-Bold

    /Algerian

    /Andalus

    /AngsanaNew

    /AngsanaNew-Bold

    /AngsanaNew-BoldItalic

    /AngsanaNew-Italic

    /AngsanaUPC

    /AngsanaUPC-Bold

    /AngsanaUPC-BoldItalic

    /AngsanaUPC-Italic

    /Aparajita

    /Aparajita-Bold

    /Aparajita-BoldItalic

    /Aparajita-Italic

    /ArabicTypesetting

    /Arial-Black

    /Arial-BoldItalicMT

    /Arial-BoldMT

    /Arial-ItalicMT

    /ArialMT

    /ArialNarrow

    /ArialNarrow-Bold

    /ArialNarrow-BoldItalic

    /ArialNarrow-Italic

    /ArialRoundedMTBold

    /ArialUnicodeMS

    /BaskOldFace

    /Batang

    /BatangChe

    /Bauhaus93

    /BellMT

    /BellMTBold

    /BellMTItalic

    /BerlinSansFB-Bold

    /BerlinSansFBDemi-Bold

    /BerlinSansFB-Reg

    /BernardMT-Condensed

    /BirchStd

    /BlackadderITC-Regular

    /Blackletter686BT-Regular

    /BlackoakStd

    /BodoniMT

    /BodoniMTBlack

    /BodoniMTBlack-Italic

    /BodoniMT-Bold

    /BodoniMT-BoldItalic

    /BodoniMTCondensed

    /BodoniMTCondensed-Bold

    /BodoniMTCondensed-BoldItalic

    /BodoniMTCondensed-Italic

    /BodoniMT-Italic

    /BodoniMTPosterCompressed

    /BookAntiqua

    /BookAntiqua-Bold

    /BookAntiqua-BoldItalic

    /BookAntiqua-Italic

    /BookmanOldStyle

    /BookmanOldStyle-Bold

    /BookmanOldStyle-BoldItalic

    /BookmanOldStyle-Italic

    /BookshelfSymbolSeven

    /BradleyHandITC

    /BritannicBold

    /Broadway

    /BroadwayBT-Regular

    /BrowalliaNew

    /BrowalliaNew-Bold

    /BrowalliaNew-BoldItalic

    /BrowalliaNew-Italic

    /BrowalliaUPC

    /BrowalliaUPC-Bold

    /BrowalliaUPC-BoldItalic

    /BrowalliaUPC-Italic

    /BrushScriptMT

    /BrushScriptStd

    /Calibri

    /Calibri-Bold

    /Calibri-BoldItalic

    /Calibri-Italic

    /CalifornianFB-Bold

    /CalifornianFB-Italic

    /CalifornianFB-Reg

    /CalisMTBol

    /CalistoMT

    /CalistoMT-BoldItalic

    /CalistoMT-Italic

    /Calligraphic421BT-RomanB

    /Cambria

    /Cambria-Bold

    /Cambria-BoldItalic

    /Cambria-Italic

    /CambriaMath

    /Candara

    /Candara-Bold

    /Candara-BoldItalic

    /Candara-Italic

    /Castellar

    /CataneoBT-Regular

    /Centaur

    /Century

    /CenturyGothic

    /CenturyGothic-Bold

    /CenturyGothic-BoldItalic

    /CenturyGothic-Italic

    /CenturySchoolbook

    /CenturySchoolbook-Bold

    /CenturySchoolbook-BoldItalic

    /CenturySchoolbook-Italic

    /ChaparralPro-Bold

    /ChaparralPro-BoldIt

    /ChaparralPro-Italic

    /ChaparralPro-Regular

    /CharlemagneStd-Bold

    /Chiller-Regular

    /ColonnaMT

    /ComicSansMS

    /ComicSansMS-Bold

    /Consolas

    /Consolas-Bold

    /Consolas-BoldItalic

    /Consolas-Italic

    /Constantia

    /Constantia-Bold

    /Constantia-BoldItalic

    /Constantia-Italic

    /CooperBlack

    /CooperBlackStd

    /CooperBlackStd-Italic

    /CopperplateGothic-Bold

    /CopperplateGothic-Light

    /Corbel

    /Corbel-Bold

    /Corbel-BoldItalic

    /Corbel-Italic

    /CordiaNew

    /CordiaNew-Bold

    /CordiaNew-BoldItalic

    /CordiaNew-Italic

    /CordiaUPC

    /CordiaUPC-Bold

    /CordiaUPC-BoldItalic

    /CordiaUPC-Italic

    /CourierNewPS-BoldItalicMT

    /CourierNewPS-BoldMT

    /CourierNewPS-ItalicMT

    /CourierNewPSMT

    /CurlzMT

    /DaunPenh

    /David

    /David-Bold

    /DFKaiShu-SB-Estd-BF

    /DilleniaUPC

    /DilleniaUPCBold

    /DilleniaUPCBoldItalic

    /DilleniaUPCItalic

    /DokChampa

    /Dotum

    /DotumChe

    /Ebrima

    /Ebrima-Bold

    /EdwardianScriptITC

    /Elephant-Italic

    /Elephant-Regular

    /EngraversMT

    /ErasITC-Bold

    /ErasITC-Demi

    /ErasITC-Light

    /ErasITC-Medium

    /EstrangeloEdessa

    /Euclid

    /Euclid-Bold

    /Euclid-BoldItalic

    /EuclidExtra

    /EuclidExtra-Bold

    /EuclidFraktur

    /EuclidFraktur-Bold

    /Euclid-Italic

    /EuclidMathOne

    /EuclidMathOne-Bold

    /EuclidMathTwo

    /EuclidMathTwo-Bold

    /EuclidSymbol

    /EuclidSymbol-Bold

    /EuclidSymbol-BoldItalic

    /EuclidSymbol-Italic

    /EucrosiaUPC

    /EucrosiaUPCBold

    /EucrosiaUPCBoldItalic

    /EucrosiaUPCItalic

    /EuphemiaCAS

    /FangSong

    /FelixTitlingMT

    /FencesPlain

    /FootlightMTLight

    /ForteMT

    /FranklinGothic-Book

    /FranklinGothic-BookItalic

    /FranklinGothic-Demi

    /FranklinGothic-DemiCond

    /FranklinGothic-DemiItalic

    /FranklinGothic-Heavy

    /FranklinGothic-HeavyItalic

    /FranklinGothic-Medium

    /FranklinGothic-MediumCond

    /FranklinGothic-MediumItalic

    /FrankRuehl

    /FreesiaUPC

    /FreesiaUPCBold

    /FreesiaUPCBoldItalic

    /FreesiaUPCItalic

    /FreestyleScript-Regular

    /FrenchScriptMT

    /Gabriola

    /Garamond

    /Garamond-Bold

    /Garamond-Italic

    /Gautami

    /Gautami-Bold

    /Georgia

    /Georgia-Bold

    /Georgia-BoldItalic

    /Georgia-Italic

    /GiddyupStd

    /Gigi-Regular

    /GillSansMT

    /GillSansMT-Bold

    /GillSansMT-BoldItalic

    /GillSansMT-Condensed

    /GillSansMT-ExtraCondensedBold

    /GillSansMT-Italic

    /GillSans-UltraBold

    /GillSans-UltraBoldCondensed

    /Gisha

    /Gisha-Bold

    /GloucesterMT-ExtraCondensed

    /GoudyOldStyleT-Bold

    /GoudyOldStyleT-Italic

    /GoudyOldStyleT-Regular

    /GoudyStout

    /Gulim

    /GulimChe

    /Gungsuh

    /GungsuhChe

    /Haettenschweiler

    /HarlowSolid

    /Harrington

    /HighTowerText-Italic

    /HighTowerText-Reg

    /HoboStd

    /HolidayPiBT-Regular

    /Impact

    /ImprintMT-Shadow

    /InformalRoman-Regular

    /IrisUPC

    /IrisUPCBold

    /IrisUPCBoldItalic

    /IrisUPCItalic

    /IskoolaPota

    /IskoolaPota-Bold

    /JasmineUPC

    /JasmineUPCBold

    /JasmineUPCBoldItalic

    /JasmineUPCItalic

    /JokermanLetPlain

    /Jokerman-Regular

    /JuiceITC-Regular

    /KaiTi

    /Kalinga

    /Kalinga-Bold

    /Kartika

    /Kartika-Bold

    /KhmerUI

    /KhmerUI-Bold

    /KodchiangUPC

    /KodchiangUPCBold

    /KodchiangUPCBoldItalic

    /KodchiangUPCItalic

    /Kokila

    /Kokila-Bold

    /Kokila-BoldItalic

    /Kokila-Italic

    /KozGoPr6N-Bold

    /KozGoPr6N-ExtraLight

    /KozGoPr6N-Heavy

    /KozGoPr6N-Light

    /KozGoPr6N-Medium

    /KozGoPr6N-Regular

    /KozGoPro-Bold

    /KozGoPro-ExtraLight

    /KozGoPro-Heavy

    /KozGoPro-Light

    /KozGoPro-Medium

    /KozGoPro-Regular

    /KozMinPr6N-Bold

    /KozMinPr6N-ExtraLight

    /KozMinPr6N-Heavy

    /KozMinPr6N-Light

    /KozMinPr6N-Medium

    /KozMinPr6N-Regular

    /KozMinPro-Bold

    /KozMinPro-ExtraLight

    /KozMinPro-Heavy

    /KozMinPro-Light

    /KozMinPro-Medium

    /KozMinPro-Regular

    /KristenITC-Regular

    /KunstlerScript

    /LaoUI

    /LaoUI-Bold

    /Latha

    /Latha-Bold

    /LatinWide

    /Leelawadee

    /Leelawadee-Bold

    /LetterGothicStd

    /LetterGothicStd-Bold

    /LetterGothicStd-BoldSlanted

    /LetterGothicStd-Slanted

    /LevenimMT

    /LevenimMT-Bold

    /LilyUPC

    /LilyUPCBold

    /LilyUPCBoldItalic

    /LilyUPCItalic

    /LithosPro-Black

    /LithosPro-Regular

    /LucidaBright

    /LucidaBright-Demi

    /LucidaBright-DemiItalic

    /LucidaBright-Italic

    /LucidaCalligraphy-Italic

    /LucidaConsole

    /LucidaFax

    /LucidaFax-Demi

    /LucidaFax-DemiItalic

    /LucidaFax-Italic

    /LucidaHandwriting-Italic

    /LucidaSans

    /LucidaSans-Demi

    /LucidaSans-DemiItalic

    /LucidaSans-Italic

    /LucidaSans-Typewriter

    /LucidaSans-TypewriterBold

    /LucidaSans-TypewriterBoldOblique

    /LucidaSans-TypewriterOblique

    /LucidaSansUnicode

    /Magneto-Bold

    /MaiandraGD-Regular

    /MalgunGothic

    /MalgunGothicBold

    /MalgunGothicRegular

    /Mangal

    /Mangal-Bold

    /Marlett

    /MaturaMTScriptCapitals

    /Meiryo

    /Meiryo-Bold

    /Meiryo-BoldItalic

    /Meiryo-Italic

    /MeiryoUI

    /MeiryoUI-Bold

    /MeiryoUI-BoldItalic

    /MeiryoUI-Italic

    /MesquiteStd

    /MicrosoftHimalaya

    /MicrosoftJhengHeiBold

    /MicrosoftJhengHeiRegular

    /MicrosoftNewTaiLue

    /MicrosoftNewTaiLue-Bold

    /MicrosoftPhagsPa

    /MicrosoftPhagsPa-Bold

    /MicrosoftSansSerif

    /MicrosoftTaiLe

    /MicrosoftTaiLe-Bold

    /MicrosoftUighur

    /MicrosoftYaHei

    /MicrosoftYaHei-Bold

    /Microsoft-Yi-Baiti

    /MilanoLet

    /MingLiU

    /MingLiU-ExtB

    /Ming-Lt-HKSCS-ExtB

    /Ming-Lt-HKSCS-UNI-H

    /MinionPro-Bold

    /MinionPro-BoldCn

    /MinionPro-BoldCnIt

    /MinionPro-BoldIt

    /MinionPro-It

    /MinionPro-Medium

    /MinionPro-MediumIt

    /MinionPro-Regular

    /MinionPro-Semibold

    /MinionPro-SemiboldIt

    /Miriam

    /MiriamFixed

    /MisterEarlBT-Regular

    /Mistral

    /Modern-Regular

    /MongolianBaiti

    /MonotypeCorsiva

    /MoolBoran

    /MS-Gothic

    /MS-Mincho

    /MSOutlook

    /MS-PGothic

    /MS-PMincho

    /MSReferenceSansSerif

    /MSReferenceSpecialty

    /MS-UIGothic

    /MT-Extra

    /MTExtraTiger

    /MVBoli

    /MyriadPro-Bold

    /MyriadPro-BoldCond

    /MyriadPro-BoldCondIt

    /MyriadPro-BoldIt

    /MyriadPro-Cond

    /MyriadPro-CondIt

    /MyriadPro-It

    /MyriadPro-Regular

    /MyriadPro-Semibold

    /MyriadPro-SemiboldIt

    /MyriadWebPro

    /MyriadWebPro-Bold

    /MyriadWebPro-Italic

    /Narkisim

    /NiagaraEngraved-Reg

    /NiagaraSolid-Reg

    /NSimSun

    /NuevaStd-BoldCond

    /NuevaStd-BoldCondItalic

    /NuevaStd-Cond

    /NuevaStd-CondItalic

    /Nyala-Regular

    /OCRAExtended

    /OCRAStd

    /OldDreadfulNo7BT-Regular

    /OldEnglishTextMT

    /OneStrokeScriptLetPlain

    /Onyx

    /OratorStd

    /OratorStd-Slanted

    /OSAEditMarks

    /PalaceScriptMT

    /PalatinoLinotype-Bold

    /PalatinoLinotype-BoldItalic

    /PalatinoLinotype-Italic

    /PalatinoLinotype-Roman

    /Papyrus-Regular

    /Parchment-Regular

    /ParkAvenueBT-Regular

    /Perpetua

    /Perpetua-Bold

    /Perpetua-BoldItalic

    /Perpetua-Italic

    /PerpetuaTitlingMT-Bold

    /PerpetuaTitlingMT-Light

    /PlantagenetCherokee

    /Playbill

    /PMingLiU

    /PMingLiU-ExtB

    /PoorRichard-Regular

    /PoplarStd

    /PrestigeEliteStd-Bd

    /Pristina-Regular

    /Raavi

    /RageItalic

    /RageItalicLetPlain

    /Ravie

    /Rockwell

    /Rockwell-Bold

    /Rockwell-BoldItalic

    /Rockwell-Condensed

    /Rockwell-CondensedBold

    /Rockwell-ExtraBold

    /Rockwell-Italic

    /Rod

    /RosewoodStd-Regular

    /SakkalMajalla

    /SakkalMajallaBold

    /ScriptMTBold

    /SegoePrint

    /SegoePrint-Bold

    /SegoeScript

    /SegoeScript-Bold

    /SegoeUI

    /SegoeUI-Bold

    /SegoeUI-BoldItalic

    /SegoeUI-Italic

    /SegoeUI-Light

    /SegoeUI-SemiBold

    /SegoeUISymbol

    /ShonarBangla

    /ShonarBangla-Bold

    /ShowcardGothic-Reg

    /Shruti

    /Shruti-Bold

    /SimHei

    /SimplifiedArabic

    /SimplifiedArabic-Bold

    /SimplifiedArabicFixed

    /SimSun

    /SimSun-ExtB

    /SmudgerAltsLetPlain

    /SmudgerLetPlain

    /SnapITC-Regular

    /Square721BT-Roman

    /Staccato222BT-Regular

    /Stencil

    /StencilStd

    /STIXGeneral-Regular

    /Sylfaen

    /SymbolMT

    /SymbolTiger

    /SymbolTigerExpert

    /Tahoma

    /Tahoma-Bold

    /TektonPro-Bold

    /TektonPro-BoldCond

    /TektonPro-BoldExt

    /TektonPro-BoldObl

    /TempusSansITC

    /Tiger

    /TigerExpert

    /TimesNewRomanPS-BoldItalicMT

    /TimesNewRomanPS-BoldMT

    /TimesNewRomanPS-ItalicMT

    /TimesNewRomanPSMT

    /TraditionalArabic

    /TraditionalArabic-Bold

    /TrajanPro-Bold

    /TrajanPro-Regular

    /Trebuchet-BoldItalic

    /TrebuchetMS

    /TrebuchetMS-Bold

    /TrebuchetMS-Italic

    /Tunga

    /Tunga-Bold

    /TwCenMT-Bold

    /TwCenMT-BoldItalic

    /TwCenMT-Condensed

    /TwCenMT-CondensedBold

    /TwCenMT-CondensedExtraBold

    /TwCenMT-Italic

    /TwCenMT-Regular

    /UniversityRomanAltsLetPlain

    /Utsaah

    /Utsaah-Bold

    /Utsaah-BoldItalic

    /Utsaah-Italic

    /Vani

    /Vani-Bold

    /Verdana

    /Verdana-Bold

    /Verdana-BoldItalic

    /Verdana-Italic

    /Vijaya

    /Vijaya-Bold

    /VinerHandITC

    /Vivaldii

    /VladimirScript

    /Vrinda

    /Vrinda-Bold

    /Webdings

    /Wingdings2

    /Wingdings3

    /Wingdings-Regular

    /ZWAdobeF

  ]

  /NeverEmbed [ true

    /Helvetica

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 600

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.00000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /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 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 600

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.00000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /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 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.00000

  /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



  /CreateJDFFile false

  /Description <<





    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /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 6.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /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 6.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>





    /SKY <>



    /SUO <>

    /SVE <>

    /TUR <>



    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice





