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Abstract: The objective of this study is to study, design, and develop a high-speed PIN
photodiode based on InxGa1−xN/GaN alloys deposited by metal–organic chemical vapor
deposition. The configuration used for the PIN photodiode is based on an absorbing layer
composed of In0.1Ga0.9N multiple quantum wells. Structural, microstructural, and optical
analyses have been carried out using TEM, PL, and absorption measurement. The design of
PIN structures varies with an active surface ranging from 104 to 106

μm2. Static and dynamic
characterizations have been performed to qualify the photodiode response. A photocurrent
value reaching a maximum of 1.2 mA is reported for a diode of 100 × 100 μm2 area, with
an external quantum efficiency of 13%. Using the noise measurement technique, the device
reveals a −3-dB cutoff frequency of 300 MHz for the same photodiode. This result clearly
shows the potential of III-nitride materials for targeting high-speed optoelectronics. The
future prospect is to work toward InGaN-based microphotodiodes in order to achieve optical
transmission links in the UV-visible range using the same material system.

Index Terms: Photodetectors, GaN, bandwidth, fabrication and characterization.

1. Introduction
III-Nitride semi-conductor materials have attracted a lot of interest for new generation of optoelec-
tronic devices [1]. The advantage with these materials is the flexible bandgap varying from 0.7
to 6 eV hence covering an ultra-broad spectrum, from deep ultraviolet up to near infrared [2],
allowing the development of numerous applications. Solar cells based on nitride materials have
readily been investigated for terrestrial and space-based applications [3]. Transistors performance
for high power electronics, ground-based communications and biological agent detection devices
has been enhanced [4]. Major efforts have been dedicated to the technological fabrication in order
to achieve efficient emitters and detectors [5]. Recent progress has demonstrated cutting-edge
results in high-speed data rate connectivity and integrated circuits [6]. Imaging sensors based on
high speed electronics have been implemented based on their sensitive applications in security
screening [7]. Gallium nitride (GaN) as a member of III-nitride family has become the revolutionary
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material owing to its electronic and optical properties. Direct, flexible and wide bandgap of GaN
makes this materiel a key candidate for achieving high frequency, bandwidth, power and efficiency
devices. GaN based detectors are in particular suitable for full color display, high density information
storage, and UV-VIS communication links [8].

Among the most important optical properties that GaN and related alloys exhibit is the absorption
coefficient which directly determines device operation. Its measured value is about 105 cm−1, much
higher than that of GaAs (104 cm−1) and Si (103 cm−1) near the band edge [9]. GaN-based alloys
are very promising as they can deliver higher critical field compatible with higher power densities
as well as higher electron saturation velocities and consequently ultrafast transition times, leading
to higher operating frequencies.

In the past, many efforts have been devoted to the achievement of higher output power, efficiency
and cut-off frequency [10], [11]. Basically, the main limitations for accomplishing these objectives
are the saturation under high injection regime, the intrinsic bandwidth and the coupling between
the RF power and the antenna [12], [13].

In the literature, authors report some studies related to time as well as frequency response of
PIN UV photodetectors. From single crystal GaN, Carrano et al. [14] have measured a rise-time
of ∼43 psec at 15 V reverse bias voltage for a mesa diameter of 60 μm and 1μm thick InGaN
intrinsic region. Authors indicate that PIN photodetectors are mostly transit-time limited for small
area while they are RC-limited for larger area due to parasitic capacitances. The same group has
reported fast PIN photodiodes with time responses shorter than 1ns at −5 V bias voltage [15]. This
result demonstrates that lowering the device capacitance requires a thicker intrinsic InGaN layer
(thickness up to 1 μm). Therefore, the transit time of the carriers is the main factor limiting the
time response instead of the RC factor. The disadvantage of Carrano’s structure consists in its low
responsivity value (30 mA/W at –5 V) since the intrinsic region is thicker than the diffusion length of
the carriers. In our study, we have applied a bias voltage of -5 V in order to desert completely the
intrinsic layer (thickness of 145 nm). Therefore, as the intrinsic layer is very thin, one can consider
here that the behavior of the photodiode is similar to a classical PIN structure. The transport is
governed by the transit of the carrier across the intrinsic layer. In this condition, photocurrent is
saturated at the bias voltage of −5 Volts.

The photodiode is currently one of the most popular device used for light detection. Its external
quantum efficiency (EQE) describes the number of electros/hole pairs generated by absorbed
photons participating in the photocurrent. EQE is calculated using the formula:

E Q E = R × hc
qλ

(1)

Where R is the responsivity at the wavelength λ, h the Planck’s constant, c the speed of light and
q the electron charge. The cut-off frequency at −3 dB related to RC time constant is expressed as
following:

F RC = 1/2πRC (2)

Where R is the global resistance of photodiode and the load resistance and the capacitance
C = ε S

e with S is the photodiode surface and e the thickness of the active layer. This work aims to
study the relation between the device dimensions and the frequency behavior for GaN materials.

2. Experiments
The proposed PIN structure consists of a thick not-intentionally-doped (n.i.d) GaN buffer layer
(called also undoped GaN) on c-plane (0001) sapphire. In order to ensure a high crystalline quality
GaN and to move away from the GaN/Sapphire interface, the thickness of this layer is chosen to be
2.5 μm. This is followed by a 3.5 μm thick Si-doped n-type GaN layer with a carrier concentration
of 3 × 1018 cm−3.

The thickness of the “i” intrinsic- absorption- layer, is ∼145 nm in order to efficiently absorb the
incident light. The MQW structure is gown with ten pairs of InGaN/GaN with thicknesses of 2.5 nm
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Fig 1. (a) PIN structure, (b) TEM analysis for InGaN/GaN.

Fig 2. XRD scan measurement for MQW structure grown by MOCVD.

for InGaN and 12 nm for GaN within the InGaN/GaN well. 100 nm Mg-doped p-type GaN layer is
grown as the top layer with a carrier concentration of 5 × 1017 cm−3 as shown in Fig. 1.

InGaN/GaN MQW configuration exhibits less strain stress in the structure, resulting in a better
material quality compared to an InGaN single layer deposited on top of a GaN template. Note that
in a previous study [17], we have studied both configurations from XRD, PL and TEM analysis. The
microstructure will reveal an improved quality for InGaN/GaN MQW compared to the single thick
layer: this is mainly due to the significant reduction of threading dislocation.

The analysis of structural and the optical properties have been performed in order to investigate
the crystalline quality from X-ray Diffraction (XRD) and density of dislocation and surface morphol-
ogy from TEM. The XRD analysis indicate that the InGaN is highly oriented along the c-axis with
sharp and narrow peak. The high intensity peak observed clearly at 72.7° corresponds to the thick
GaN buffer layer beneath the PIN structure, which indicates that the GaN is highly oriented along
the c-axis (see Fig. 2). For the InGaN/GaN MQW, it exhibits satellite peaks, the position and the
intensity of peak is changing due the unexpected interfaces change of wells in the InGaN/GaN
period. The series of peaks (satellite peaks) numbered from −4 to +4 could provide information
about indium composition, period numbers and well thickness. The position of main MQW peak
(position “0”) enables the calculation of the average indium content in the InGaN/GaN period and
not the indium content in the InGaN layer.
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Fig 3. Image issued from super-zoom HD camera showing coplanar photodiode (a) in dark measurement
(b) under illumination.

We will consider that MQW layers are assumed to be relaxed in order to determine the in-
dium composition. The approximation of Indium content is obtained by comparison of measured
curve with a simulated structure using LEPTOS software. The type of XRD measurement for this
comparison is a rocking curve omega measurement and the average indium percentage is about
12%. The Full width at half maximum (FWHM) for InGaN is about 405 arcseconds due to the period
interface roughness and may also be related to the alloy fluctuation.

Fig. 1(b) reveals the improved quality owing to the significant reduction of threading dislocations
(108 cm−2). Optical properties have been evaluated using Photoluminescence (PL) and absorption
measurement in order to obtain the cut-off wavelength. These have shown a sharp single PL peak
corresponding to near-band edge transition in the epitaxial MQW InGaN phase at 425 nm (2.91 eV)
with a narrow FWHM of 14 nm. This value has been confirmed by the absorption measurement for
the InGaN layer absorption coefficient of 1.6 × 105 almost similar to the reported values [16].

Fabrication process of photodiode consists of four steps starting by p-type top contact deposition,
etching process to reach n-GaN layer, n-type contact deposition and finally thermal annealing
of n and p contacts. Metals have been optimized to be Pd/Au with respective thicknesses of
35 nm/120 nm for p-type top contact demonstrating the high work function of Pd metal associated
with its high reactivity with low contact resistance [17]. Ti/Al/Au metals with respective thicknesses
of 10 nm/30 nm/300 nm for n-type bottom contact have been used [18].

The measurement of photocurrent relies on two important factors, the wavelength of incident
light and the output power. For this reason, a laser source has been used for powerful input light.
Besides, fiber-coupled laser source is the optimal choice due to the ease to focus a laser beam
using stripped and cleaved optical fiber (see Fig. 3). The wavelength of fiber-coupled laser source
is 405 nm and its output power reaches 100 mW.

In order to estimate the cut-off frequency, we have first theoretically calculated it from the average
value of the capacitance C. Previously, we have investigated the capacitance values using a C-
V setup, for photodiode areas ranging from 100 × 100 μm2 to 1000 × 1000 μm2. The extraction
of capacitance permits us to estimate the cut-off frequency and compare these results to the
theoretical values. This approach gives some indications in order to optimize the design of the
photodiodes and more generally to reduce the capacitive effects. To the best of our knowledge,
no method exists that allows the direct measurement of the photodiode cut-off frequency in UV-
Vis region. For the frequency experiments, due to the lack of modulated laser source (in the
wavelength range 400 to 633 nm), we have performed noise figure techniques already used for
III-V semiconductors technologies samples but in the IR range. This experiment is related to the
noise figure measurement. Briefly, among the different noise components (thermal noise, shot
noise, transit-time noise, etc.), the most important one is the shot noise for the photodiode. This
noise is mainly due to the velocity distribution of the carriers. Shot noise should vary according to
the photodiode current, while the thermal noise related to the photodiode and the Noise-Figure-
Meter should be constant. The experiment is performed using the photocurrent measurement
set-up with laser source (λ = 405nm) as incident light; the Noise-Figure-Meter is connected to
the RF probes and signal generator. RF probes and laser spot are adjusted on the photodiode
with Superzoom HD camera, lamp and related screen display. Coplanar transmission lines have
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Fig 4. I-V characteristics for dark and photocurrent measurements at different laser powers.

Fig 5. Noise measurement for 100 × 100 μm2 photodiode using Noise-Figure-Meter technique.

been designed and fabricated on top of the samples. Measurements are performed under reverse
bias both in the dark and under illumination by laser source. This method is considered as one
of the most convenient technique to extract the cut-off frequency for photodiodes. It consists in
the noise measurement as function of the frequency. This method has been used by Gouy [19]
for InP photodiode at λ = 1.5 μm. The evolution of noise response clearly indicates a limitation in
the photodiode behavior when the frequency increases, allowing the estimate of the 3 dB cut-off
frequency, a very convenient way to assess the dynamic response of fabricated photodiodes.

3. Measurement Results and Discussion
Samples with different dimensions have been investigated by photocurrent measurement in order
to evaluate the photodiode response. For each measurement, we have evaluated the dark current
followed by three photocurrents at the following output laser powers of 35, 50 and 75 mW. Fig. 4
exhibits the dark measurement and it is compared to photocurrent measurements at different laser
power (photodiode dimension of 100 × 100 μm2). The photocurrent value increases with laser power
and it attains a maximum of 1.2 mA at −4 V equivalent to 12 A/cm2; for nominal laser power of
75 mW. The leakage current of dark measurement is evaluated at around 531nA at −4 V equivalent
to 0.0053 A/cm2;. The related EQE value achieves a maximum of 13%.

The investigation of size-dependent capacitance has been performed for large-scale photodiodes
(from 100 × 100 to 1000 × 1000 μm2) using a C-V setup. The capacitance is proportional to the
photodiode size and particularly to the diameter of the mesa produced by dry etching. The cut-off
frequency related to RC time constant is extracted using reported capacitance as a function of mesa
dimensions. Results show an estimated cut-off frequency of 390 MHz for a mesa of 100 × 100 μm2.
Conversely, the lower cut-off frequency of 9 MHz is observed for 1000 × 1000 μm2 demonstrating
the influence of the capacitance on the dynamic response.

Fig. 5 shows the evolution of the noise intensity as function of frequency: we have selected a
photodiode with 100 × 100 μm2 and using coplanar lines for the probe connection. The photodiode
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TABLE 1

Comparison of Cut-Off Frequency Issued Using Theoretical Calculation, C-V Measurement and
Noise Measurement

Photodiode Surface Fc Theoretical Fc via C−V Fc via Noise

100 × 100 μm2 410 MHz 390 MHz 300 MHz

has been biased under reverse voltage in dark and under illumination of laser source in order to
measure the shot noise. The curve shows a drop of shot noise related to the photodiode current
when frequency is increased. The difference in noise intensity between dark (Ndark) and under
illumination (Nphotocurrent) is detected and observed very small when bias voltage of −4 V is applied
for small photodiode dimensions. The difference (Nphotocurrent − Ndark) in average value is roughly
about 0.8 dB. From Fig. 4, the −3-dB cut-off frequency is estimated to be 300 MHz for a photodiode
diameter of 100 μm.

The reported value of the cut-off frequency using noise measurement is compared to that calcu-
lated theoretically from (2) as well as value calculated through C-V measurements. Table 1 shows
the reported values of cut-off frequencies for 100 × 100 μm2. The theoretically calculated value is
higher than the measured ones because calculation does not take into account metal coplanar lines
which add circuit of inductance and related capacitances. This leads to parasitical capacitance and
consequently the reduction of frequency limit. The calculated value from the capacitance C-V is
close to the value deduced from noise measurement even though the coplanar lines slightly reduce
the cut-off frequency.

4. Conclusion
In this study, design, material characterization and device fabrication have been performed for
InGaN/GaN based photodiodes. The InGaN absorbent layer has been defined with 10% of indium
content. The objective of this work has been directed towards fabrication of high speed photodiodes.
The first step of this work is to optimize the photodiode design and fabrication in order to reduce the
capacitive effects. Firstly, large-scale photodiodes have been employed to extract the photocurrent
and the cut-off frequency. The increase of photocurrents is observed once the laser power is
increased and attains 1.2 mA equivalent to 12 A/cm2; with EQE value of 13%. Theoretical calculation
of the photodiode frequency has been performed in order to compare it with the experimented values
issued from C-V setup and Noise measurement. Results demonstrate a cut-off frequency at −3 dB
of 300 MHz using Noise measurement for 100 × 100 μm2 photodiode. This result paves the way to
higher frequency for device dimensions up to 20μm. This study offers the possibility to work toward
InGaN-based μ-Photodiodes such as a perspective work. It could be the photodetector/receiver for
the recent InGaN-based μ-LED [20].
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[9] H. Morkoç, Nitride Semieonduetors and Devices. Berlin, Germany: Springer-Verlag, 1999.

[10] S. M. Duffy et al., “Accurate modeling of dual dipole and slot elements used with photomixers for coherent terahertz
output power,” IEEE Trans. Microw. Theory Tech., vol. 49, no. 6 I, pp. 1032–1038, Jun. 2001.

[11] H. Ito et al., “Photonic millimetre-wave emission at 300 GHz using an antenna-integrated uni-travelling-carrier photo-
diode,” Electron. Lett., vol. 38, no. 17. p. 989, 2002.

[12] B. Alshehri et al., “Synthesis of In0.1Ga0.9N/GaN structures grown by MOCVD and MBE for high speed optoelectron-
ics,” MRS Adv., pp. 1–8, 2016.

[13] M. El Besseghi et al., “Frequency response modeling and optimization of a PIN photodiode based on GaN/InGaN
adapted to photodetection at a wavelength of 633 nm,” Mater. Chem. Phys., vol. 162, pp. 525–530, 2015.

[14] J. C. Carrano et al., “Very high-speed metal-semiconductor-metal ultraviolet photodetectors fabricated on GaN,” Appl.
Phys. Lett., vol. 73, no. 17, pp. 2405–2407, 1998.

[15] J. Carrano, T. Li, C. Eiting, R. Dupuis, and J. Campbell, “Very high-speed ultraviolet photodetectors fabricated on GaN,”
J. Electron. Mater., vol. 28, no. 3, pp. 325–333, 1999.

[16] F. K. Yam and Z. Hassan, “InGaN: An overview of the growth kinetics, physical properties and emission mechanisms,”
Superlattices Microstruct., vol. 43, no. 1. pp. 1–23, 2008.

[17] S. Belahsene et al., “Microstructural and electrical investigation of Pd/Au ohmic contact on p-GaN,” J. Vac. Sci. Technol.
B, Nanotechnol. Microelectron. Mater. Process. Meas. Phenom., vol. 33, no. 1, p. 10603, Jan. 2015.

[18] J.-P. Shim, M. Choe, S.-R. Jeon, D. Seo, T. Lee, and D.-S. Lee, “InGaN-Based p–i–n solar cells with graphene
electrodes,” Appl. Phys. Exp., vol. 4, no. 5, p. 52302, May 2011.

[19] J.-P. Gouy, “Etude comparative de la photodiode PIN de la photodiode a avalanche et du photoconducteur sur materiaux
III-V,” Ph.D. dissertation, 1989.

[20] W. Yang et al., “Size-dependent capacitance study on InGaN-based micro-light-emitting diodes,” J. Appl. Phys.,
vol. 116, no. 4, p. 44512, Jul. 2014.

Vol. 9, No. 4, August 2017 6803107



<<
  /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
  /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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 600
  /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

  /CreateJDFFile 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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


