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 Abstract–- The operation of any semiconductor detector depends
on the charges movement created in the material after energy 
deposition. The charge in the bulk semiconductor induces image 
charges on the metal electrodes and therefore the charge 
movement towards the electrodes induces a current in the 
electrodes and external circuit. The details of how quickly and 
how far the bulk charge travels depend on the material 
parameters of mobility (μ) and lifetime (τ), as well as the 
operating electric fields (E). The amount of image charge present 
at any instant of time (for a given amount of bulk charge) depends 
on the position of the bulk charge and the weighting potential of 
the electrode, which depends on the device structure and biasing. 
The design of the detector can therefore have a significant impact 
on its spectral performance. 

  

I. INTRODUCTION 

HE INTEREST on room temperature semiconductor 
detectors with high atomic numbers, like CdTe/CdZnTe, 

for gamma ray imaging in Nuclear Medicine (NM) 
applications has been steadily increasing in the last decade, 
supported by recent advances in crystal growth. Both materials 
have numerous advantages as radiation detectors, but one of 
their most important drawbacks is their poor hole transport. In 
order to reduce this handicap, different structures such as strips 
[2] or pixels [3], have been proposed in order to enhance the 
signal induced by electrons moving close to the anode and 
minimize the contribution of hole transport. 

The primary reason for investigating solid-state detectors 
for NM is the potential for their improved energy resolution 
over scintillators, in order to provide superior Compton scatter 
rejection; for example at 140 keV a value of 3-4 keV (2-3%) 
FWHM would reduce the scatter component of the image 
reconstruction error to a level below that of the photon 
statistics when using 99mTc [4], however a more relaxed 
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constrain of 5% FWHM resolution will be imposed, which is 
still far bellow that achievable with scintillators. Moreover, 
these energy resolution figures enable multi-isotope imaging 
[5], providing the potential to revolutionize functional imaging 
[6]. 

 This work is aimed at determining the optimum 
configuration and material in the energy range that goes from 
x-rays (10-40 keV) to PET imaging (511 keV) of a pixellated 
detector. It is known the optimum configuration to maximize 
the small pixel effect may differ depending on the charge 
carriers transport characteristics and therefore accurate 
simulation is required in order to find the best setup.  

 Moreover, in the case of a multimodality imaging systems, 
additional tradeoffs have to be taken into consideration in 
order to provide the best trade-off within a wide energy 
spectrum and possible competing imaging modality 
requirements.  
 Optimization is based on an ad-hoc 3D simulator that 
extends the approach described in [7] by incorporating a 
simplified Montecarlo (MC) simulator that computes gamma 
energy deposition in the material and integrating a more 
complete noise model to estimate the contribution of the 
different sources of noise for the different scenarios under 
consideration. 
 The present work is organized in three sections, firstly the 
structure of the simulator is described, secondly the scenarios 
simulated will be presented and finally the conclusions are 
given. Results focus on estimating performance parameters 
such as energy resolution, efficiency or intrinsic spatial 
resolution for different detector dimensions and transport 
properties. 

II.MATERIAL AND METHODS

A. “Pseudo-Monte Carlo” simulator 

 The implemented simulator, which extends the pseudo 
Montecarlo (MC) approach described by [7], consists on the 
following seven steps: 

1. Photon interaction: At the gamma energies under 
consideration, there is no pair production and it may be 
assumed that inelastic scattering is the dominant process in the 
upper range of interest while photoelectric absorption plays a 
major role at lower energies. These facts enormously simplify 
the physics of the radiation-matter interaction. 

T
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 The simplified MC simulator provides radiation-matter 
interactions, consisting on a list of Compton depositions and 
possibly a final photoelectric deposition for every gamma. In 
case of Compton interactions, the photon is scattered in a 
direction given by the azimuthal angle φ, the polar angle θ, 
where the former is uniformly distributed between 0 and 2π
while θ follows the Klein-Nishina probability distribution.  

 CdTe and CdZnTe cross section values between 10 keV 
and 1 MeV are taken from photon cross section database of the 
National Institute of Standards and Technology [8].  

 Energy depositions are considered punctual and therefore 
subsequent x-ray and/or Auger electron emissions are 
neglected for the time being in this simplified model. .. 
However, this effect may be of importance in the case of very 
small pixels, as discussed in [9]. 

2. Hole-electron pairs generation: Each gamma interaction 
produces a variable number N of electron-hole pairs. The 
actual number of carriers is function of the deposited energy 
and material properties and follows the Poisson statistics, 
which for large numbers converges to a Gaussian distribution. 

3. Charge Trapping: Each charge carrier either reaches its 
electrode or is trapped at some point along the way. The 
ultimate fate of the carrier depends on the material transport 
properties, detector dimensions and biasing voltage. The 
lifetime th,e of each charge carriers is exponentially distributed 
an depends on the charge carrier average lifetime. 

4. Charge Diffusion: During its lifetime, each charge carrier 
diffuses laterally in the x,y plane while travelling at constant 
speed in the z direction driven by the uniform electric field. 
Considering a uniform electric field is certainly the weakest 
approximation of this work, however greatly simplifies the 
modelling enabling the decoupling between the x,y Brownian 
motion and charge transport in z. 

The diffusion distance dr along the radial axis is function of 
the diffusion constant as follows,  
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Where k is the Boltzmann constant, T is the temperature and q
is the electron charge. 

5. Electrode Charge Induction: Each charge carrier induces a 
charge on the readout anode/cathode which is estimated based 
on Ramo’s theorem. This theorem states that the induced 
charge Q may be computed as the difference between the 
weighting potential as seen by the anode φa and the cathode φc

of the electron/hole pair at its final points. The actual values 
for the weighting potentials are computed based on the 3D 
approximation provided in[10] 

6. Hit Fusion: The energy readout by the system is the sum of 
all the hits belonging to the same gamma. 

7. Noise: Two main noise sources are considered: the detector, 
mainly due to the leakage current, and the electronics, which 
contribute mainly through the low-noise preamplifier and 
feedback resistors. These two noise sources contribute to the 
total Noise Equivalent Charge (NEC) as the sum of different 
white and/or pink parallel and series contributions [11].  

2 2 2
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At the preamplifier, we shall consider the loading 
capacitances, including the detector Cext, the preamplifier input 
capacitance Cin, the shaping constant of the filters τshape, the 
transconductance of the preamplifier transistor gm , the 
feedback resistor value Rp, the preamplifier bias current Idc

and other coloured noise contributions, which are proportional 
to the load and parasitic capacitances. 
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Fig. 1: Integrated simulator flow chart. 
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Where Fs, Fp are the form factor for the readout filters, q is 
the electron charge, K is the Boltzmann constant and T is the 
temperature. 
 This simulator have been  developed with Matlab 7.1 (The 
Mathworks, Natick, MA, USA) and the computation phases 
are arranges following the flow chart shown in Fig. 1. 

III. RESULTS 

Results are divided into two phases. Firstly, the noise model 
given by equation 6 is parameterized according with the 
electronics descriptions provided in [12], which are
summarized in table 2. The NEC1/f proportionality factor is 
computed to account for the fact that in the ASIC pre-amplifier 
noise is dominated by flicker noise. After the inclusion of this 
1/f noise factor K1/f, the model predicts a NEC linear increase 
with the external capacitance Cext of 85e+11 e/pF with τ=10 
us, as shown in Fig. 2, value that very well matches the 
measured electronic noise of 56e+11.6 e/pF and the 
experimental base level noise of 85 eV. 

Fig. 2: Linear fit of the estimated noise level in electrons (rms) for τ=10us. 

The NEC values shown in Fig. 3 have been computed for 
shaping constants between 100 ns a 50 us, external 
capacitances of 2pF,5pF ans 10 pF and a bulk current of 250 
pA/pixel, which is consistent with data published in [13]. For 
the presented scenario, NEC is estimated to be lower than e 
(rms).  

Fig. 3: Estimated NEC for variable shaping constants and detector’s 
capacitance of 2pF,5pF and 10 pF. Detector’s shot noise is plotted in dashed 
line to provide a reference.

Fig. 4: Estimated CdTe pixel spectrum at 140keV for a 4 mm thick detector, 
nominal transport properties and 400 V biasing. 

Pixel performance is simulated for CdTe and CdZnTe, with 
the material properties summarised in Table 1. As an example 
Fig. 4 shows the simulated results for CdTe with different 
aspect ratios and 140 keV incident gammas, where for the 
given transport properties the best resolution is obtained 
around W/L=0.25, as it is shown in Fig. 5. 

Table 1: Main material properties [1] Table 2: Electronics Settings 

 Cd0.9Zn0.1Te CdTe  PreAmp Transconductance Gm (mS) 3.5 

Density (g/cm3) 5.78 5.85  CSA Feedback Resistor Rfp (GΩ) 1 

Resistivity (Ω•cm) 3x10 10 1.5x10 10  CSA Input Capacitance Cint (pF) 2.5 

Electron lifetime (s) 3x10- 6 3x10-6  External Capacitance Cext (pF) 5 

Hole lifetime (s) 10- 6 2x10-6  First Order CRRC shaping FP=FS e2/8=0.92 

Dielectric Constant 10.9 11  Shaping Time τ (μs) 6 

Pair creation energy (eV) 4.64 4.43  ENC e (RMS) <250 

Electron mobility 
(cm2/Vs) 

1000 1100  Dielectric capacitance (pF) 1 

Hole mobility (cm2/Vs) 50–80 100  Dielectric loss factor 10-4

Fano Factor 0.2 0.14   
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Fig. 5: Estimated energy resolution FHWM with CdTe at 140 keV with W/L 
between 0.1 and 1 and nominal (*) transport properties as well as 10% below 
(Δ) and 10% above (∇).  

Fig. 6: Simulated resolution at 25 keV and 511 keV 

Resolution, shown in Fig. 6, is computed as the FWHM
around the photopeak. It is shown that, for the considered 
material properties in Table 1, CdZnTe (o) provides higher 
energy resolution than CdTe (*) at all energies and
thicknesses. These performance figures can still be improved 
with biparametric techniques [14] aimed at compensating the 
lower charge induction efficiency close to the anodes. Figure 
shows that 6% restriction on energy resolution rules out the 
use of CdTe at room temperature, due to the excessive noise 
because of its lower bulk resistivity. However, at high energies 
CdTe performs slightly better than CdZnTe.  

  

IV. CONCLUSIONS AND FUTURE WORK

This work has set up the simulation framework for the 
optimization of a pixellated room temperature detector for a 
multimodality imaging system, with a special focus on the 
accurate modelling of the noise sources, whose parameters are 
adjusted to reproduce experimental measurements with an 
existing readout ASIC provided by other authors. 

Current results show the importance of material properties 
and detector dimensions for an optimum energy resolution. 
The resulting model will be used to estimate pixel energy 
spectrum for CdTe and CdZnTe detectors with resistive 
readout at 4 energies with different thicknesses, pixel ratios 
and transport mobility properties. The goal of these
simulations will be to determine the optimum detector setup 
for a CZT/CdTe-based multimodality scanner. 

REFERENCES

[1] eV Products, "Material Properties," in 
http://www.evproducts.com/material_prop.pdf, 2006. 

[2] L. A. Hamel, et al., "Signal generation in CdZnTe strip detectors", 
IEEE Transactions on Nuclear Science, vol. 43, pp. 1422 - 1426, 
1996. 

[3] P. R. Bennett, et al., "High efficiency pixellated CdTe detector  ", 
Nuclear Instruments and Methods in Physics Research Section A, 
vol. 392, pp. 260-263, 1997. 

[4] P. R. Bennett, et al., "Evaluation of CdTe for use in a prototype 
emission/transmission CT imaging system", IEEE Transactions on 
Nuclear Science, vol. 43, pp. 2225-2229, 1996. 

[5] L. Verger, et al., "New perspectives in gamma-ray imaging with 
CdZnTe/CdTe," at IEEE Nuclear Science Symposium Conference 
Record, vol. 4, pp. 2313 - 2319, 2004. 

[6] J. Patton, et al., "D-SPECT: A new solid state camera for high speed
molecular imaging", Journal of Nuclear Medicine: Meeting 
Abstracts, vol. 47, pp. 189, 2006. 

[7] A. Zumbiehl, et al., "Modelling and 3D optimisation of CdTe pixels 
detector array geometry - Extension to small pixels", Nuclear 
Instruments and Methods in Physics Research Section A, vol. 469, 
pp. 227-239, 2001. 

[8] M. J. Berger, et al., "XCOM: Photon Cross Sections Database. NIST 
Standard Reference Database 8 (XGAM)," vol. 2007. 
http://physics.nist.gov/PhysRefData/Xcom/Text/XCOM.html, 1998. 

[9] K. Iniewski, et al., "Modeling Charge-Sharing Effects in Pixellated 
CZT Detectors," at IEEE Nuclear Science Symposium and Medical 
Imaging Conference, Honolulu, USA), 2007. 

[10] A. Castoldi, et al., "Three-dimensional analytical solution of the 
Laplace equation suitable for semiconductor detector design", IEEE 
Transactions on Nuclear Science, vol. 43, pp. 256 - 265, 1996. 

[11] V. Radeka, "Low-Noise Techniques in Detectors", Annual Review of 
Nuclear and Particle Science, vol. 38, pp. 217-277, 1988. 

[12] D. M. Pettersen, et al., "A readout ASIC for SPECT", IEEE 
Transactions on Nuclear Science, vol. 52, pp. 764 - 771, 2005. 

[13] B. P. F. Dirks, et al., "Leakage current measurements on pixelated 
CdZnTe detectors", Nuclear Instruments and Methods in Physics 
Research Section A, vol. 567, pp. 145-149, 2006. 

[14] L. Verger, et al., "Performance and perspectives of a CdZnTe-based 
gamma camera for medical imaging", IEEE Transactions on Nuclear 
Science, vol. 51, pp. 3111- 3117, 2004. 

2979



<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /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 300
  /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 0.76
    /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 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 0.76
    /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 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

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


