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The effects of microvoid defects on the performance of mid-wavelength infra-
red (MWIR) HgCdTe-based diodes were examined. Molecular beam epitaxy
(MBE) was utilized to deposit indium-doped, Hg0.68Cd0.32Te on 2 cm 9 3 cm,
(211)B-oriented, bulk Cd0.96Zn0.04Te substrates. These epilayers generally
exhibited state-of-the-art material properties with a notable exception: high
and nonuniform microvoid defect densities (mid 104 cm�2 to low 106 cm�2).
Diodes were fabricated by ion implantation of arsenic to form planar p–n
junctions. Dark current–voltage (I–V) curves were measured and analyzed as
a function of operating temperature. There was an inverse correlation
between wafer-level microvoid defect density and device operability. On each
wafer, devices with the smallest implants exhibited higher operability than
devices with larger implants. By removal of pad metal and examination of
defects within each implant area, it was found that the presence of one or more
microvoids within the junction usually caused tunneling or other high-current
mechanisms. Diodes free from microvoids exhibited diffusion-limited behavior
down to 150 K, the test set limit.
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INTRODUCTION

A prevalent defect in molecular beam epitaxial
HgCdTe is the microvoid defect. Commonly
observed on (211)B-oriented epilayers, they have
also been observed on other, similar orientations.
They have not been described on (001) or similar
surfaces, where pyramidal hillock defects are the
dominant defect type. Microvoid and similar defects
have been described in several previous studies,1–7

using a variety of distinct terms including void–
hillock complex,5 triangle defects,6 etc. These pre-
vious studies, while using varying terminology and
characterization techniques, seem to describe a sin-
gle class of defects with the following characteristics:

The defect is small, defined approximately by a
lateral extent smaller than the thickness of the
epilayer. It is this characteristic that led to the

name ‘‘microvoid’’ as distinct from the earlier clas-
sified ‘‘void’’ defect.8

The defect is composed of a polycrystalline core
that lies slightly below the surface of the epilayer
and an elevated ridge that runs along [011]. The
structure of the microvoid is again distinct from the
void, which is typically deeper, and may or may not
be filled with polycrystalline material.1,2

Often, but not always, microvoids are associated
with clusters, or nesting of dislocations, as revealed
by decoration etching, whereas void defects are not
typically associated with such clusters.5,7

There is no consensus on the cause of these
defects, with various explanations having been
offered, including Hg-rich growth conditions,1,2

temporal variations in growth conditions,5 and
substrate-originated defects.3,4 This work does not
address the cause of these defects but describes the
effects of these defects on infrared photodiodes fab-
ricated using HgCdTe containing various densities
of such defects.
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The effects of void defects were described in the
early days of MBE development;8 specifically, a void
defect coinciding with a metal contact would result in
a short of the junction and device failure. Only a few
studies on the effects of microvoids on device per-
formance have been published. In both cases, a one-
to-one correlation between microvoid defects and
device performance was difficult to discern. Varesi
et al.6 performed failure analysis of focal-plane
arrays and concluded that about half of microvoids
had deleterious effects. Wijewaurnaursaurya et al.7

classified three distinct types of defects and carried
out failure analysis on individual long-wavelength
infrared (LWIR) detectors using R0A as the primary
figure of merit; this study also concluded that not all
microdefects caused diode failure. The present work
attempts similar failure analysis on MWIR diodes to
study the effects of microvoids on diode performance,
but utilizing a more careful analysis of current–
voltage characteristics, particularly focusing on the
more demanding conditions of low temperature and
high reverse bias.

EXPERIMENTAL PROCEDURES

Hg0.68Cd0.32Te epilayers were deposited on
2 cm 9 3 cm, (211)B-oriented, Cd0.96Zn0.04Te sub-
strates at Night Vision and Electronic Sensors
Directorate (NVESD). These epilayers were char-
acterized by a variety of techniques, including
Fourier-transform infrared (FTIR) transmission,
Hall measurement, Nomarski microscopy, scanning
electron microscopy (SEM), and defect decoration
etching. The outstanding feature of these epilayers
was a high and nonuniform density of microvoid
defects. While the exact cause of the observed
microvoid defects is not known, it is believed they
are due to one of the mechanisms mentioned above
and more fully discussed in Ref. 1.

While three such epilayers were chosen for sub-
sequent device fabrication, detailed analysis of the
device results from two such wafers are presented
herein due to their well-matched cutoff wavelengths
(Table I). Diodes were fabricated using a standard,
double-layer, planar heterostructure (DLPH)
architecture, which employed ion implantation of
arsenic to form planar p–n junctions. Each wafer

was printed with a single process evaluation chip
(PEC), consisting of discrete devices of various sizes
and two focal-plane arrays (FPA), whose format was
640 9 512 on a 15 lm pitch. The PEC diodes that
formed the bulk of this study were 16-lm-, 32-lm-,
64-lm-, and 125-lm-diameter circular implants and
11 lm 9 11 lm square-shaped implants, which
mimicked the FPA device architecture. Based on
PEC device results, one FPA was selected for
hybridization and testing. The devices of the three
PECs were thoroughly characterized, at both Tele-
dyne Imaging Sensors (TIS) and NVESD, with good
agreement between the two test sets. Dark current–
voltage (I–V) curves were measured as a function of
operating temperature (300 K to 77 K). Spectral
response and quantum efficiency (QE) were mea-
sured at TIS. A simple analysis of the PEC results
formed the basis of this work: the correlation of the
prevalence of microvoid defects with device perfor-
mance degradation, primarily evaluated by dark
current density. Diode results from a control sample
with lower microvoid defect density and with simi-
lar cutoff wavelength (grown and processed at TIS)
were used for comparison.

Additionally, the PECs were stripped of their pad
metal in order to ascertain definitively the presence
of microvoids in and around the implant area of
individual diodes and to evaluate the impact of such
microvoids on diode performance. Nomarski micro-
graphs were taken of each implant area, and
microvoids within and near the implant were
counted. In some cases, SEM imagery was used
when discernment of a microvoid was unclear in the
Nomarski micrograph.

RESULTS

Material Characteristics

The wafers chosen for device fabrication were
selected from a set of about 40 growth runs. These
growth runs resulted in epilayers of largely similar
characteristics, which are summarized here. FTIR
transmission data demonstrated good control of
growth rate and x-value. This control has been
enabled by the use of in situ spectroscopic ellips-
ometry. The target, FTIR-determined x-value of
0.325 was routinely met with an accuracy of �0.003.
The typical growth rate determined by FTIR was
�2.5 lm h�1. Hall measurements at 77 K indicated
n-type conduction with carrier concentrations of �2 9
1015 cm�3 and mobilities of �30,000 cm2 V�1 s�1.
Nomarski microscopy revealed microvoid defects as
the prevalent defect. The microvoids were found to
be nonuniformly distributed across a wafer at ele-
vated densities (�104 cm�2 to 106 cm�2). Table I
summarizes microvoid densities measured on the
wafers chosen for subsequent device processing and
on the control sample. The microvoid density that
was measured directly on the processed PEC (near
wafer’s edge) is shown separately from the density
measured in the ‘‘typical best’’ area (generally near

Table I. Material characteristics of processed
wafers

Thickness
(lm)

150-K
Cutoff
(lm)

Microvoid Defect
Density (cm22)

Measured
on PEC

Typical
Best Area

Sample 1 7.8 4.26 2.0 9 105 6 9 104

Sample 2 7.5 4.24 1.5 9 106 4 9 105

Sample 3 7.1 4.50 8.2 9 104 3 9 104

Control 9.8 4.20 6.7 9 103 2 9 103
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wafer’s center). Other typical surface features
revealed by Nomarski microscopy were cross-hatch
patterning, needle defects, and void defects. SEM
images, such as those in Fig. 1, provided details of
the microvoid structure and confirmed observations
from previously published studies1,2 regarding the
geometry and morphology of microvoid defects in
HgTe and HgCdTe. Defect decoration etching was
used to estimate the dislocation density of the epi-
layers. Typically, Nomarski microscopy and occa-
sionally SEM were used to image the resulting
surfaces. Typical etch pit density values
were<5 9 105 cm�2.

Diode Characteristics

Each PEC diode from each wafer was character-
ized by I–V measurements from 300 K to 77 K.
Below �150 K the current measurements were
limited by system capability. At 150 K some diodes
from the high-defect-density samples exhibited dif-
fusion-limited I–V characteristics, comparable to
those of the lower-defect-density, control sample.

This is shown in Fig. 2, which is a plot of I–V taken
at 150 K from a diode from sample 1 and from a
geometrically similar diode from the control sample.
This data demonstrated that very high-performance
diodes could be fabricated from material with high
microvoid defect density; however, high perfor-
mance was not observed in all diodes. Figure 3
shows three, distinct, typically observed I–V plots
taken at 300 K, 250 K, 200 K, and 150 K from
three geometrically similar diodes from sample 1.
Figure 3a shows I–V plots which were diffusion
limited at each temperature. Figure 3b shows I–V
plots characterized by increased current at larger
bias voltage and at lower temperature; these
characteristics indicated a tunneling mechanism.
Figure 3c shows I–V plots with excessive current
below about 200 K and without a strong bias
dependence of the current.

Due to the variability in the diode I–V charac-
teristics, two criteria were utilized to define opera-
ble diodes. The first criterion was that the measured
current must be less than 1 9 10�10 A at 150 K and
50 mV reverse bias. It was found that this simple,
low-current condition need not depend on current
density (implant size), due to the large, lateral,
diffusion lengths of these devices and due to the
relatively limited range of diode sizes examined
herein. The second criterion was that the current
must be diffusion limited down to 150 K; this con-
dition was quantified by comparing the optical
bandgap with the activation energy derived from an
Arrhenius plot of the current density, again at
50 mV reverse bias. Operable diodes were those
that met both, aforementioned criteria. The opera-
bility of each size class of diodes is shown in
Table II, which also shows the operability of all 12
small diodes (16-lm circular and 11 lm 9 11 lm
square) and of all 12 large diodes (32-lm, 64-lm,
and 125-lm circular). The control sample had 100%
diode operability for all diodes under test, consistent
with its lower microvoid density. Samples 1 and 2
both had higher operability for smaller sized diodes
compared with larger sized diodes. Sample 1

Fig. 1. SEM images of typical microvoid defects (a) in normal view
(b) at about 45� from normal.

Fig. 2. I–V curves from two 32-lm circular diodes, one from sam-
ple 1 and the other from the TIS control sample. The I–V charac-
teristics are essentially indistinguishable.
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had higher operability in each size class of diodes
compared with sample 2. The operability data
summarized in Table II may be qualitatively and
plausibly explained by assuming that randomly
distributed microvoids, residing within or near the
implant area, can cause inoperable diodes, as de-
fined above. Given this assumption, operability
monotonically increases (decreases) with decreasing
(increasing) implant area (microvoid density). These
general trends are supported by the data of Table II.

The failure analysis, which followed metal pad
stripping, further elucidated the impact of microv-
oids on diode performance. Each diode was exam-
ined by Nomarski microscopy for the presence or
absence of microvoids. This allowed direct corre-
lation of microvoids with I–V characteristics.
Nomarski images of three similarly sized diodes are
shown in Fig. 4. While the implant area could be
discerned in the micrographs, a dashed line circle,
coinciding with the implant area, has been added to
the images of Fig. 4 for additional clarity; solid line
circles surround microvoids. The image in Fig. 4a
shows a diode with no microvoids within the
implant area, Fig. 4b shows one microvoid within
the implant, and Fig. 4c shows several microvoids
within the implant.

Each diode represented in Table II was examined
for the presence of microvoids within the implant to
determine their impact on the I–V characteristics.
Inoperable diodes were generally characterized by
the presence of one or more microvoids within the
implant area. Only one inoperable diode, a 64-lm
circular implant from sample 1, had no apparent
microvoids within its implant; this device exhibited
a linear (resistor-like) I–V characteristic. On the
other hand, it was found that several operable
diodes contained microvoids within the implant
area. Table III lists the operable diodes that had at
least one microvoid within the implant and the
deviation of those diodes’ I–V characteristics from
the control. On only two diodes was no deviation
observed; in other words, the presence of a micro-
void within the implant area did not measurably
impact the I–V characteristics. Some diodes showed
slightly higher current relative to the control and

Fig. 3. I–V curves from three characteristic diodes from sample 1:
(a) diffusion-limited behavior down to 150 K, (b) tunneling current
mechanism evident at low temperature and high bias voltage, and (c)
high current at all bias voltages.

Table II. Diode operability

Area (1026 cm2) Diode (#)

Sample (Microvoid Density, cm22)

Control (6 3 103) Sample 1 (2 3 105) Sample 2 (1.5 3 106)
Operability (%) Operability (%) Operability (%)

1.21 15S (8) 100 100 38
2.01 16C (4) 100 100 25
Small diodes Total 100 100 33
8.04 32C (4) 100 75 50
31.2 64C (4) 100 50 0
123 125C (4) 100 50 0
Large diodes Total 100 58 17
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relative to other diodes of the same size class.
The most common impact on the I–V characteristics
of microvoid-containing diodes was tunneling.
Tunneling was not observed on any diodes that had
zero microvoids within the implant.

Focal-Plane Array Characteristics

The fabricated FPA, with antireflection coating,
was tested using a standard configuration and pro-
cedure at �140 K. Its median radiometric charac-
teristics were comparable to those of FPAs
fabricated from material grown at TIS. The QE was
high (mean �83%) and uniform (standard deviation/
mean �2.8%). The dark current (ID) measured on
the FPA (mean �1.2 9 10�7 A cm–2) was consistent
with the PEC data and historical TIS data. The

mean noise equivalent temperature difference
(NEDT) was found to be �48 mK. The operability,
arbitrarily defined by the fraction of pixels with
parameter values between 0.5 and 29 the mean
parameter value, was 99.4%, 99.2%, and 97.6% for
ID, NEDT, and QE, respectively. The operability
definition was more stringent for QE (essentially
QE > 41.5%), which could explain the discrepancy
in its operability values compared with ID and
NEDT. The FPA was fabricated from an area on the
wafer with a microvoid density of �6 9 104 cm�2,
which would have led to an expected operability of
�93% if every microvoid within an implant area
caused an inoperable pixel. The measured opera-
bilities suggested that between 10% and 30% of
microvoid defects caused inoperable pixels. This
result was broadly consistent with previous studies
and the analysis of PEC diodes above. Figure 5
shows I–V at 150 K for two PEC diodes: one diode
without microvoids and one diode with a single

Fig. 4. Nomarski imagery of PEC diode implants after metal strip-
ping with (a) zero, (b) one, and (c) ten microvoids (solid circles)
within the 32-lm-diameter implant area (dashed circle).

Table III. Impact of microvoids in implant area on
I-V characteristics of individual diodes deemed
operable

Operable
Diodes

Microvoids
in Implant Sample 1

15S 1 No impact
16C 1 Slightly higher current
32C 1 Tunneling
32C 1 Slightly higher current
64C 2 Tunneling
125C 4 Tunneling

Sample 2

15S 1 No impact
15S 1 Tunneling
15S 1 Slightly higher current
16C 1 Tunneling
32C 8 Tunneling
32C 10 Tunneling

Fig. 5. I–V curves of diffusion-limited and tunneling-current-domi-
nated diodes. The vertical line at -50 mV demonstrates that, under
FPA operating conditions, diodes are virtually indistinguishable.
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microvoid. The diode with a single microvoid shows
tunneling at higher reverse bias, which was found
to be the most common trait of diodes containing a
microvoid. This difference between two such diodes
would not be detectable within the context of FPA
operation, where reverse bias was lower than where
tunneling was typically observed.

CONCLUSIONS

Diffusion-limited, MWIR, photodiode perfor-
mance was measured on devices fabricated from
MBE Hg0.68Cd0.32Te epilayers, deposited on
Cd0.96Zn0.04Te (211)B substrates at NVESD. These
epilayers were characterized by an unusually high
density and a nonuniform distribution of microvoid
defects. The effects of these defects on diode per-
formance (I–V) were studied by a simple analysis
and by a more thorough failure analysis. No simple
correlation was found between the presence of
microvoid defects within the implant area and the
effect on diode I–V characteristics. However, certain
trends were established. Diffusion-limited diodes
were generally free of microvoids. The presence of
microvoids within the implant area generally led to
higher currents in reverse bias. Occasionally these
higher currents were observed at all bias values, but

more typically tunneling currents were observed at
higher values of bias (>0.3 V). Tunneling currents
were observed to be the most common current
mechanism associated with microvoids; therefore,
FPAs operating at small reverse bias are somewhat
tolerant to the presence of microvoid defects with
respect to dark current operability.

REFERENCES

1. E. Selvig, C.R. Tonheim, T. Lorentzen, K.O. Kongshaug, T.
Skauli, and R. Haakenaasen, J. Electron. Mater. 37, 1444
(2008).

2. E. Selvig, C.R. Tonheim, K.O. Kongshaug, T. Skauli, T.
Lorentzen, and R. Haakenaasen, J. Vac. Sci. Technol. B 25,
1776 (2007).

3. E.C. Piquette, M. Zandian, D.D. Edwall, and J.M. Arias, J.
Electron. Mater. 30, 627 (2001).

4. F. Aqariden, H.D. Shih, A.M. Turner, and P.K. Liao, J.
Electron. Mater. 30, 794 (2001).

5. D. Chandra, F. Aqariden, J. Frazier, S. Gutzler, T. Orent,
and H.D. Shih, J. Electron. Mater. 29, 887 (2000).

6. J.B. Varesi, A.A. Buell, J.M. Peterson, R.E. Bornfreund,
M.F. Vilela, W.A. Radford, and S.M. Johnson, J. Electron.
Mater. 32, 661 (2003).

7. P.S. Wijewarnasuriya, M. Zandian, D.B. Young, J. Waldrop,
D.D. Edwall, W.V. McLevige, D. Lee, J. Arias, and A.I.
D’Souza, J. Electron. Mater. 28, 649 (1999).

8. J.M. Arias, M. Zandian, J. Bajaj, J.G. Pasko, L.O. Bubulac,
S.H. Shin, and R.E. DeWames, J. Electron. Mater. 24, 521
(1995).

Billman, Almeida, Smith, Arias, Chen, Lee, and Piquette1698


	The Effects of Microvoid Defects on MWIR HgCdTe-Based Diodes
	Abstract
	Introduction
	Experimental Procedures
	Results
	Material Characteristics
	Diode Characteristics
	Focal-Plane Array Characteristics

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


