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Abstract—A  2-diode test structure is proposed and
investigated for use with simple /- measurements, giving an
easy-to-process, fast turn-around-time method of comparing
process-dependent  current flows when  developing
ultrashallow/ Schottky junction technologies. Differential diode
current characteristics and collector currents obtained from
lateral transistor operation of the same 2-diode test structure
are used to reliably identify the diode type and variations in
metal-Si interfacial properties, independent of parasitic
leakage currents. The versatility of this method with respect to
diode geometry and substrate doping is verified for the
measurement of junction- and Schottky-like diodes formed by
different chemical-vapor-deposition processes.
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L INTRODUCTION

In the development of semiconductor nanoscale devices,
CMOS or alternatives, creating reliable atomically shallow
diodes and ohmic contacts is of crucial importance [1].
Rather than applying impurity doping of the bulk
semiconductor, interfaces can be structured to produce a
source of charge carriers to create the desired junction
behavior, an example of which is the PureB Si p'n diode
[2]. This diode, created by the interface reaction of a pure
boron (B) layer deposited on Si, is used in the present
investigation along with Schottky diodes made with arsenic
(As) or phosphorus (P) chemical-vapor deposition [3]. With
these devices a more thorough analysis is made of the 2-
diode test structure first presented in [4] as a means of
relating the diode /-V characteristics to a gradual transition
from Schottky-like to p-n junction-like behavior for diodes
made with laser-annealing activation of surface dopants.

The 2-diode structure itself can be fabricated with a
minimum of processing. Only the diodes and a contact to
the substrate, n-type in this case, need to be processed. It is
therefore well-suited for fast-turnaround-time process
development. With only simple measurements it is possible
to determine how significant the electron injection from the
n-substrate into the p-Si/metal-contact region is with respect
to the hole injection from this region into the substrate. In
this paper, it is shown that the versatility of the method is
considerably increased by considering the whole differential
I-V characteristic, particularly with respect to variations in
the diode geometry and substrate doping. Examples are
given demonstrating that the method not only gives
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information on the diode type but also interfacial layers at
the metal/Si interface resulting from variations in the
junction processing can be identified. This method reduces
the immediate need of more expensive and time-consuming
temperature-dependent  measurements  or  destructive
material-analysis techniques.

II.  EXPERIMENTAL PROCEDURES

All diodes were fabricated with or without a B, As or P
pure dopant deposition at 700°C in contact windows to an n-
type Si 2-5 Q-cm 525-pm-thick substrate. In some cases an
n" buried layer was fabricated under the diodes by burying a
high-dose arsenic implantation under a I-um-thick
epitaxially-grown lightly-doped n-type Si layer. The pure-
dopant deposition conditions were chosen to give a
complete coverage of the Si surface. An interconnect layer
of Al/1%Si was sputtered directly after the deposition both
on the front- and backside of the wafer that is the cathode
terminal.

The pure B deposition has already been extensively
studied and is known to form a few-nm deep p'n-like
junction with current flows comparable to a deep diffused
junction [5]. Due to this likeness with respect to the -V
characteristics, the PureB diodes studied here will in the
following also be referred to as p'n diodes. For the 700°C
deposition used here, there is some boron doping of the Si
surface to the solid solubility of 2x10" cm?. This is,
however, not enough to explain the very low saturation
current. Therefore, to explain this and other properties of
these diodes, a new bandgap model was proposed in [6].
The deposited B layer provides a monolayer of acceptors at
the interface which fill with electrons, giving a monolayer
of fixed negative charge. The PureB layer acts like a semi-
insulator accumulating an inversion layer of holes as
illustrated in Fig. 1b.

In Fig. 1 also the band diagrams of conventional Schottky
and ohmic-contacted p'n junctions are shown with solid
lines in Figs. la and lc. In the ideal case with a lightly-
doped n-substrate, the current in the p'n diode is dominated
by the injection of the holes from the p*-region into the n-
substrate (Fig. 1a). In the Schottky diode, the current is
dominated by the thermionic emission of electrons from the
n-substrate into the metal (Fig. lc, solid line). As a result,
these two types of diodes can be discerned by identifying
the type of the dominant current. The deposited As and P
atoms are known to segregate as monolayers on the Si
surface and it was shown in [3] that such layers can reduce
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Fig. 1. Band diagram of a (a) conventional p'n diode, (b) PureB diode, (c)
conventional Schottky diode (solid line) and Schottky diode with a highly-
doped n'-region at the Si surface that is so narrow that the depletion still
extends into the n-region (dashed line) and (d) Schottky diode with a
(tunneling) layer of oxide at the Si surface; all at zero bias.

the effective Schottky barrier height (SBH). It was proposed
that this could be due to the passivation of acceptor-like
states at the Si surface and/or a retarding of the formation of
a native oxide on the Si before metallization. For the P
deposition some doping of the bulk Si is also expected since
the solid solubility is as high as 2x10*° c¢cm? but the
diffusivity is very low so only a few nm of the Si surface
will be doped. Nevertheless, the very high doping would
reduce the depletion width and give a very high electric
field at the surface which would promote tunneling in
addition to thermionic emission thus decreasing the
effective SBH (Fig. lc, dashed line). Without the P or As
segregation, there may be some native oxide present before
the metal sputtering as illustrated by the band diagram in
(Fig. 1d).

III. TEST STRUCTURE DESIGN CONSIDERATIONS

The basic layout of a 2-diode test structure is shown in
Fig. 2. The W is the distance between the emitter and
collector and W is the emitter width. Schematic cross-
sections of the diodes displaying the expected current flows
are shown in Fig. 3 for the 3 biasing methods used here to
study the emitter diode E.

To gain insight in the mechanisms governing the current
flows in the different types of junction we first look at the
ideal case, disregarding defect-induced currents. The
electron and hole currents over a junction can be expressed
as [7]:
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where q is the elementary charge, nio is the intrinsic carrier
concentration, 4 is the diode area, Gp and Ga are the
Gummel numbers of the n- and p-doped regions,
respectively, and k7/q is the thermal voltage. The electron
injection into the anode (here the emitter/collector) region is
governed by the Gummel number Gt of the region. In a
general formulation this can be defined as
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where Waone is the width of the p-type doped region of the
Si, Ne is the active p-type doping concentration, i.e., hole
concentration, Dn(z) is the electron diffusion coefficient in
the p-region as a function of depth z from the Si surface, and
Sk is the surface recombination velocity. The nie(z) is given
by

_AEG(Z)) (5)

nie(2) = nyg exp( KT

where AEG(z) is the bandgap difference with respect to the
c-Si. Likewise, the hole injection into the substrate is
governed by the Gummel number of the substrate, Gsw. In
the simplest 1-D approximation the saturation current can be
written as Isg o¢ 1/Gsub With Gsub = NsubWsub, Wwhere Nsup and
Wsub are the substrate doping and width, respectively [7].

In all cases, for both p*n and Schottky junctions, the hole
injection into the substrate will entirely be governed by the
substrate doping profile if there is no bandgap difference at
the junction to moderate it. Such a case is shown in Fig. 1d
for the case of a thin native, possibly tunneling, oxide on the
Si surface. Bandgap diagrams that plausibly describe this
and the other junction situations described in this paper are
collected in Fig. 1.

When the p*-region becomes so narrow that it
approaches full depletion, the first component in (5) goes to
zero and Ge becomes dominated by the surface
recombination velocity at the metal contact. The resulting
high electron injection dominates the current and becomes
Schottky-like. In this type of junction the current is often
described by an effective SBH, ¢s, with /sg oc e9¢3KT,

A fundamental difference between the electron and hole
current injection is found in the volume of the region into
which they are injected. The emitter region is limited in size
to the designed area of the contact windows, give or take
some variations that may be caused by the actual
processing. Therefore the injected electron current is
proportional to the emitter area. In contrast, the holes
injected into the substrate can spread in all directions into
the substrate [8]. In our case with a low-doped 525-pum-
thick substrate, the perimeter hole current per micrometer
readily becomes much higher than the laterally uniform
current density being vertically injected across the surface



area of the contact. The spreading of the holes will be
attenuated by any hole injection from other diodes being
operated in the vicinity. This effect is described in detail in
[4] and is used here to extract information on the effect of
junction processing on the current flows.

In some of the junctions studied here, a non-ideal current
component is observed. The emitter current can be
expressed as follows:

v
Ie = Jads + JoPe + heak = Iss (6 = 1) + hea (6)

where Ak is the emitter area in which a laterally uniform
current density Ja flows, Pe is the on-mask perimeter, Jp is
the current per micrometer that then accounts for the current
not included in AeJa, and licak i1s the non-ideal current
component.

In Figs. 3c and 3d, only the emitter diode under
investigation is connected and forward biased. In the p™n
diode case, hole injection into the substrate dominates
because electron injection into the emitter is suppressed by a
high Ge. In the Schottky diode case electron injection
dominates. In Fig. 3e and 3f, both the emitter and collector
are connected and biased in forward and the current flow
through the emitter is defined as /e/c. The spreading of the
holes injected from the emitter is limited by the holes
spreading from the collector, making /& > Ig/c. For the p'n
case, dominated by hole injection, Alg/lg, with Alg = [ —
Iric, will be large but for the Schottky case, dominated by
high electron injection, it is expected to be low.

In Fig. 3a and 3b, the emitter and collector are biased as
a lateral bipolar transistor in forward active mode with the
substrate as base so /e = Is + Ic. The Ic is governed by the
effective base Gummel number, Gs, that for ideal pn- and
metal-Si junctions is determined by the distance and integral
doping between the E and C contacts. For the Schottky case,
any interfacial (semi-)isolating layers can also contribute to
suppressing both the hole injection and the -electron
injection from the substrate.

IV. RESULTS AND DISCUSSION
The -V characteristics of an As-deposited Schottky

diode and a p™n diode with Nsub = 10'* ¢cm™ are shown in Fig.

4, along with the extracted A/e. The visible differences
between [k and /e/c are typical for the two types of diodes:
for the p'n diode, the relative current discrepancy, Ale/Ig, is
large in the low current ideally exponential region because
the spreading of the hole current is restricted by the current
flow from the adjacent diode. As the current increases with
voltage, the discrepancy becomes small relative to the /g
because the current increase becomes attenuated by series
resistance. The opposite is true for the Schottky case
because ideally the electron current is proportional to the
diode area, unaffected by the spreading through the
substrate. This spreading is, however, restricted when the
collector is contacted and this increases the effective series
resistance through the substrate. This is seen as an
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increasingly large discrepancy when high current levels are
reached.

Fig. 2. Basic layout of the 2-diode test structure.

lateral bipolar transistor

single diode

parallel diodes

Schottky
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Fig. 3. Schematic cross-section of the 2-diode test structure for 3 different
biasing methods. The expected current flows are indicated by black arrows
for the dominant carrier flows and light grey arrows the other carrier-type
flows. The hole flows are represented by dashed lines and the electron flow
by solid lines. The top row is for p'n-like diodes and the bottom row for
Schottky-like diodes.
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Fig. 4. Ir, Iric and Al as a function of forward voltage for Schottky diode
(in red) and a PureB diode (in black). The substrate doping is 10" cm™.
The schematic gives the dimensions of the measured 2-diode structure; the
emitter is 431 pm long.



A. Substrate Doping Concentration

In Fig. 5 the hole diffusion length L, and lifetime are
shown as a function of n-doping of the substrate [9-10]. For
pn diodes, the hole spreading into the substrate is
determined by the L, [8] and is reduced when increasing the
n-doping level. Therefore, the Ale/Ikis expected to be larger
for low doping levels. Examples of this will be given in the
following sub-section along with a discussion of the
influence of leakage currents.

B. Leakage currents

In Fig. 6 the [-V characteristics are shown for test
structures with and without an n"-layer buried. This layer
increases the Gsub, Which is seen as a significant decrease in
the levels of Ik and /e/c. However, below 0.4 V, the curves
are dominated by a non-ideal current component and all the
currents appear to fall on top of each other. Nevertheless,
the Alk is not significantly affected by either the buried layer
or the leakage current. The former is understandable
because the buried layer is only present in the top couple of
micrometer of the substrate and cannot affect the overall
hole spreading very much. Moreover, despite the leakage
current, the A/ displays an ideality factor of n ~ 1 over the
whole low voltage region before the series resistance
attenuates /e. This can be explained by considering that, in
view of the limited processing, it is to be expected that the
leakage component originates from defects in or near the
depletion region over the emitter junction and not in the
bulk of the substrate into which the hole current spreads.
This leakage is therefore the same whether or not the
collector is connected. By using an emitter area, 4g, that
covers a laterally uniform current-flow region in both
contacting situations, we can write:

qv
Ie = JeAs + JoePs + heax = Isg (7 = 1) + heaic ()

av
Ig)c = JeAg + Jpg) cPe + leak = Isgjic (e” - 1) + Leak
(8

Therefore Ale=Ie-Ir/c follows the ideal I-V characteristic

Qv
Alg = JpeP — JpgjicP = Use — Isg)ic) (ekT - 1) )

This validates that plotting the whole AZg(V) curve is a very
sensitive means of monitoring the hole injection. In contrast,
as listed in Table I, the relative discrepancy Alg/Ie remains
below 1% for voltages below 0.4 V and only becomes a
peak value of 45% at 0.6 V after which the series resistance
inhibits further increase.

Table I also includes Ale/Ik for 3 p'n test structures with
an Naw of either 10'3, 10'7 or 10'® cm™. In this case the Gsuw
increases accordingly, thus decreasing the ideal but also the
non-ideal current component as can be seen in Fig. 7a. Both
effects reduce the sensitivity of Ale/Ie which is only a few
percent when leakage dominates. The Alg(V) curves are
nevertheless near-ideal, even for New = 10'® cm™ for which
the spreading current level is very low and /g is totally
dominated by the leakage current. In Fig. 7b, the
corresponding Gummel plots are shown. The Ic decreases
by decades as the doping, and thus Gs, increases. Leakage
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currents are visible in the /s curves: for the lightest substrate
doping emitter-base leakage increases the low-voltage I
while collector-base leakage is visible below 0.35 V for the
two higher substrate doping levels. Nevertheless, the
ideality factor n is approximately 1 in all cases and is also
not affected by leakage currents.
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Fig. 5. Hole diffusion length and lifetime as a function of n-doping of the
substrate [9-10].
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Fig. 6. Ir, Ir/c and Als as a function of forward voltage for PureB diodes

with (in red) and without (in black) an n* buried layer. The Ngw =10" cm™.
The schematic gives the dimensions of the measured 2-diode structure.

TABLE 1. RELATIVE CURRENT DISCREPANCY FOR THE PUREB
DIODES MEASURED IN FIGS. 6 AND 7, WITH VARIOUS SUBSTRATE DOPING
LEVELS

Al/Ig, [%] for given Ny
Forward Buried No buried n*-layer Dominating
Voltage ut Effect
VI p
ayer
107 107 10"
cm’ cem? | em?
0.2 0.3% 0.1% | 14.3% | 5.6% | leakage current
0.3 0.7% 2.7% | 17.5% | 5.3% | leakage current
0.4 0.8% | 10.3% | 16.9% | 3.7% ideal diode
0.5 28.5% | 23.8% | 16.1% | 1.6% ideal diode
0.6 45.8% | 27.8% | 99% | 1.1% ideal diode
0.7 40.0% | 19.3% | 3.7% | 0.6% | series resistance
0.8 21.5% | 13.0% | 2.0% | 0.3% | series resistance
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Fig. 7: Measurements of PureB diodes with an N of either 10'°, 10'7 or
10" ecm™. (a) Ig, Ieic and Alg as a function of forward voltage, and (b)

Gummel plots. The schematic gives the dimensions of the measured 2-
diode structure.

TABLE IL RELATIVE CURRENT DISCREPENCY FOR PUREB DIODES
WITH DIFFERENT E-C DISTANCES AND GEOMETRIES
Forward Alg/Ig [%] for Different Dominating
Voltage E-C Distances Effect
[V] 2ume | 65 um® | 80 um¢
0.2 1.8% 1.7% 1.0% leakage current
0.3 3.9% 2.7% 1.1% leakage current
0.4 20.7% | 3.1% 1.1% ideal diode
0.5 52.9% | 3.6% 1.2% ideal diode
0.6 70.0% | 7.1% 2.3% ideal diode
0.7 55.0% | 21.2% 7.8% series resistance
0.8 36.3% | 32.3% 12.5% series resistance

a: on-mask emitter area 4x4 um?, collector area 4x2 um’
b: on-mask emitter area 20x20 um?, collector area 50x50 um?
c: on-mask emitter area 20x20 um?, collector area 20x20 um’

C. Test Structure Geometry

Obviously, the Alg will be highest if the emitter and
collector diode are as close as possible to each other. The
limits to this are set by the design rules or the design that
happens to be available. The doping of the substrate also
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Fig. 8: (a) Gummel plots for As-deposited-Schottky and PureB diodes. s
is in red and /c in black. The reverse bias is stepped as 0, 0.5 V and 1 V. (b)
The I, Iric and Alk as a function of forward voltage. The substrate doping
is 10'* cm™ and the schematic gives the dimensions of the measured 2-
diode structure.

sets a limit because for Ws in the range of the depletion
widths, reach-through may occur. In that case the
measurement of the /c could drown in a punch-through
current, an example of which is shown in the Gummel plot
of Fig. 8a. However, as can be seen for the diode /-V
characteristics shown in Fig. 8b, the Ak is not effected by
punch-through.

Measurements on a wafer with New = 10 cm™ with
structures with different s and diode sizes are shown in
Fig. 9. In Table II a number of results are also listed for the
corresponding Alr/le values. As the distance gets larger the
discrepancy loses sensitivity with values around 1% for the
largest distances. The current level of A/e curve decreases in
value but still is a clear witness of the hole injection.

D. Interfacial Layers

Gummel plots for test structures with and without a
surface deposition of either B, As, or P are shown in Fig. 10.
The diode area is 20x1 um? and Ws = 3.5 pm. The Iz is
highest for the P deposition, presumably because the surface
doping with P, which is possible to about 2 x 102 cm™,
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doping is 10"cm™. The schematic gives the dimensions of the measured 2-
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lowers the Schottky barrier height. For the structure without
a deposition to protect the Si surface against native-oxide
formation the /g is 2 decades lower and non-ideal, indicating
that oxide is present at the interface and increases the
effective GE. In contrast to the other structures, the Ic in this
case deviates from the low forward-voltage current level of
the p'n Ic curve. This suggests that the effective Gs is
increased by the presence of oxide at the interface, i.e., there
is no longer a “clean” metal-Si interface.

In contrast to the p™n junctions, the Alg of the Schottky-
like diodes display an n < 1 that decreases as the /g (electron
current) decreases and the attenuation from series resistance
decreases. When /e becomes so low that the series resistance
no longer influences it, the A/r would become a result of the
hole current spreading. However, the /g of the two Schottky
diodes used here is too high for the A/t to become so low
that only the result of hole spreading is visible.
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V. CONCLUSIONS

The 2-diode test structure gives an easy-to-process, fast-
turn-around-time method of comparing the carrier flows
responsible for the /-7 characteristics of ultrashallow/
Schottky junctions. The present results show that the slope
of the AZe — Ve characteristics for pn-like junctions remains
near-ideal in spite of large parasitic leakage-current
components in /g and/or poor device geometry and can
therefore much more reliably identify pn behavior than the
relative current change Ale/[e. For Schottky-like diodes not
only the /e but also the /c can reveal changes in the metal-Si
interfacial properties that may modify both the effective
emitter and base Gummel number.

REFERENCES

[1] R. T. Tung, “The physics and chemistry of the Schottky barrier
height,” Applied Physics Reviews, vol. 1, pp. 011304(1-54), 2014.

[2] L.K. Nanver, L. Qi, et al., “Robust UV/VUV/EUV PureB photodiode
detector technology with high CMOS compatibility,” J. Select. Topics
Quantum Electronics, vol. 20, no.6, pp. 1 _11, Nov. 2014.

[3] Q. W. Ren, W. D. van Noort, L. K. Nanver and J. W. Slotboom,
“Metal/silicon Schottky barrier lowering by RTCVD interface
passivation,” Proc. ECS, 2000(9), pp. 161-166, 2000.

[4] L. Qi, G. Lorito, L. K. Nanver, “Lateral-transistor test structure for
evaluating the effectiveness of surface doping techniques” IEEE

Trans. Semiconductor Manufacturing, vol. 25, no. 4, pp. 581-588,
Nov. 2012.

[5] F. Sarubbi, L. K. Nanver and T. L. M. Scholtes, “High effective
Gummel number of CVD boron layers in ultrashallow p'n diode
configurations,” IEEE Trans. Electron Devices, vol. 57, no. 6, pp.
1269-1278, Jun. 2010.

[6] L.Qi,and L. K. Nanver, “Conductance along the interface formed by
400 °C pure boron deposition on silicon,” IEEE Electron Device
Letters, vol. 36, no.2, pp. 102-104, Dec. 2014.

[71 S. M. Sze and K. K. Ng, Physics of Semiconductor Devices, 3rd
edition, John Wiley & Sons, Inc., USA, 2007.

[8] P.-J. Chen, K. Misiakos, A. Neugroschel, and F. A. Lindholm,
“Analytical solution for two-dimentional current injection from
shallow p-n junctions,” IEEE Trans. Electron Devices, vol. 32, no.
11, pp. 2292-2296, Nov. 1985.

[91 Alamo, J.A., and R. M. Swanson, “Modeling of minority carrier
transport in heavily doped silicon emitters”, Solid-State Electronics
vol. 30, no. 11, pp. 1127-1136, Nov. 1987.

[10] http://www.ioffe.rssi.ru/SVA/NSM/Semicond/Si/electric.html




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


