54

Recent Results Concerning the Influence of
Hydrogen on the Bias Temperature Instability

Gregor Pobegen and Michael Nelhiebel

KAI — Kompetenzzentrum fiir Automobil- und Industrieelektronik

Europastrasse 8, 9500, Villach, Austria
Email: gregor.pobegen@k-ai.at

Abstract—Alongside the intensive debate concerning the influ-
ence of hydrogen on NBTI we present several details which have
received little or no attention in the past. We show experimental
evidence that hydrogen does not only passivate interface traps but
also positive oxide charges or border traps. Besides passivation,
hydrogen increases the overall drift capability of a device
under NBTS, thereby increasing the sum of both precursors
and activated defects. Furthermore hydrogen passivation has a
positive effect on PBTI, presumably through the passivation of
pre-existing oxide traps.

I. INTRODUCTION

Recent scientific progress identified switching oxide traps
as the main contributors to the negative bias temperature
instability (NBTI) [1, 2]. The temperature and time dependent
recovery of these oxide traps following a switch of the gate
bias from stress level back to the Vry allows for very detailed
and elaborate analysis of those defects [3]. As we understand
more and more about the behavior of the oxide traps we loose
the connection to the creation of interface traps (namely P,
centers) through the dissociation of silicon—hydrogen (Si—-H)
bonds.

The precise role of hydrogen (H) in the NBTI experiences
an intensive debate. Some groups attribute the diffusion of H
away from the interface during stress as the limiting process
which leads to the well-known power law-like degradation
behavior of NBTI [4, 5]. Other groups argue that H may get
trapped in charged oxide traps and leads to fixed positive oxide
charges and interface traps [6, 7].

In this study the influence of H on N- and PBTI is studied
by comparing virgin characteristics and stress experiments on
devices with different H concentrations at the silicon—silicon
dioxide (Si-SiOs) interface.

II. EXPERIMENTAL DETAILS

We use 100 pm x 6 um width times length p- and nMOS-
FETs with either 30 nm or 3.7nm SiO, gate oxides. Through-
out our study we observed consistent results independent
of the actual gate oxide thickness. We performed a split
experiment on a number of wafers where we varied the
thickness of the titanium—titanium nitride (Ti—TiN) barrier in
the metallization stack. Titanium is known to gather H, thereby
decreasing H diffusion from upper metal stacks toward the
gate oxide [8]. We have verified with time of flight secondary
ion mass spectroscopy (TOF-SIMS) and charge-pumping (CP)

978-1-4673-2752-7/12/$31.00 ©2012 IEEE

Tibor Grasser
Institute for Microelectronics
Vienna University of Technology
GuBhausstrasse 27-29, 1040 Vienna, Austria

140
120
< 100
£
o
-
£ 80
(@]
60
23nm SiO
40 -
30°Cc pMOSFET
20 1 1 1 1 1 1 1 1 1 1
-12 -1 -08 -0.6 -0.4 -0.2 0 02 04 06 08 1
V IV]
Figure 1. Comparison of MOSFET CV measurements of n- and pMOSFETs

on two wafers with more H at the interface (thin Ti-TiN) and less H at the
interface (thick Ti—TiN). H reduces positive charge (=1 x 10'° cm~2), both
at the Vg as well as at the Vgg for the pMOSFET and at the Vg of the
nMOSFET. The reduction is smaller at Vgg of the pMOSFET because of
the passivation of amphotheric traps (the P, center), which are negatively
charged when the Fermi level is close to the Si conduction band edge. For
the nMOSFET at the Vg the number of interface traps exceeds the number
of positive charges which results in net negative charge. Nevertheless also for
the nMOSFET positive charges are passivated with H.

measurements that the Ti—-TiN barrier thickness changes the
passivation degree of the Si—SiOs interface of the device [9].
In particular a thinner Ti—TiN barrier leads to an accumulation
of H near the Si—SiO, interface in TOF-SIMS and reduces the
density of interface traps measured by charge pumping.

III. RESULTS AND DISCUSSION

Fig. 1 shows a comparison of the MOSFET capacitance—
voltage (CV) characteristics of virgin devices with thick Ti—
TiN layer (less H) against thin Ti-TiN layer (more H).
The more H CV characteristics are slightly shifted toward
positive infinity over most of the voltage range, except for
the nMOSFET around the threshold voltage (Vry). The shift
towards positive infinity through passivation with H can be
interpreted as creation of negative charge or loss of positive
charge. To identify which of those two options is appropriate
we have to add information from literature.

Ab-initio calculations have shown that the positive charge
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state HT is the only stable state of H in SiO5 [10]. If interstitial
H accounts for the difference in the CV characteristics of Fig. 1
the more H CV characteristic would need to be shifted toward
negative infinity, which is the opposite of our experimental
result. We therefore rule out interstitially incorporated H near
the interface and conclude that all H resides in atomic bindings
with other atoms of the solid.

Hydrogen can in principal form a bond with boron (B)
doping atoms in the bulk of the Si [11]. This passivates the B
acceptor which leads to a decreased doping concentration [11].
A decrease of the doping level decreases the value of the mini-
mal capacitance in a CV measurement. We did not observe any
significant decrease of the minimal capacitance of the nMOS
CV curve in Fig. 1. We also performed NBTI experiments on
devices with and without a surface B implantation of about
1 x 10 cm~2 ionized atoms (not shown) and did not observe
any differences. We consequently discard the idea that our
results are due an interaction of H with doping atoms in Si.

One rather common approach to understand the differences
in the virgin CV curves for devices with more or less H at
the interface is based on the amphoteric nature of interface
traps. We know that H passivates silicon dangling bonds at
the Si—SiOs interface (P, centers, interface traps) [4, 7]. These
traps are amphoteric, meaning that they are charged positively
when the Fermi level is close to the silicon valence band edge
and charged negatively when the Fermi level is close to the
conduction band edge [12]. If H would passivate only ampho-
teric P, centers we would expect positive charge passivation
at negative gate voltages and negative charge passivation at
positive gate voltages (assuming Vg (FE;) =~ 0V). Since we
observe positive charge passivation for a large voltage range
we have to conclude that not only amphoteric traps, but also
positive charges are passivated through H. Such an effect
has already been reported in literature [13, 14]. The actual
direction of the shift depends then on the relative quantity of
the passivated defects. We therefore suggest that for the nMOS
in Fig. 1 the number of passivated amphoteric traps is larger
than the number of passivated positive traps.

In order to analyze the electrical properties of the passi-
vated defects, we performed CP measurements with varying
frequency f on the two differently passivated devices as
depicted in Fig. 2. The device with more H at the interface
has a smaller CP current (Icp) than the device with less H,
consistent with earlier results [9]. By analyzing the number
of charges pumped per cycle Ncp = Icp/(qfA), which is
independent of f for ideal interface traps [15], we observe
a strong increase of Icp with decreasing f for the device
with less H at the interface. As opposed to SRH-like interface
defects, the frequency dependent increase of the CP current is
commonly attributed to the charging and discharging of border
traps during the high- and low-time of the CP pulse. The result
of Fig. 2 therefore shows that the increased H passivation
reduces not only the number of interface traps but also the
number of border traps.
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Figure 2. In a frequency dependent charge-pumping experiment the number

of charges pumped per cycle Ncp is supposed to stay constant over f if
considering interface traps only. Usually, an increase of Ncp with decreasing
frequency is observed due to border traps with larger time constants. The
characteristics are subtracted with the Icp value at 1IMHz to account for
the large difference in virgin interface trap density of the devices (less
H: Dir ~1 x 101%cm=2eV—1!, more H: Dit ~1 x 10%cm~2eV~1). We
observe a large number of border traps on the devices with less H at the
interface. This is interpreted in that way that H can also passivate border
traps, not only interface states.
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Figure 3.  We performed an ultra-low frequency drift experiment where we
repeated 1ks of stress and 10ks of recovery 19 times (90.9 uHz) without
bringing the device a single time into accumulation. We define an estimate
for the permanent component as P = AVry(tree = 10ks) and an estimate
for the recoverable component as R = AVyy(tree = 1.5 ms) — P arbitrarily
based on the defect emission time constants [16, 17]. The experiment reveals
that P (defects with emission time constants 7. >10ks) is strongly influenced
by H, while R (defects with emission time constants 1.5 ms< 7. <10ks) is
largely unaffected by the H content in the interfacial region. In particular no
large loss in recoverable defects is observed.

IV. NEGATIVE BTI

On the pMOSFETs with more/less H we performed an
ultra-low frequency NBTI test [16] as depicted in Fig. 3.
When we plot the evolution of the recoverable R and the
permanent component P (as defined in the caption of Fig. 3)
over the cumulative stress time we observe consistent with
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earlier results [7, 9], that a better H passivated interface
experiences much more drift in P and that R is independent
of the H budget at the interface. We do not observe a
significant decrease of R for the more H wafer, as might be
expected when considering models which suggest the lock-
in of switching oxide traps [18-20] by the transition of a H
atom from a dissociated Si—-H bond [6, 7]. We remark that a
small decrease of R may be not resolvable considering that
only a fraction of the degradation during NBTS is due to Si—
H dissociation and the lock-in would happen only for another
small fraction of oxide defects. An alternative interpretation of
the H independence of R would be that R and P are totally
uncorrelated, as recently also stated by Ho et. al. [7, 17].

One might expect that the device with more H at the
interface will drift more since it has a larger number of
passivated defects which make up the difference to the device
with less H at the interface. If H transforms existing defects at
the interface to precursors, one single maximum degradation
level (AV™) for both device with more or less H is expected.
The measurement of AV remains unachievable up to date
because of rare observations of a decrease in the power law
coefficient for NBTI [21, 22]. However, an estimate of AV ™
can be given when accelerating the stress with very high stress
temperatures, which was shown to considerably reduce the
time constants of all defects constituting to NBTI [22]. In
Fig. 4 the result of an NBTI test at 400 °C stress temperature
is depicted. The high stress temperature is achieved using the
poly-heater, a polycrystallin, in situ, local heating structure
in the vicinty of the device [23]. The Viy of the device
with more H at the interface exceeds the value of the device
with less H already after one second of stress at 400 °C. The
maximum drift potential of the device with more H at the
interface is much larger compared to the device with less H.
Hydrogen passivation therefore increases the precursor density
for NBTI [8, 9, 14, 24]. The root cause of this effect might
lie in the transition reported by Tsetseris et al. based on
first-principle calculations [25]: If H breaks up at the Si-
SiOs interface to passivate a P, center, the remaining H atom
enters a neighboring Si—Si bond, leading to a H bridge in Si.
The questions why a hydrogen bridge in Si may be activated
through bias temperature stress or if the hydrogen bridge
is formed in the SiO5 and not not in the Si bulk remains
unanswered.

V. PoSITIVE BTI

We perform our PBTI experiments on nMOSFET devices
with an n ™ doped poly-gate in order achieve a stress situation
without any holes on both sides of the gate oxide. Holes
may tunnel from a p*+ doped poly gate toward the Si—SiOo
interface during PBTS and may cause NBTI-like degradation
(creation of donor-like traps) [26, 27], which is undesirable
for a PBTI investigation. PBTI in n*+ gated devices creates
acceptor-like traps in both n- and pMOSFETSs, which are
visible in the AVqy only for the nMOSFET [26].

Fig. 5 shows the impact of the H budget on the PBTT drift
of nMOSFET devices. The H passivation has the opposite
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Figure 4. Change of the threshold voltage (top) and the value of the threshold
voltage itself (bottom) over the duration of an extreme stress at 400 °C for
devices with more or less H at the interface. The top figure shows that
a device with a well passivated interface drifts roughly three times more
compared to a device with a badly passivated interface. The bottom figure
highlights that the drift exceeds the virgin difference in Vry already after
roughly one second of stress. This justifies that the H passivation increases
the total number of available precursor (and thus the maximum possible drift
AVIE) for NBTI [24]. The increase is, however, totally due to defects with
large time constants, namely P.

impact on the PBTI compared to NBTI, as we observe less
degradation after PBTS for devices on the more H wafer.
When we analyze MOS capacitor CV measurements before
and after PBTS for more and less H (c.f. Fig. 6) we find
that PBTS shifts the flat-band voltage Vg toward the work-
function difference value for both groups of wafers. The
theoretical value considering only the work function difference
is not exceeded, which means that H reduces the number of
precursors for PBTI, as in stark contrast to NBTI where the
precursor density is increased. We attribute the decrease in
PBTI to the passivation of border traps with H. We further
argue that we do not create negative charges but passivate
existing positive charges through PTBS (c.f. Fig. 7). Due to
the decrease in the border trap density with H there are less
border traps left which can be neutralized at positive gate bias.

Furthermore, we observe an increase of the CP current
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Figure 5. The H passivation degree decreases PBTI. The better the interface
is passivated, the better the PBTI behavior of the device. We speculate that the
negative charging of a device after PBTI is in fact the loss of positive charges
(transforming from positive to neutral state). If H passivates not only interface
traps but also positive charges, it becomes clear that a well passivated device
can loose less positive charges than a badly passivated device.
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Figure 6. Comparison of CV measurements for nMOSFETSs with more/less
H at the interface before and after PBTS (full characteristics are depicted in

the inset). The unstressed weakly H passivated device has a large number of

positive charges and therefore a CV characteristic which resides more towards
negative infinity. Those charges may be either be neutralized by H passivation
(characteristic of the virgin device with more H) or through PBTS. In both
cases we experience roughly the same CV characteristic, with a flat-band
voltage very close to the theoretical Vgg when considering only the work
function difference.

through PBTS [26]. This can be consistently explained with a
defect model with 4 different states as depicted in Fig. 8 [1].
PTBS would favor the defects to transfer from the positive
stable to the neutral metastable state. In the neutral metastable
state charge exchange with the substrate may proceed easily
which gives rise to a CP current.

VI. CONCLUSIONS

By varying the thickness of Ti-TiN layers during the back
end of line processing, we changed the H budget at the Si-
SiO4 interface of n- and pMOSFETs. We found that H also
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Figure 7. Band diagram of an nMOSFET at thermal equilibrium without any
voltage applied to the gate and during positive bias temperature stress. The
PBTS fills the positive charge (empty circles) above the equilibrium Fermi
level with an electron, which effectively neutralizes the defect (filled circles).
The neutralization of the positive charges acts as an apparent negative charge
increase for the device.
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Figure 8. Four state defect model for the switching oxide traps for
NBTI after [1]. PBTS increases the charge-pumping current of both n- and
PMOSFETS [26] (not shown). This can be consistently explained if we assume
that PBTS brings the border traps from the state 2 to the state 1°. In this state
the trap can easily exchange charge with the substrate which gives rise to an
increased CP current. Recovery is then attributed as the final return of the
defect back to the positive stable state 2.

passivates positive oxide (border) traps and not only interface
traps.

We studied the influence of H on NBTI and found other
indications that H influences mainly the permanent part of
NBTI degradation. By performing a high temperature stress,
we showed that the H passivation increases the overall drift
capability of the device, thus H is creating additional defect
precursors at the interface. For PBTI the influence of the
H budget is the opposite, i.e. less H at the interface leads
to increased PBTI. We attribute this effect to unpassivated
positive border traps which are neutralized during PBTS and
act as apparent negative charge increase.

57



Pobegen, Nelhiebel, & Grasser

58

ACKNOWLEDGMENT

This work was jointly funded by the Austrian Research
Promotion Agency (FFG, Project No. 831163) and the
Carinthian Economic Promotion Fund (KWF, contract KWF-
1521|22741|34186).

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

REFERENCES

T. Grasser, B. Kaczer, W. Goes, H. Reisinger, T.
Aichinger, P. Hehenberger, P.-J. Wagner, F. Schanovsky,
J. Franco, M. Toledano Luque, and M. Nelhiebel, “The
paradigm shift in understanding the bias temperature
instability: From reaction—diffusion to switching oxide
traps”, IEEE Transactions on Electron Devices, vol. 58,
no. 11, pp. 3652-3666, Nov. 2011.

A. A. Boo, D. S. Ang, Z. Q. Teo, and K. C.
Leong, “Correlation between oxide trap generation and
negative-bias temperature instability”, IEEE Electron
Device Letters, vol. 33, no. 4, pp. 486488, 2012.

T. Grasser, H. Reisinger, P.-J. Wagner, and B. Kaczer,
“Time-dependent defect spectroscopy for characteriza-
tion of border traps in metal-oxide-semiconductor tran-
sistors”, Physical Review B, vol. 82, no. 24, p. 245318,
Dec. 2010.

S. Mahapatra, A. E. Islam, S. Deora, V. D. Maheta, K.
Joshi, A. Jain, and M. A. Alam, “A critical re-evaluation
of the usefulness of R-D framework in predicting NBTI
stress and recovery”, in IEEE International Reliability
Physics Symposium, Jun. 2011, pp. 614-623.

M. A. Alam and S. Mahapatra, “A comprehensive
model of pMOS NBTI degradation”, Microelectronics
Reliability, vol. 45, no. 1, pp. 71-81, 2005.

T. Grasser, B. Kaczer, W. Goes, T. Aichinger, P. Hehen-
berger, and M. Nelhiebel, “A two-stage model for nega-
tive bias temperature instability”, in IEEE International
Reliability Physics Symposium, Apr. 2009, pp. 33-44.
V. Huard, “Two independent components modeling for
negative bias temperature instability”, in IEEE Inter-
national Reliability Physics Symposium, May 2010,
pp. 33-42.

T. Pompl, K.-H Allers, R. Schwab, K. Hofmann, and
M. Rochner, “Change of acceleration behavior of time-
dependent dielectric breakdown by the BEOL Process:
Indications for hydrogen induced transition in dominant
degradation mechanism”, in /IEEE International Relia-
bility Physics Symposium, 2005, pp. 388-397.

T. Aichinger, S. Puchner, M. Nelhiebel, T. Grasser,
and H. Hutter, “Impact of hydrogen on recoverable and
permanent damage following negative bias temperature
stress”, in IEEE International Reliability Physics Sym-
posium, 2010, p. 1063.

S. Rashkeev, D. Fleetwood, R. Schrimpf, and S. Pan-
telides, “Defect generation by hydrogen at the Si-SiO2
interface”, Physical Review Letters, p. 165506, 2001.

(11]

[12]

(13]

[14]

[15]

[16]

(17]

(18]

(19]

(20]

(21]

[22]

(23]

Influence of Hon BTI

N. Fukata, S. Fukuda, S. Sato, K. Ishioka, M. Kitajima,
T. Hishita, and K. Murakami, “Formation of hydrogen-
boron complexes in boron-doped silicon treated with
a high concentration of hydrogen atoms”, Physical
Review B, vol. 72, p. 245209, 24 Dec. 2005.

P. M. Lenahan and P. V. Dressendorfer, “Effect of
bias on radiation-induced paramagnetic defects at the
silicon-silicon dioxide interface”, Applied Physics Let-
ters, vol. 41, no. 6, pp. 542-544, 1982.

J. Conley J.F. and P. Lenahan, “Molecular hydrogen, E’
center hole traps and radiation induced interface traps in
MOS devices”, IEEE Transactions on Nuclear Science,
vol. 40, no. 6, pp. 1335-1340, Dec. 1993.

M. Nelhiebel, J. Wissenwasser, T. Detzel, A. Timmerer,
and E. Bertagnolli, “Hydrogen-related influence of the
metallization stack on characteristics and reliability of
a trench gate oxide”, Microelectronics Reliability, vol.
45, no. 9-11, pp. 1355-1359, 2005, Proceedings of the
16th European Symposium on Reliability of Electron
Devices, Failure Physics and Analysis.

G. Groeseneken, H. Maes, N. Beltran, and R. De
Keersmaecker, “A reliable approach to charge-pumping
measurements in MOS transistors”, IEEE Transactions
on Electron Devices, vol. 31, no. 1, pp. 42-53, 1984.
T. Grasser, P. Wagner, H. Reisinger, T. Aichinger,
G. Pobegen, M. Nelhiebel, and B. Kaczer, “Analytic
modeling of the bias temperature instability using cap-
ture/emission time maps”, in IEEE International Elec-
tron Devices Meeting, Dec. 2011, pp. 27.4.1-27.4.4.
T. Ho, D. Ang, A. Boo, Z. Teo, and K. Leong, “Are
interface state generation and positive oxide charge
trapping under negative-bias temperature stressing cor-
related or coupled?”’, IEEE Transactions on Electron
Devices, vol. 59, no. 4, pp. 1013-1022, Apr. 2012.

A. Lelis, J. Boesch H.E., T. Oldham, and F. McLean,
“Reversibility of trapped hole annealing”, IEEE Trans-
actions on Nuclear Science, vol. 35, no. 6, pp. 1186—
1191, Dec. 1988.

A. Lelis, T. Oldham, J. Boesch H.E., and F. McLean,
“The nature of the trapped hole annealing process”,
IEEE Transactions on Nuclear Science, vol. 36, no. 6,
pp. 1808-1815, Dec. 1989.

A. Lelis and T. Oldham, “Time dependence of switching
oxide traps”, IEEE Transactions on Nuclear Science,
vol. 41, no. 6, pp. 1835-1843, Dec. 1994.

V. Huard, M. Denais, and C. Parthasarathy, “NBTI
degradation: From physical mechanisms to modelling”,
Microelectronics Reliability, vol. 46, no. 1, pp. 1-23,
2006.

G. Pobegen, T. Aichinger, M. Nelhiebel, and T. Grasser,
“Understanding temperature acceleration for NBTI”, in
International Electron Device Meeting Technical Di-
gest, Washington, DC, Dec. 2011, pp. 27.3.1-27.3.4.
T. Aichinger, M. Nelhiebel, S. Einspieler, and T.
Grasser, “In situ polyheater — A reliable tool for per-
forming fast and defined temperature switches on chip”,

2012 1IRW FINAL REPORT



Influence of Hon BTI

[24]

[25]

[26]

[27]

IEEE Transactions on Device and Materials Reliability,
vol. 10, pp. 3-8, Mar. 2010.

J. F. Zhang, H. K. Sii, R. Degraeve, and G. Groe-
seneken, “Mechanism for the generation of interface
state precursors”, Journal of Applied Physics, vol. 87,
no. 6, pp. 2967-2977, 2000.

L. Tsetseris and S. T. Pantelides, “Migration, incorpo-
ration and passivation reactions of molecular hydrogen
at the Si-Si02 interface”, Physical Review B, vol. 70,
no. 24, p. 245320, Dec. 2004.

G. Pobegen, T. Aichinger, T. Grasser, and M. Nelhiebel,
“Impact of gate poly doping and oxide thickness on the
N- and PBTI in MOSFETS”, Microelectronics Reliabil-
ity, vol. 51, no. 9-11, pp. 1530-1534, 2011.

M. Toledano-Luque, B. Kaczer, P. J. Roussel, J. Franco,
L. Ragnarsson, T. Grasser, and G. Groeseneken, “Depth
localization of positive charge trapped in silicon oxyni-
tride field effect transistors after positive and negative
gate bias temperature stress”, Applied Physics Letters,
vol. 98, no. 18, p. 183506, 2011.

2012 1IRW FINAL REPORT

Pobegen, Nelhiebel, & Grasser

59




<<
  /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




