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Abstract— Contrary to irradiation damage, where the post-
irradiation build-up of degradation is a commonly reported
feature, degradation after BTI stress typically recovers mono-
tonically. However, occasional reports on irregularities during
recovery have been published. We will show here that – consistent
with a gate-sided hydrogen release mechanism – additional
degradation can apparently build-up during recovery also after
BTI stress, which can under certain circumstances even exceed
the post-stress degradation levels. This additional degradation
may invalidate existing lifetime extrapolation methods and must
therefore be carefully understood. Our results demonstrate that
although post-stress degradation build-up is only visible under
certain conditions, it is an essential feature of BTI and thus
provides important clues on its microscopic origin.

I. INTRODUCTION

Characterization of the bias temperature instability (BTI)

is very challenging due to the extremely slow kinetics of the

defects involved. In order to generate appreciable degradation,

accelerated stress conditions are typically used to characterize

BTI. While acceleration at increased temperatures (< 250◦C)

has previously been shown to give results consistent with

non-accelerated conditions [1–4], voltage acceleration above

use-voltages has long been suspected to charge additional

defects which would otherwise not be able to contribute at

use-voltages.

Typically, the recovery of the threshold voltage shift after

BTI stress, ΔVth, follows a monotonic logarithmic time depen-

dence, with recovery starting outside even the fastest experi-

mental resolution (< 1 μs), and basically going on ‘forever’ (>
months) [5]. Occasionally, deviations from this logarithmic re-

covery have been observed: particularly using charge-pumping

measurements, a post-stress degradation build-up of fast states

has been seen [6], an effect particularly strong in H-rich wafers

[7]. Also, for positive bias temperature instability (PBTI) a

significant post-stress degradation has been reported [8]. Our

data suggests that this peculiar behavior is a consequence of

the migration of hydrogen from the gate- towards the channel-

side of the oxide during stress and back during recovery,

activating and deactivating defects along its path [4, 9–15].

We note that this behavior would be consistent with post-

irradiation degradation build-up, which is also conventionally

attributed to the release of hydrogen from the gate side during

irradiation [16].

II. EXPERIMENTAL SETUP

In order to systematically check for a possible post-stress

degradation build-up following negative bias temperature

stress (NBTS), we take our lead from literature and previous

results, where this behavior was observed in charge pumping

(CP) currents and after longer stress times [6, 7]. From this

we conclude that post-stress degradation build-up could be a

feature of the permanent component. To bring out the features

of the slowly evolving permanent component more clearly, we

use higher temperatures up to 200◦C. Such high temperatures

have been frequently used in NBTI characterization and have

otherwise produced results consistent with degradation data

recorded at lower temperatures[1, 2]. Voltage acceleration,

on the other hand, which has been shown to dramatically

enhance the recoverable component, is avoided (unless oth-

erwise noted) by consistently using stress voltages lower than

the operating voltage of each technology (|VG| ≤ |VDD|) [4].

Furthermore, long stress and recovery times (days, weeks, and

months) are used.

We systematically investigate post-stress degradation build-

up using samples from 6 different technologies (5 SiON, 1

SiO2/HfO2), 4 of them commercial, from 3 different manufac-

turers to rule out artifacts related to peculiarities of a single

product. Also, to rule out experimental errors, measurements

were performed in 3 different laboratories, all leading to

fully consistent results. We conduct eMSM measurements [5]

where each relaxation transient was typically followed by 20

full ID/VG sweeps into accumulation (2s for sweeping from

−0.6V to +1V and 2s for sweeping back, everything repeated

10 times). These ID/VG sweeps were conducted to remove

trapped charges from the oxide [1, 4] which are considered

a feature of the recoverable component. Note, however, that

sweeps into the accumulation region of pMOS transistors

results in the injection of electrons into the oxide, which in

turn has been shown to lead to the release of atomic hydrogen

from the gate side [12, 17–20].

III. EXPERIMENTAL RESULTS

The basic observation in this experimental regime is shown

in Fig. 1. As can be seen, already after 1ks of stress at

VG = VDD and 200◦C, following a regular recovery transient

for about 1ks, the recovery starts to turn around. This post-

stress degradation build-up becomes stronger with increasing

stress times, producing a hump of 13mV after 1Ms which only

recovers very slowly (months), even at 200◦C. This hump can

result in degradation larger than what would be seen even with

fast (1 μs) measurements. Also interesting to note is that the

ID/VG sweeps conducted after the first long 100ks recovery

trace and then on a daily basis only initially perturb the

recovery but do not seem to impact the overall recovery trend.
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Fig. 1. NBTI recovery at use-voltages but elevated temperatures and for long
stress and recovery times: Increasingly larger degradation is built up during
recovery (humps) which recovers only very slowly.
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Fig. 2. Typically used voltage acceleration, here −2.5V, leads to charging
of a large number of oxide traps which conceal the humps. Typically used
stress voltages have been up to −3.5V in this technology.

This indicates that the majority of the charges contributing to

the hump are either fix positive traps with time constants too

large to react to the ID/VG sweeps, or that they are due to

interface states which only anneal slowly and independently

of the gate bias. In any case, they are certainly not simply

trapped holes which can be removed by the simple injection

of electrons.

This post-stress degradation may result in serious issues for

lifetime extrapolation. For example, if a device from the same

technology is stressed at VG = −2.5V, which is an average

voltage acceleration (2.2nm SiON, sustains up to −3.5V),

the accumulated ΔVth after ts = 100ks is already considerably

higher than at −1.5V, see Fig. 2. Most importantly, however,

recovery follows its usual logarithmic dependence without any

visible humps. If such voltage-accelerated data is extrapolated

to VDD using a simple power-law model, the impact of the

hump is missed as shown in Fig. 3. For the first time we
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Fig. 3. Extrapolation from voltage accelerated data misses post-stress
degradation build-up. At use-voltages, degradation measured with a 100ks
‘delay’ is higher than what is measured using shorter delays.
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Fig. 4. While there is clearly a strong technology dependence, post-
stress degradation build-up was found in all 5 investigated technologies.
Measurements were taken in 3 different laboratories.

also observe that ΔVth measured with a large delay (100ks,

about 28h), even exceeds the value recorded with a 1ms delay,

leading to a cross-over of the two fit lines.

To demonstrate that we are dealing with an intrinsic feature

of NBTI rather than some strange peculiarity in a particular

technology or even an experimental artifact, we investigated

a number of samples of 3 different manufacturers in 3

different laboratories, see Fig. 4. While there is a strong

process dependence, post-stress degradation clearly occurs in

all technologies, provided the right stress conditions are used,

namely no voltage-acceleration, but long stress and recovery

times at higher T .

Furthermore, to rule out initial drifts of the device which

are otherwise unrelated to NBTI, we repeatedly apply long

stress/relax cycles to the same device using either different

voltages (−1V vs. −1.5V) or different stress and recovery

times (1/2 a day vs. a whole day). As can be seen in Fig. 5,
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the humps are removed by the subsequent stress and reappear

during the next recovery cycle, clearly confirming that they

are an integral part of NBTI degradation and recovery. A

similar experiment is shown in Fig. 4 (Sample E), where

the stress / recovery cycles are repeated five times in a row

on the same device with virtually identical results. Another

indication that the observed humps are not due to the drift

or diffusion of mobile ions is the fact that the hump in the

recovery traces always occurs after about the same recovery

time independently of the stress duration in Fig. 1, while with

increasing stress duration mainly its amplitude is increased.

This would be consistent with a reaction-limited process but

is inconsistent with a diffusion-limited process, for which

one would expect a retarded occurrence of the hump with

increasing stress time [21].
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Fig. 7. The constant current voltage shift extracted from the 20 ID/VG

measurements of Fig. 6 taken after 1s and 1 day of recovery, plotted as a
function of the Fermi-level in the Si bandgap. Post-stress degradation build-up
is dominated by states outside the 100− 300mV range and speculated to be
due to states above midgap [10, 22, 23].

1 10 100 1000 10000
Time  [s]

-30

-20

-10

0
V

F
B
  [

m
V

]
Stress
Relax

2MV/cm
200oC

Fig. 8. Post-stress degradation is also observed in HK MOS capacitors
at 200◦C. Shown is VFB extracted from CV measurements, which keeps
degrading after the end of low-voltage stress (ts = tr = 10ks).

For a first identification of the relevant defects causing the

degradation, recovery was interrupted after 1s to record 20

ID/VG curves, then continued for 1 day to record another set of

20 ID/VG curves. As shown in Fig. 6, the ID/VG measurements

immediately terminate the regular logarithmic recovery via the

removal of trapped oxide charges to unveil the degradation

build-up. It is likely that this build-up of degradation already

starts at the beginning of recovery but is masked by the

recovery of regular oxide traps. The recorded ID/VG curves

are analyzed in Fig. 7, which show the horizontal (constant

current) difference between the recorded ID/VG curves and

the initial reference curve as a function of the Fermi-level

relative to the Si valence band edge EV. The DOS of the

traps within this window corresponds to the slope of ΔV(EF)
and is relatively flat, implying that the traps responsible for
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the shift have their trap-level outside this window (likely

around midgap [10, 22, 23]). After 1 day of recovery, this DOS

remains basically unchanged but the whole curve is shifted to

higher levels, implying that (net) charge has been built up

in positively charged defects. Increase of the stress voltage

mostly increases the regular recovery but does not change

much about this observation.

Next, we investigated the effect using MOS capacitors with

SiO2/HfO2 and SiO2 gate stacks. Degradation is monitored

using the VFB shift from CV measurements [24]. As can

be seen in Fig. 8, when low stress voltages are used, ΔVFB

keeps increasing during recovery. This is consistent with the

ID/VG data and suggests that post-stress degradation is due to

the temporary build-up of positive charge rather than due to

changes of the interface state density. The data in Fig. 9 shows

the relative increase/decrease of ΔVFB for various thicknesses

of the SiO2 layer for both low and high voltage stress.

While high voltage stress results in the expected behavior

(regular recovery of ΔVFB), low voltage stress reveals post-

stress degradation.

IV. DISCUSSION

Given the data at hand, a precise identification of the defects

responsible for the hump is difficult. Regarding the boundary

conditions, the following has to be kept in mind:

• With increasing duration, NBTS creates additional defects

near the channel. These defects can be either interface

states, e.g. Pb or KN centers [25, 26] or slow oxide defects

which either produce RTN noise [5, 27] or additional

discrete recovery steps in small-area devices [4].

• It has been repeatedly shown that during NBTS atomic

hydrogen is liberated at the gate-side of the oxide, which

then moves towards the channel [11, 13–15, 28]. This

highly reactive hydrogen is very likely the cause of the

defects created during NBTS. For example, it could either

create Pb centers from H passivated silicon dangling
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Fig. 10. Post-stress degradation build-up (symbols) can be consistently
explained by the recently formulated gate-sided hydrogen release (HR) model
(lines), including its time (top) and T dependence (bottom). Note that the
long recovery has a strong impact on the subsequent stress phase.

bonds via the reaction Pb–H+H → Pb + H2, or attach

itself to strained bridging oxygen centers [18], thereby

creating a hydroxyl E’ center via the reaction Si–O–Si+
H→ Si• HO–Si.

• While the barrier for releasing atomic hydrogen is rela-

tively large (1.5eV [4, 29]), the released atomic hydrogen

is very reactive and both reactions suggested above will

proceed with very small energetic barriers (0−0.2eV [10,

29]). As a consequence, since the actual diffusion of the

hydrogen from the gate towards the channel is very fast

(10ns at 200◦C, using parameters from [30]), it is clearly

the release of the atomic hydrogen which forms the rate-

limiting step, consistent with previous assumptions [31,

32].

As such, we have to consider two options to explain the origin

of the hump, namely a change in the post-stress oxide charge

distribution or the creation of additional dangling bonds. Both

options will be discussed in the framework of the recently

formulated gate-sided H-release (HR) model [4]. In the current

version of the HR model it is assumed that the permanent

component is dominated by the redistribution of hydrogen

inside the oxide which then becomes charged. The creation of

dangling bonds is in principle consistent with the model but

currently considered to be of minor importance and neglected

for the sake of simplicity. However, this component may be

large enough to explain the formation of the hump.

Scenario A: Post-Stress Change in Charge Distribution

By assuming a narrow hydrogen-related defect band close

the valence band of Si, the development of a hump with

both ts and T can be explained, see Fig. 10. For such a

defect band, humps result from the net difference in positively

charged defects near the channel and the effective negative

charge build-up near the gate due to an increase/decrease in

the number of hydrogen-related defects, see Fig. 11. As the

demarcation line between these two regions moves closer to

the gate with decreasing T (as a consequence of the competing

6A-2.4



Fig. 11. Post-stress degradation build-up in the 2.2nm SiO2 is the net charge
trapped near the gate (annihilated neutral defects, blue, above the demarcation
line x±) and the channel (created and positively charged defects, red, below
x±). The gate-sided defects are annealed first, resulting in the hump.

Fig. 12. As T is reduced below 120◦C, the demarcation line between
the positively and negatively charged regions (x±) moves closer to the gate,
shifting the occurrence of the humps to larger times, but virtually freezing
out the humps for ts < 10 years.

non-radiative multiphonon charge exchange between channel

and gate [33–35]), the hump becomes smaller when T is

decreased. In particular, at T < 120◦C, the humps are shifted

out of the 10 year window, see Fig. 12.

Scenario B: Post-Stress Creation of Interface States

As an alternative explanation, or a process happening in

parallel, the following scenario can be envisaged: during

stress, the creation of interface states is triggered by the slow

release of hydrogen via neutralization of trapped protons at

the gate-side of the oxide. Once released, however, hydrogen

will quickly react with either passivated interface states or

defects inside the oxide, so the post-stress creation of the

hump is unlikely due to “lingering” hydrogen that had already

been released before the stress was terminated. However,

during stress, hydrogen becomes trapped near the channel in

a protonic configuration, which is used in the HR model to

explain the build-up of the “permanent” component. When

the bias is now switched to a recovery condition, these

protons become neutralized and are slowly released again.

Once released, these hydrogens can either go back to the

gate area where they originate from (slow recovery of the

“permanent” component) or depassivate dangling bonds at

the interface, thereby degrading the device and contributing

to the hump. Again, this process would be reaction-limited
via the slow release of the now neutralized protons. Indeed,

the observed temperature dependence of the maximum of

the hump, EA ≈ 1.8eV, is close to the mean energy barrier

estimated for the release of protons in SiO2, EA ≈ 1.7eV [19].

V. CONCLUSIONS

We have investigated post-stress degradation build-up fol-

lowing NBTS. We could show that this effect can be clearly

revealed at higher temperatures and longer stress times, while

the stress voltage has to be kept low in order to minimize

regular charge trapping in the oxide. The recently formulated

H-release model can consistently explain the experimentally

observed humps as either the net difference between positively

and negatively charged defects close to the channel and

gate, the post-stress creation of interface states by neutralized

protons trapped during stress, or a detailed experiments are

required to determine the precise microscopic origin of these

humps. However, extrapolation of the available data to lower

T seems to suggest that the observed irregularities during

recovery are unlikely to interfere with conventional lifetime

extraction methods. Nonetheless, they provide an important

clue towards the microscopic origin of NBTI and must there-

fore be studied more closely.
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and N. Stojadinović, “Negative Bias Temperature Instability in n-
Channel Power VDMOSFETs,” Microelectronics Reliability, vol. 48, pp.
1313–1317, 2008.

[7] T. Grasser, T. Aichinger, G. Pobegen, H. Reisinger, P.-J. Wagner,
J. Franco, M. Nelhiebel, and B. Kaczer, “The ‘Permanent’ Component
of NBTI: Composition and Annealing,” in Proc. Intl.Rel.Phys.Symp.
(IRPS), Apr. 2011, pp. 605–613.

[8] K. Rott, H. Reisinger, S. Aresu, C. Schlünder, K. Kölpin, W. Gustin,
and T. Grasser, “New Insights on the PBTI Phenomena in SiON
pMOSFETs,” Microelectronics Reliability, vol. 52, no. 9–10, pp. 1891–
1894, 2012.

[9] F. McLean, “A Framework for Understanding Radiation-Induced Inter-
face States in SiO2 Structures,” IEEE Trans.Nucl.Sci., vol. 27, no. 6, pp.
1651–1657, Dec 1980.

[10] E. Cartier and J. Stathis, “Atomic Hydrogen-Induced Degradation of
the Si/SiO2 Structure,” Microelectronic Engineering, vol. 28, no. 1-4,
pp. 3–10, 1995.

[11] J. de Nijs, K. Druijf, V. Afanas’ev, E. van der Drift, and P. Balk, “Hy-
drogen Induced Donor-Type Si/SiO2 Interface States,” Appl.Phys.Lett.,
vol. 65, no. 19, pp. 2428–2430, 1994.

[12] E. Cartier, “Characterization of the Hot-Electron-Induced Degradation
in Thin SiO2 Gate Oxides,” Microelectronics Reliability, vol. 38, no. 2,
pp. 201–211, 1998.

[13] V. Afanas’ev and A. Stesmans, “Hydrogen-Induced Valence Alternation
State at SiO2 Interfaces,” Physical Review Letters, vol. 80, pp. 5176–
5179, 6 1998.

[14] M. Nelhiebel, J. Wissenwasser, T. Detzel, A. Timmerer, and E. Bertag-
nolli, “Hydrogen-Related Influence of the Metallization Stack on Char-
acteristics and Reliability of a Trench Gate Oxide,” Microelectronics
Reliability, vol. 45, pp. 1355–1359, 2005.

[15] Z. Liu, S. Fujieda, H. Ishigaki, M. Wilde, and K. Fukutani, “Current
Understanding of the Transport Behavior of Hydrogen Species in MOS
Stacks and Their Relation to Reliability Degradation,” ECS Trans.,
vol. 35, no. 4, pp. 55 – 72, 2011.

[16] D. Brown and N. Saks, “Time Dependence of Radiation-Induced Trap
Formation in Metal-Oxide-Semiconductor Devices as a Function of
Oxide Thickness and Applied Field,” J.Appl.Phys., vol. 70, no. 7, pp.
3734–3747, 1991.

[17] V. Afanas’ev, J. de Nijs, and P. Balk, “Degradation of the Thermal
Oxide of the Si/SiO2/Al System due to Vacuum Ultraviolet Irradiation,”
J.Appl.Phys., vol. 78, no. 1, pp. 6481–6490, 1995.

[18] ——, “SiO2 Hole Traps with Small Cross Section,” Appl.Phys.Lett.,
vol. 66, no. 14, pp. 1738–1740, 1995.

[19] V. Afanas’ev, F. Ciobanu, G. Pensl, and A. Stesmans, “Proton Trapping
in SiO2 Layers Thermally Grown on Si and SiC,” Solid-State Electron.,
vol. 46, pp. 1815–1823, 2002.

[20] J. Zhang, C. Zhao, H. Sii, G. Groeseneken, R. Degraeve, J. Ellis, and
C. Beech, “Relation between Hole Traps and Hydrogenous Species in
Silicon Dioxides,” Solid-State Electron., vol. 46, pp. 1839–1847, 2002.

[21] T. Grasser, K. Rott, H. Reisinger, M. Waltl, F. Schanovsky, and
B. Kaczer, “NBTI in Nanoscale MOSFETs – The Ultimate Modeling
Benchmark,” IEEE Trans.Electron Devices, vol. 61, no. 11, pp. 3586–
3593, 2014.

[22] E. Cartier, J. Stathis, and D. Buchanan, “Passivation and Depassivation
of Silicon Dangling Bonds at the Si(111)/SiO2 Interface by Atomic
Hydrogen,” Appl.Phys.Lett., vol. 63, no. 11, pp. 1510–1512, 1993.

[23] J. Stathis and S. Zafar, “The Negative Bias Temperature Instability in
MOS Devices: A Review,” Microelectronics Reliability, vol. 46, no. 2-4,
pp. 270–286, 2006.

[24] E. Bury, B. Kaczer, H. Arimura, M. T. Luque, L. Ragnarsson, P. Roussel,
A. Veloso, S. Chew, M. Togo, T. Schram, and G. Groeseneken, “Relia-
bility in Gate First and Gate Last Ultra-Thin-EOT Gate Stacks Assessed
with CV-eMSM BTI Characterization,” in Proc. Intl.Rel.Phys.Symp.
(IRPS), 2013, pp. GD.3.1–GD.3.5.

[25] S. Fujieda, Y. Miura, M. Saitoh, Y. Teraoka, and A. Yoshigoe, “Char-
acterization of Interface Defects Related to Negative-Bias Temperature
Instability in Ultrathin Plasma-Nitrided SiON/SiO2 Systems,” Micro-
electronics Reliability, vol. 45, pp. 57–64, 2005.

[26] J. Campbell, P. Lenahan, A. Krishnan, and S. Krishnan, “Observations of
NBTI-Induced Atomic-Scale Defects,” IEEE Trans.Dev.Mat.Rel., vol. 6,
no. 2, pp. 117–122, 2006.

[27] G. Kapila, N. Goyal, V. Maheta, C. Olsen, K. Ahmed, and S. Mahapatra,
“A Comprehensive Study of Flicker Noise in Plasma Nitrided SiON
p-MOSFETs: Process Dependence of Pre-Existing and NBTI Stress
Generated Trap Distribution Profiles,” in Proc. Intl.Electron Devices
Meeting (IEDM), 2008, pp. 103–106.

[28] Y. Higashi, R. Takaishi, K. Kato, M. Suzuki, Y. Nakasaki, M. Tomita,
Y. Mitani, M. Matsumoto, S. Ogura, K. Fukutani, and K. Yamabe,
“Mechanism of Gate Dielectric Degradation by Hydrogen Migration
from the Cathode Interface,” Microelectronics Reliability, vol. 70, pp.
12–21, 2017.

[29] A. El-Sayed, Y. Wimmer, W. Goes, T. Grasser, V. Afanas’ev, and
A. Shluger, “Theoretical Models of Hydrogen-Induced Defects in Amor-
phous Silicon Dioxide,” Physical Review B, vol. 92, no. 11, p. 014107,
2015.

[30] D. Griscom, “Diffusion of Radiolytic Molecular Hydrogen as a Mech-
anism for the Post-Irradiation Buildup of Interface States in SiO2-on-
SiStructures,” J.Appl.Phys., vol. 58, no. 7, pp. 2524–2533, 1985.

[31] M. Reed and J. Plummer, “Chemistry of Si-SiO2 Interface Trap Anneal-
ing,” J.Appl.Phys., vol. 63, no. 12, pp. 5776–5793, 1988.

[32] M. Houssa, V. Afanas’ev, A. Stesmans, M. Aoulaiche, G. Groeseneken,
and M. Heyns, “Insights on the Physical Mechanism behind Nega-
tive Bias Temperature Instabilities,” Appl.Phys.Lett., vol. 90, no. 4, p.
043505, 2007.

[33] K. Huang and A. Rhys, “Theory of Light Absorption and Non-Radiative
Transitions in F-Centres,” Proc.R.Soc.A, vol. 204, pp. 406–423, 1950.

[34] C. Henry and D. Lang, “Nonradiative Capture and Recombination by
Multiphonon Emission in GaAs and GaP,” Physical Review B, vol. 15,
no. 2, pp. 989–1016, 1977.

[35] W. Fowler, J. Rudra, M. Zvanut, and F. Feigl, “Hysteresis and Franck-
Condon Relaxation in Insulator-Semiconductor Tunneling,” Physical
Review B, vol. 41, no. 12, pp. 8313–8317, 1990.

6A-2.6



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


