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Long Term Effects of Charge Redistribution in
Cycled Bias Operating MOS Dosimeter

L. Sambuco Salomone, A. Holmes-Siedle, and A. Faigón

Abstract— Techniques based on bias switching during the
irradiation allow to extend the measurement range of
MOS dosimeters. The response of the REM RFT300 RADFET
dosimeter during bias cycled measurements shows a slow shift of
the quasi-steady state threshold voltage value during radiation-
induced charge neutralization. This phenomenon was previously
explained as due to the presence of border traps. In this work,
a recently developed numerical model which included the main
physical processes leading to hole trapping and neutralization
in MOS oxides was used to reproduce this experiment. The
application of the model shows that the slow shift of the quasi-
steady state threshold voltage during neutralization stages is a
consequence of the spatial redistribution of trapped charge within
the oxide. The effect this phenomenon has on MOS dosimetry is
analyzed.

Index Terms— MOSFETs, radiation effects, solid state
detectors.

I. INTRODUCTION

METAL-oxide-semiconductor (MOS) dosimeters are
field effect transistors, generally p-channel type, where

shift in the threshold voltage (Vt ) is used to measure absorbed
dose. When the sensor is exposed to radiation, ionization
occurs within the gate oxide, and holes are likely to be
captured in oxide traps. This positive charge buildup (PCB)
is mainly responsible for the Vt shifts.

One of the main drawbacks of MOS dosimetry is the
limited dose range of the sensors because of the saturation
of the threshold voltage shift. Some techniques were pro-
posed to extend the working life restoring Vt to a prede-
fined value, either by high temperature annealing at 150 °C
for 100 hours [1] or Fowler-Nordheim injection of elec-
trons [2]. The measurement range of the dosimeters can
be extended through the bias controlled cycled measure-
ment (BCCM) technique [3], in which successive cycles
composed of stages of PCB and of radiation-induced charge
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neutralization (RICN) [4], allow to keep the threshold
voltage (Vt ) within a predefined window. It was reported
that BCCM technique also improves temperature-induced error
rejection [5].

Recently, the Fowler-Nordheim injection-based erasing and
the BCCM technique were both successfully applied to com-
mercial REM RFT300 RADFET dosimeters [6]. During suc-
cessive cycles of irradiation with VG = 9 V during PCB and
VG = 0 V during RICN, it was observed that the quasi-steady
state threshold voltage value at the end of RICN stages slowly
shifted towards more negative values as the cycles number
increases. This result was first attributed to the presence of
border traps, i.e. oxide traps close enough to the Si/SiO2
interface to make possible tunneling transitions between them
and the substrate within the time scale of the measurement [7].
However, a careful modeling of these results leads to a simple
and more plausible explanation.

Some heuristic rules were proposed by Fleetwood et al. [8],
to predict the response of the device after switching. In this
work, a recently developed physics-based numerical model [9]
is applied to the above mentioned experimental results. The
model deals with the transient problem by solving iteratively
the Poisson and continuity equations using known numerical
methods. Simulation results provide a physical explanation for
the slow steady state Vt shift during RICN stages based on the
spatial charge redistribution. The effects the simulation results
have on MOS dosimetry are analyzed.

II. PHYSICS-BASED NUMERICAL MODEL

A. Theory

A brief description of the model is provided in this section.
For further details, the reader can consult [9].

When radiation interacts with a MOS device, electron-hole
pairs (ehp) are generated within the oxide. Only a fraction of
them escapes initial recombination. This fractional yield (Y )
is strongly dependent on electric field. For 60Co irradiation,
Dozier expression is used [10].

The carriers escaping initial recombination flow is driven
by the electric field. Field dependent electron mobility is
included in the model through an expression that fits Hughes
experiments [11]. Holes move dispersively, but at room tem-
perature and usual dose levels, the intrinsic hole mobility can
be used [12].

Holes within the oxide can be captured by defects. When
an electron is close to a trapped hole, there is a probability of
neutralization. Both hole capture and neutralization are treated
as proportional to the free carrier density.
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The system of equations to be solved is the following,

dn f

dt
= −d jn

dx
+ Rg − Rnn f pt (1)

dp f

dt
= −d jp

dx
+ Rg − Rc p f (Pt − pt ) (2)

dpt

dt
= Rc p f (Pt − pt) − Rnn f pt (3)

d F

dx
= − q

εox

(
pt + p f − n f

)
(4)

n f and p f are the densities of free electrons and holes,
respectively. pt is the density of trapped holes, Pt is the density
of traps which are considered to be uniformly distributed all
over the oxide. Rc and Rn are the trapping and neutralization
rates, respectively. The generation rate is Rg = g0Y Dr , where
g0 = 8.1 × 1014 cm−3Gy−1 and Dr is the dose rate. x is
referred to the Si/SiO2 interface. F is the electric field, q is
the elementary charge and εox is the SiO2 permitivity (3.9ε0).
The electron ( jn) and hole ( jp) fluxes are described by the
usual drift-diffusion model.

The Vt -shift due to changes in the oxide charge is calculated
using,

�Vt = − q

εox

tox∫

0

pt (tox − x) dx (5)

where tox is the oxide thickness, and free carriers were
neglected due to their much lower concentrations relative to
the trapped charge.

B. Numerical Implementation

For the numerical simulation of equations (1) – (4),
time derivatives were replaced by discretized finite-difference
approximations, using the implicit Euler method. This leads
to a system of nonlinear equations, which was solved using
the full Newton method. In each time step, the iteration ends
when the residual of the nonlinear system is lower than a
chosen accuracy value. To reduce the condition number of
the Jacobian matrix, variables were scaled taking into account
the much different order of magnitude of electron and hole
mobilities.

For the spatial discretization, the symmetric Franceschetti
scheme [13] was implemented to reduce the number of
mesh points without compromising the accuracy (N = 60,
θ = 0.08). Figure 1 shows the mesh, with lines indicating the
limits between regions. In order to reduce the computational
time, an automatic time step control was employed, based on
the local truncation error (LTE).

To avoid numerical instabilities due to the coupling between
Poisson and continuity equations, the Scharfetter-Gummel
expressions were used to describe the electron and hole
fluxes [14]. These expressions were also used at both interfaces
as boundary conditions. This approach ensures a smooth
transition between low and high field conditions, keeping the
correct flux direction for both signs of electric field.

For numerical simulation, capture and neutralization rates
are considered fitting parameters for each applied bias.

Fig. 1. Spatial mesh used for simulations, according to the Franceschetti
scheme with parameters N = 60 and θ = 0.08.

Fig. 2. Experimental (symbols) and simulated (lines) Vt vs. dose curves
for 16 successive cycles of PCB at VG = 9 V and RICN at VG = 0 V on a
virgin device. RC = 10−12 cm−3 during PCB stages and RC = 10−14 cm−3

during RICN stages. RN = 10−9 cm−3 for all the simulation.

III. SIMULATION OF EXPERIMENTAL RESULTS

The REM RFT300 RADFET dosimeters were exposed to a
γ -ray (60Co) source with a high activity. All irradiations were
made at room temperature. The experimental details are in [6].

The following parameters were inputs for the model: The
SiO2 thickness tox = 300 nm, the workfunction of aluminium
gate �Al = 4.2 eV, silicon electron affinity χSi = 4.05 eV.
Resistivity of the phosphorus doped silicon substrate ρSi =
4±1 	cm yields a doping concentration Nd = (1.2 ± 0.3)×
1015 cm−3. Hole trap density is Pt = 3 × 1019 cm−3.

The first experiment comprised sixteen successive cycles,
with a PCB stage with VG = 9 V until Vt reaches -25 V
when bias voltage switches to VG = 0 V and the RICN
stage begins. Vt rises until a maximum or a quasi-steady
value is reached and then switched again. Dose rate was
fixed at 6.1 Gy/s. Figure 2 shows Vt vs. dose curve for this
measurement. A quite fair agreement was obtained with the
numerical model. Capture rate was RC = 10−12 cm−3 during
PCB stages and RC = 10−14 cm−3 during RICN stages,
whereas neutralization rate was RN = 10−9 cm−3 for all the
simulation. The slight inaccuracy in fitting the first cycle was
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Fig. 3. Spatial distribution of trapped holes within the oxide for different
irradiation times (tsim). The curves correspond to the first RICN stage at
VG = 0 V. Bias switch occurs at tsim = 40 s.

attributed to our ignorance about the initial state of the oxide
charge. During PCB stages Vt shifts to more negative values
with an approximately linear response, indicating that for
VG = 9 V saturation occurs at much lower values than −25 V.
When bias switches to VG = 0 V, charge neutralization occurs,
leading to a Vt recovery until the dynamics seems to saturate
and even turn-around. The same pattern is repeated in the
following cycles but the quasi-steady state Vt value at the end
of each RICN stage shifts to more negative voltages. In the
original work, it was hypothesized that this was associated
with the presence of border traps. However, a simpler physical
explanation is provided by the model.

Figure 3 shows the spatial distribution of trapped holes for
different times during the first RICN stage. As shown, there
are two competing processes: holes trapped far away from the
Si/SiO2 interface are neutralized by electrons while more holes
are trapped close to the interface. For short times after bias
switches to VG = 0 V, trapped holes neutralization dominates
the dynamic, while for long times hole trapping dominates.
The origin of this phenomenon is more clear in Fig. 4 when
the band diagram of the MOS structure immediately after the
switch to VG = 0 V is depicted. As evidenced, a potential
well appears within the oxide. Therefore, electrons generated
all over the oxide come to the potential well maximizing
trapped holes neutralization. At the same time, the presence
of the potential well implies that all the holes generated in the
substrate side of the potential well are drifted to the Si/SiO2
interface as occurs during PCB stages. The resulting spatial
redistribution of trapped holes as shown in Fig. 3 gives an
explanation for the Vt turn-around during a RICN stage.

Figure 5 shows the spatial distribution of electron potential
energy within the oxide at the beginning and at the end of
first PCB and RICN stages. As shown, hole trapping during
the PCB stage enhances the electric field close to the Si/SiO2
interface whereas it goes to zero far away from it. As bias is
switched to VG = 0 V, the potential well is formed. During
RICN stage, trapped holes neutralization leads the potential
well to dissapear.

Fig. 4. Band diagram of the MOS structure inmediately after the first bias
switch VG = 9 V → 0 V.

Fig. 5. Spatial distribution of electron potential energy within the oxide at
the beginning and at the end of first PCB and RICN stages.

The phenomenon above described also explains the quasi-
steady state Vt shift, because once sufficient positive charge
was trapped, moderate RICN applied biases leaves the oxide
electric field close to the substrate in PCB condition contribut-
ing thus in both stages to increase the amount of positive
charge trapped close to this interface. Figure 6 shows the
spatial distribution of trapped holes at the end of different
PCB stages, confirming that holes trapped near the substrate
increases with the number of cycles. It is worth to mention
that, as the Vt value at the end of PCB stages in Fig. 6 are
similar, the increase of trapped holes near the Si/SiO2 interface
is compensated by a decrease of trapped holes far away from
this interface, as Fig. 6 clearly shows.

These processes show that the holes trapped near the
Si/SiO2 interface appears as a permanent charge, because the
potential well after the bias switch warrants that they are non
reachable for free electrons, which are drifted away from both
interfaces. To neutralize this positive charge, a sufficiently
high negative voltage should be applied to the gate in order
to prevent the occurrence of the potential well. A simple
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Fig. 6. Spatial distribution of trapped holes within the oxide at the end of
different PCB stages at VG = 9 V. The inset shows in detail the first 30 nm.

Fig. 7. Experimental (symbols) and simulated (lines) �Vt vs. dose curves for
BCCM measurements with different windows between −18 V and −21.5 V.
Bias voltages during PCB and RICN stages were 9 V and −2 V, respectively.

calculation shows that after the first PCB stage, a bias switch
to a voltage lower than VG = −20 V is needed to get a
monotonic potential within the oxide from substrate to gate,
allowing generated electrons to come to the Si/SiO2 interface.

The BCCM technique was simulated on the RADFET
dosimeter with VG = 9 V during PCB stage and VG = −2 V
during RICN stage, and compared with experimental results in
different 0.5 V Vt -windows in the range between Vt = −18 V
and Vt = −21.5 V (Fig. 7). The model is able to reproduce
all the experimental data.

As said in [6], a fairly stable sensitivity during a BCCM
measurement is achieved after the device absorbed a high
dose level. Figure 8 shows the sensitivity as a function of
the Vt value during RICN stages from Fig. 2 for different
accumulated doses. As evidenced, all the curves are shifted to
lower values of sensitivity as dose increases. In addition, the
curves show a linear slope for a wide range of Vt values,
and these slopes seems to be very similar, which implies
that the decrease in the sensitivity could be interpreted as

Fig. 8. Sensitivity as a function of Vt value during RICN stages from Fig. 2
for different accumulated doses.

Fig. 9. Simulated response of a RADFET dosimeter under BCCM from a
virgin condition with the same bias conditions as in Fig. 2 and a window
between Vt = −23 V and Vt = −23.5 V. The first cycles are shown at left,
whereas several cycles after a high accumulated dose are shown at right.

a displacement of the curve towards more negative values
following the evolution of the quasi-steady Vt value. In order
to deepen this issue, the following simulation was performed:
a fresh dosimeter is irradiated with VG = 9 V until the
threshold voltage is within the window from Vt = −23 V
to Vt = −23.5 V where a BCCM measurement is simulated
with the bias conditions (VG = 9 V for PCB and VG = 0 V
for RICN) and the dose level of the experiment of Fig. 2.
It comprised about 600 cycles. Figure 9 shows the results
of this simulation for several cycles at the beginning (left)
and after a high accumulated dose (right). As evidenced, the
cycles at right last longer, mainly because of the increase in
the RICN stages length. The sensitivity for the PCB stages
remains almost constant at SPC B = 83 ± 2 mV/Gy, whereas
SRI C N goes from 66 mV/Gy down to 9 mV/Gy, as shown in
Fig. 10. Also in Fig. 10, the RICN sensitivity at Vt = −23.5 V
for the curve in Fig. 2 is shown, which decreases slower than
that for Fig. 9. This can be explained taking into account
that during the BCCM simulation (Fig. 9), (i) the time the
device is in PCB mode is larger, and (ii) Vt remains in
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Fig. 10. Sensitivity evolution with dose for RICN at Vt = −23.5 V.
Solid curve is from BCCM curve in Fig. 9, whereas circles are from Fig. 2
(thin red line is a guide to the eye).

Fig. 11. Spatial distribution of trapped holes within the oxide at the end
of PCB stages after different accumulated doses for the simulation shown
in Fig. 9.

a window where the RICN sensitivity is maximum. Both
facts accelerate the accumulation of trapped positive charge
close to the Si/SiO2 interface, which leads to the change in
sensitivity. A RICN measurement at VG = 0 V performed
after a higher accumulated dose of 77 kGy shows a sensitivity
SRI C N = 10 mV/Gy [6], consistent with the value predicted
by BCCM simulation for high accumulated doses.

To confirm the physical origin of the sensitivity variation,
Fig. 11 shows the spatial distribution of trapped holes at the
end of different PCB stages. The simulation shows the same
trend observed in Figs. 3 and 6, leading to the conclusion that
the spatial redistribution of trapped holes is the cause of the
sensitivity variation during RICN stages.

IV. DISCUSSION AND CONCLUSIONS

A recently developed physics-based numerical model was
used to simulate the response of REM RFT300 RADFET
dosimeters during irradiations under successive cycles com-
prised of a positive charge buildup (PCB) stage followed

by a radiation-induced charge neutralization (RICN) stage.
The experimentally observed slow quasi-steady state thresh-
old voltage shift after RICN stages was reproduced through
simulations, and this phenomenon was explained as a conse-
quence of trapped charge redistribution within the oxide with
a remainder accumulative positive charge close to the interface
after each RICN stage. For this to occur, hole traps shall
be widely distributed in the oxide, instead of being located
in a narrow region close to the Si/SiO2 interface as usually
mentioned in the literature.

It is worthy to note that the same physical phenomenon was
observed in 70 nm MOS dosimeters [9]. It suggests this could
be a common feature during switched bias irradiations. Related
to this charge redistribution is the formation of a potential well
immediately after switching to RICN condition. This compels
to solve the transient problem instead of using models based
on simple analytic equations [15]–[16], or even considering
steady fluxes as is usually found in simulation conditions
where the transient calculation is unnecessary [17]–[18].

The implications of spatial charge redistribution on
BCCM-based MOS dosimetry were analyzed, showing that
RICN sensitivity could be affected. It was found from the
simulations that the change in sensitivity slows down and
seems to saturate after the device is irradiated at tens of kGy.
A pre-irradiation with a dose of this order of magnitude
would be thus necessary in order to take advantage of the
benefits of the BCCM technique. A similar procedure was
applied in experimental BCCM measurements performed on
different devices [3], in that case justified by the need to
saturate interface states generation. The conclusion seems to
be that both mechanisms which alter the sensitivity of the
BCCM technique on a fresh device, cease with a sufficient
pre-irradiation. More experimental results in these dosimeters
and in other commercial ones are needed to evaluate the actual
impact of charge redistribution on BCCM measurements.

REFERENCES

[1] A. Kelleher, N. McDonell, B. O’Neill, W. Lane, and L. Adams,
“Investigation into the re-use of PMOS dosimeters,” IEEE Trans. Nucl.
Sci., vol. 41, no. 3, pp. 445–451, Jun. 1994.

[2] J. Lipovetzky, E. G. Redin, and A. Faigón, “Electrically erasable
metal–oxide–semiconductor dosimeters,” IEEE Trans. Nucl. Sci.,
vol. 54, no. 4, pp. 1244–1250, Aug. 2007.

[3] A. Faigon, J. Lipovetzky, E. Redin, and G. Krusczenski, “Extension
of the measurement range of MOS dosimeters using radiation induced
charge neutralization,” IEEE Trans. Nucl. Sci., vol. 55, no. 4,
pp. 2141–2147, Aug. 2008.

[4] D. M. Fleetwood, “Radiation-induced charge neutralization and
interface-trap buildup in MOS devices,” J. Appl. Phys., vol. 67, no. 1,
pp. 580–583, 1990.

[5] J. Lipovetzky, E. G. Redin, M. A. G. Inza, S. Carbonetto, and A. Faigón,
“Reducing measurement uncertainties using bias cycled measurement
in MOS dosimetry at different temperatures,” IEEE Trans. Nucl. Sci.,
vol. 57, no. 2, pp. 848–853, Apr. 2010.

[6] J. Lipovetzky, A. Holmes-Siedle, M. Garcia-Inza, S. Carbonetto,
E. Redin, and A. Faigón, “New Fowler-Nordheim injection, charge
neutralization, and gamma tests on the REM RFT300 RADFET
dosimeter,” IEEE Trans. Nucl. Sci., vol. 59, no. 6, pp. 3133–3140,
Dec. 2012.

[7] D. M. Fleetwood, “Border traps’ in MOS devices,” IEEE Trans. Nucl.
Sci., vol. 39, no. 2, pp. 269–271, Apr. 1992.

[8] D. M. Fleetwood, P. S. Winokur, and L. C. Riewe, “Predicting switched-
bias response from steady-state irradiations MOS transistors,” IEEE
Trans. Nucl. Sci., vol. 37, no. 6, pp. 1806–1817, Dec. 1990.



3002 IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 63, NO. 6, DECEMBER 2016

[9] L. S. Salomone, A. Faigón, and E. G. Redin, “Numerical
modeling of MOS dosimeters under switched bias irradiations,”
IEEE Trans. Nucl. Sci., vol. 62, no. 4, pp. 1665–1673,
Aug. 2015.

[10] C. M. Dozier, D. M. Fleetwood, D. B. Brown, and P. S. Winokur,
“An evaluation of low-energy X-ray and cobalt-60 irradiations of MOS
transistors,” IEEE Trans. Nucl. Sci., vol. NS-34, no. 6, pp. 1535–1539,
Dec. 1987.

[11] R. C. Hughes, “Hot electrons in SiO2,” Phys. Rev. Lett., vol. 35, no. 7,
pp. 449–452, 1975.

[12] R. C. Hughes, “Time-resolved hole transport in α-SiO2,” Phys. Rev. B,
vol. 15, no. 4, pp. 2012–2020, 1977.

[13] D. R. Franceschetti and J. R. Macdonald, “Numerical analysis of
electrical response: Statics and dynamics of space-charge regions at
blocking electrodes,” J. Appl. Phys., vol. 50, no. 1, pp. 291–302,
1979.

[14] D. L. Scharfetter and H. K. Gummel, “Large-signal analysis of a silicon
Read diode oscillator,” IEEE Trans. Electron Devices, vol. 16, no. 1,
pp. 64–77, Jan. 1969.

[15] R. B. Klein, N. S. Saks, and Z. Shanfield, “Saturation of radiation-
induced threshold-voltage shifts in thin-oxide MOSFETs at 80 K,” IEEE
Trans. Nucl. Sci., vol. 37, no. 6, pp. 1690–1695, Dec. 1990.

[16] P. Pavan, R. H. Tu, E. R. Minami, G. Lum, P. K. Ko, and C. Hu,
“A complete radiation reliability software simulator,” IEEE Trans. Nucl.
Sci., vol. 41, no. 6, pp. 2619–2630, Dec. 1994.

[17] H. E. Boesch, F. B. McLean, J. M. Benedetto, J. M. McGarrity, and
W. E. Bailey, “Saturation of threshold voltage shift in MOSFET’s at high
total dose,” IEEE Trans. Nucl. Sci., vol. NS-33, no. 6, pp. 1191–1197,
Dec. 1986.

[18] R. J. Krantz, L. W. Aukerman, and T. C. Zietlow, “Applied field and
total dose dependence of trapped charge buildup in MOS devices,” IEEE
Trans. Nucl. Sci., vol. NS-35, no. 6, pp. 1196–1201, Dec. 1987.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /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 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


