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Abstract— In this paper, we study the low-frequency
noise in the Ge nanowire (NW) nMOSFETs with sub-100-nm
channel length. The low-frequency noise with 1/f character-
istics is proved to origin from the carriers’ mobility fluc-
tuation. The dependences of low-frequency noise on NW
geometry, channel length, equivalent oxide thickness (EOT),
and channel doping concentration are examined by evaluat-
ing the Hooge parameters. It is shown that the low-frequency
noise declines when the channel length of Ge NW nMOS-
FETs scales down, which is attributed to the electrons’ near
ballistic transport. The electrons suffer more scatterings in
the channels beneath the side walls of NWs or in the highly
doped channels. The gate-oxide optimization is strongly
demanded with the scaling down of EOT. Ultrascaled Ge
NW nMOSFETs promise the enhancement of on-state per-
formance and the suppression of low-frequency noise
simultaneously.

Index Terms— Ge nanowire (NW) nMOSFETs, Hooge
parameter, low-frequency noise, mobility fluctuation,
scattering.

I. INTRODUCTION

AS WE continuously scale down the MOSFETs’ gate
length following Moore’s law, several new technologies

are introduced in main stream Si CMOS, such as the high-
k/metal gate, multigate structure, as well as the high-mobility
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channel in order to maintain the enhancement in the device
performance [1]–[5]. Ge has high and balanced electron and
hole mobility [6], [7] with demonstrated n- and p-MOSFETs
on Ge substrate [8], [9]. Also, Ge has silicon compatible
process, relatively stable performance, and capability for strain
engineering [9]–[12]. Thus, Ge may have the best chance
among the high mobility materials in the aggressively scaled
technology nodes. Advanced gate stacks with scaled equiv-
alent oxide thickness (EOT) and superior MOS interfaces
are still needed to develop Ge CMOS manufacturing tech-
nology with high reliability, because the formation of suffi-
ciently good high-k/Ge interface in Ge MOSFETs is a critical
issue [11], [13]. However, when the device’s dimensions scale
down to sub-100 nm, it is increasingly hard to directly measure
the interface and oxide properties. The C–V method cannot be
applied in these devices because the intrinsic capacitance is too
small and the parallel capacitance is prominent. The substrate
is needed during the conventional charge pumping test and
it cannot be applied to gate-all-around nanowire (NW) FETs.
Therefore, the low-frequency noise can be used as an alternate
probe to characterize and optimize these advanced devices
because the noise measurement can be done regardless of the
small gate capacitance or the float-body channel [14]–[16].
Meanwhile, the low-frequency noise has also serious impacts
in scaled nonvolatile memories and logic circuits [17], [18].
Several groups have studied low-frequency noise of long-
channel Ge MOSFETs [19], [20]. Recently, we have reported
the first observation of random telegraph noise (RTN) in Ge
NW nMOSFETs [21]. However, quantitative analysis on the
origin of low-frequency noise and associate scattering process
is still lack.

On the other hand, understanding the low-frequency noise of
Ge MOSFETs is also important for low-noise radio frequency/
analog applications. In the real practice, accurate low-
frequency noise model is very relevant for CMOS circuit
designers and the semiconductor manufacturers in order to
reduce the noise figure in Ge CMOS circuits. The compre-
hensive study on the mechanisms of low-frequency noise in
ultrascaled Ge MOSFETs is demanded.

This paper extends the previous conference reports [21]
by comprehensively studying the low-frequency noise in the
Ge NW nMOSFETs with sub-100-nm-channel length (Lch).

0018-9383 © 2018 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

https://orcid.org/0000-0002-3289-8877
https://orcid.org/0000-0003-0397-7741
https://orcid.org/0000-0001-8466-9745


2574 IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 65, NO. 6, JUNE 2018

Fig. 1. Schematic of the Ge NW nMOSFETs. The AM and IM nMOSFETs
with various key geometry parameters were prepared.

We have made a conclusive inquiry of the origin of the low-
frequency noise. The low-frequency noise and associate Hooge
parameters are studied in devices with various NW geometries,
channel lengths, channel doping concentration, and EOTs. The
electrons’ scattering process in the channel is also examined.

II. EXPERIMENT

The Ge NW nMOSFETs were fabricated on the Ge-on-
insulator substrate with 180-nm Ge(100) layer and 400-nm
SiO2 on Si(100) handle wafer from Soitec. The fabrica-
tion process is the same as reported in [5]. The recessed
source/drain (S/D) method via a SF6-based inductively
coupled-plasma dry etching is adopted to optimize the contact
by reducing the Schottky barrier width and realize both heavily
doped S/D and lightly doped channel. Fig. 1 illustrates the
schematic of the Ge NW nMOSFETs. Both accumulation-
mode (AM) nMOSFETs and inversion-mode (IM) nMOSFETs
with various key geometry parameters were fabricated (Fig. 1).
Devices with NW width (WNW) of 10, 20, and 40 nm, NW
height (HNW) of 7 and 10 nm, Lch of 40, 50, 60, and 80 nm,
as well as EOT of 2 and 5 nm are prepared and used for the
low-frequency noise characteristics. The 1-nm Al2O3 was first
deposited by atomic layer deposition and then a postdeposition
oxidation was performed in pure O2 ambient to grow GeOx
passivating layer, resulting in the EOT of 2 nm. Then devices
with 5-nm EOT were prepared by depositing additional 8-nm
Al2O3. Each device has seven NWs. The channel width (Wch)
is calculated from Wch = (2 · HNW + WNW) × (number
of wires). AM NW nMOSFETs with n-doped channel were
measured unless otherwise specified. The IM nMOSFETs with
undoped channel was also examined to evaluate the impact of
channel doping. All the low-frequency noise measurement of
drain current (Id ) was done by the Keysight B1500A with
B1530A waveform generator/fast measurement unit under
room temperature at a drain voltage (Vds) of 50 mV.

Fig. 2. (a) Transfer characteristics of a 40-nm Lch NW nMOSFET.
(b) SId of two devices, having the same device dimensions, with and
without RTNs at Vgs of 0.35 V.

III. RESULTS AND DISCUSSION

Fig. 2(a) shows the transfer characteristics of an NW
nMOSFET with 40-nm Lch and 2-nm EOT. Subthreshold slope
of 98 mV/dec is achieved at Vds of 0.05 V, and the amount
of drain-induced barrier lowering is 106 mV/V, indicating
that the device was well fabricated. Because the electrons
in the inversion channel populate very close to the interface,
the electrons’ transportation is largely affected by the scatter-
ing centers (traps, dopants, surface roughness, etc.) near the
interface. The low-frequency noise may origin from the carrier
number fluctuation or the carrier mobility fluctuation in the
conventional theory. According to Hooge’s carrier mobility
fluctuation model [22], [23], the drain current noise can be
given by the empirical formula

SId

I 2
d

= αH

f Ninv
= qαH

f Wch Lch Qinv
(1)

where SId is the power spectrum density (PSD) of Id , f is
the frequency, q is the elementary charge, αH is the Hooge
parameter, Ninv is the number of conducting carriers in the
inversion layer, and Qinv is the charge density of inversion
layer. Using Id = Wch/Lch · μeff · Vds · Qinv and (1), we have
the following relationship:

SId

I 2
d

= qαHμeff Vds

f L2
ch Id

(2)

where μeff is the carriers’ effective mobility.
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Fig. 3. (a) Normalized SId and (gm/Id)2 versus Id of devices with 1/f
low-frequency noise at 10 Hz. (b) SId/I

2
d versus 1/Id at 10 Hz and the

linear fit. The Hooge parameter is 2.59 × 10−3.

Typical 1/ f characteristics are observed in the devices
without RTN signal at a given gate voltage (Vgs), while
the devices with RTN signal have the Lorentzian spectrum
with 1/ f 2 characteristics [Fig. 2(b)]. The low-frequency noise
results obtained in devices without RTN are used in the
following discussion. The PSD of Id is noisy when the
frequency is high, while the PSD of Id in low-frequency
region is better [Fig. 2(b)]. The PSD of Id at a frequency
of 10 Hz is obtained. Fig. 3(a) shows the normalized SId
(SId/I 2

d ) and (gm/Id )2 as a function of Id at 10 Hz, where
gm is the gate transconductance. The clear 1/Id dependence
of SId/I 2

d agrees well with the mobility fluctuation model
in (2). The SId/I 2

d is not linearly correlated with (gm/Id)2.
In the carrier number fluctuation model with correlated mobil-
ity fluctuations (CNF-CMF) [23], [24], SId/I 2

d starts from
the plateau in the weak inversion region and then decrease
as I−2

d in the strong inversion region. When the correlated
mobility fluctuations are taken into consideration, a significant
deviation from the I−2

d dependence could be observed in the
strong inversion region. The results in Fig. 3(a) have covered
the region from weak inversion to strong inversion. Neither
the plateau at weak inversion nor the deviation at strong
inversion is observed as described by the CNF-CMF model.
The low-frequency noise in the Ge NW nMOSFETs follows
the Hooge mobility fluctuation model. According to (2),

Fig. 4. SId/I
2
d normalized by L2

ch versus Id of devices with different
values of Lch at 10 Hz. Normalized SId/I

2
d decreases with the scaling

down of Lch.

Fig. 5. Box plot of the Hooge parameters of devices with a channel length
from 40 to 80 nm. The Hooge parameter decreases with the scaling down
of Lch.

αH can be obtained by linear fit with the knowledge of
effective mobility, as shown in Fig. 3(b). We have measured
the effective mobility of planar Ge MOSFETs with the same
gate-stack but larger gate area [25]. Also, according to the
transconductance of devices with various EOTs and devices’
dimensions[5], the variation of effective mobility is very small
compared with that of the slope of the SId/I 2

d ∼ 1/Id curves.
The constant electron mobility of 200 cm−2/V·s is assumed to
extract the Hooge parameters in this paper, since it is extremely
hard to precisely extract the carriers’ effective mobility in the
ultrascaled Ge NW MOSFETs. The Hooge parameter of Ge
NW MOSFETs used in this paper is higher compared with
the state-of-art Si device and similar to the value of high-k
HfO2/Si devices. The typical value of the Hooge parameter
in Si device ranging from 10−3 to 10−6, depending on the
substrate quality, device structure, and fabrication process. The
suppression of the Hooge parameter and low-frequency noise
in Ge NW nMOSFETs is highly desired.

In the frame of the conventional carrier mobility fluctuation
model, SId/I 2

d increases with the scaling down of channel



2576 IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 65, NO. 6, JUNE 2018

Fig. 6. Hooge parameters in Ge NW nMOSFETs with (a) WNW
of 10, 20, 30, and 40 nm and (b) HNW of 7 and 10 nm.

length and SId/I 2
d normalized by L2

ch shall be independent
of channel length as shown in (2). However, the normalized
SId/I 2

d × L2
ch in the Ge NW nMOSFETs decreases when

Lch scales down from 80 to 40 nm (Fig. 4). The Hooge
parameters are extracted by linear fit in order to give a
deep insight on anomalous decline of low-frequency noise in
ultrascaled Ge NW nMOSFETs. Fig. 5 shows the box plot of
Hooge parameters as a function of the channel length. It is
clearly shown that the Hooge parameter decreases with the
scaling down of channel length. The Hooge parameter reflects
the mobility fluctuations induced by the electrons’ scattering
processes during the transportation in the channel. Assum-
ing the phonon scattering, Coulomb scattering and surface-
roughness scattering are independent; the mobility fluctuation
noise induced by each scattering process can be represented
by (2), separately. The Hooge parameters reflect the strength
of each scattering. Thus, we can have [22]

αH =
∑

j

μ2
eff

μ2
j

αH, j (3)

where j represents specific scattering process, including
phonon scattering, Coulomb scattering, and surface-roughness
scattering. The reduced Hooge parameter indicates the attenua-
tion in scattering when the electrons traveling through the short
channel. The Hooge parameter of devices with 40-nm Lch is
only one third of those with 80-nm Lch. This is attributed to the
near-ballistic transport of electrons because of the electrons’
long mean-free path in Ge. The decreasing low-frequency
noise in shorter channel devices was also observed in highly
scaled InGaAs MOSFETs [26]. The Hooge parameter results
provide a direct evidence for the near ballistic transport
in ultrascaled Ge nMOSFETs. It also shows that the low-
frequency noise declines when the Lch decreases in the highly
scaled Ge nMOSFETs, which is a unique advantage for the
application in the scaled low-noise integrated circuit.

Since the Hooge parameter could represent the carriers’
scattering process, it is sensitive to the substrate quality, gate-
stack properties and substrate doping concentration. The dry
etching process used in the formation of Ge NW causes
damage in the NW side walls. Thus, electrons beneath the

Fig. 7. Hooge parameters in Ge NW nMOSFETs with (a) EOT of
5 and 2 nm and (b) AM Ge NW nMOSFETs and IM Ge NW nMOSFETs.

side wall suffer severer scatterings. Fig. 6 illustrates the
Hooge parameter dependence on NW width and height. The
Hooge parameter decreases when the WNW increases from
10 to 40 nm because of the smaller proportion of NW side
wall contributed to the whole channel. The Hooge parameters
are smaller in devices with HNW of 7 nm because of the
shorter dry etching time and approaching volume inversion
condition for Ge. Furthermore, assuming that the electrons
are evenly distributed in the inversion layer under the side
wall and top wall, the Hooge parameter of electrons beneath
the side wall is about two times larger than that of the top wall
according to the experimental results in Fig. 6(a). The severe
scatterings of electrons caused by the poor side wall quality
not only elevate the low-frequency noise, but also suppresse
the electrons’ mobility. Thus, the dry etching process and side
wall quality shall be carefully optimized.

Fig. 7(a) shows that the Hooge parameters in devices with
smaller EOT are higher. The severer scatterings in devices with
2-nm EOT may arise from the degradation in GeOx interfacial
layer because the Al2O3 capping layer is too thin. Since the
Coulomb scattering is also an important source of mobility
scattering, the Hooge parameters are smaller in IM NW
nMOSFETs because the relative lower channel doping induces
less Coulomb scattering [Fig. 7(b)]. The low-frequency noise
results provide a direct insight on the electrons’ scattering
process in ultrascaled Ge NW devices.

IV. CONCLUSION

We have comprehensively studied low-frequency noise in
highly scaled Ge NW nMOSFETs with various NW geome-
tries, channel lengths, EOTs, and channel doping. The low-
frequency noise arises from the carrier mobility fluctuation and
it declines in devices with shorter channels. This anomalous
dependence is ascribed to the electrons’ near ballistic transport.
The electrons’ scattering process is examined by evaluating the
Hooge parameters. The NW side wall and gate-oxide optimiza-
tion is required for the scattering suppression and mobility
enhancement. In the perspective of device performance, the
ultrascaled Ge NW nMOSFETs promise the enhancement of
ON-state performance and the suppression of low-frequency
noise simultaneously.



WU et al.: MOBILITY FLUCTUATION-INDUCED LOW-FREQUENCY NOISE 2577

ACKNOWLEDGMENT

This work was carried out at Purdue University,
West Lafayette, IN, USA, and Southeast University, Nanjing,
China.

REFERENCES

[1] H. Iwai, “Roadmap for 22 nm and beyond (Invited Paper),” Micro-
electron. Eng., vol. 86, pp. 1520–1528, Jul./Sep. 2009, doi: 10.1016/
j.mee.2009.03.129.

[2] S. Takagi et al., “Carrier-transport-enhanced channel CMOS for
improved power consumption and performance,” IEEE Trans. Elec-
tron Devices, vol. 55, no. 1, pp. 21–39, Jan. 2008, doi: 10.1109/
TED.2007.911034.

[3] J. A. Del Alamo, “Nanometre-scale electronics with III–V com-
pound semiconductors,” Nature, vol. 479, pp. 317–323, Nov. 2011,
doi: 10.1038/nature10677.

[4] I. Ferain, C. A. Colinge, and J.-P. Colinge, “Multigate transistors as the
future of classical metal–oxide–semiconductor field-effect transistors,”
Nature, vol. 479, pp. 310–316, Nov. 2011, doi: 10.1038/nature10676.

[5] H. Wu, W. Wu, M. Si, and P. D. Ye, “First demonstration of Ge nanowire
CMOS circuits: Lowest SS of 64 mV/dec, highest gmax of 1057 μS/μm
in Ge nFETs and highest maximum voltage gain of 54 V/V in Ge
CMOS inverters,” in IEDM Tech. Dig., Dec. 2015, pp. 2.1.1–2.1.4, doi:
10.1109/IEDM.2015.7409610.

[6] R. Pillarisetty, “Academic and industry research progress in ger-
manium nanodevices,” Nature, vol. 479, pp. 324–328, Nov. 2011,
doi: 10.1038/nature10678.

[7] A. Toriumi, “Recent progress of germanium MOSFETs,” in Proc.
IMFEDK, May 2012, pp. 1–2, doi: 10.1109/IMFEDK.2012.6218562.

[8] H. Wu, N. Conrad, W. Luo, and P. D. Ye, “First experimental demon-
stration of Ge CMOS circuits,” in IEDM Tech. Dig., Dec. 2014,
pp. 9.3.1–9.3.4, doi: 10.1109/IEDM.2014.7047016.

[9] R. Zhang, P.-C. Huang, J.-C. Lin, M. Takenaka, and S. Takagi,
“Physical mechanism determining Ge p- and n-MOSFETs mobil-
ity in high Ns region and mobility improvement by atomically flat
GeOx/Ge interfaces,” in IEDM Tech. Dig., Dec. 2012, pp. 16.1.1–16.1.4,
doi: 10.1109/IEDM.2012.6479051.

[10] S. Gupta et al., “GeSn technology: Extending the Ge electron-
ics roadmap,” in IEDM Tech. Dig., Dec. 2011, pp. 16.6.1–16.6.4,
doi: 10.1109/IEDM.2011.6131568.

[11] C. H. Lee, T. Nishimura, T. Tabata, K. Nagashio, K. Kita, and
A. Toriumi, “Variation of surface roughness on Ge substrate by cleaning
in deionized water and its influence on electrical properties in Ge
metal–oxide–semiconductor field-effect transistors,” Jpn. J. Appl. Phys.,
vol. 51, p. 104203, Oct. 2012, doi: 10.1143/JJAP.51.104203.

[12] W. Wu, X. Li, J. Sun, R. Zhang, Y. Shi, and Y. Zhao, “Compari-
son of different scattering mechanisms in the Ge (111), (110), and
(100) inversion layers of nMOSFETs with Si nMOSFETs under high
normal electric fields,” IEEE Trans. Electron Devices, vol. 62, no. 4,
pp. 1136–1142, Apr. 2015, doi: 10.1109/TED.2015.2398733.

[13] R. Zhang, N. Taoka, P.-C. Huang, M. Takenaka, and S. Takagi, “1-nm-
thick EOT high mobility Ge n- and p-MOSFETs with ultrathin GeOx/Ge
MOS interfaces fabricated by plasma post oxidation,” in IEDM Tech.
Dig., Dec. 2011, pp. 28.3.1–28.3.4, doi: 10.1109/IEDM.2011.6131630.

[14] T. Grasser et al., “Switching oxide traps as the missing link between neg-
ative bias temperature instability and random telegraph noise,” in IEDM
Tech. Dig., Dec. 2009, pp. 1–4, doi: 10.1109/IEDM.2009.5424235.

[15] E. R. Hsieh et al., “The experimental demonstration of the BTI-
induced breakdown path in 28nm high-k metal gate technology
CMOS devices,” in Proc. Symp. VLSI Technol., Jun. 2014, pp. 1–2,
doi: 10.1109/VLSIT.2014.6894389.

[16] T. Nagumo, K. Takeuchi, T. Hase, and Y. Hayashi, “Statistical char-
acterization of trap position, energy, amplitude and time constants by
RTN measurement of multiple individual traps,” in IEDM Tech. Dig.,
Dec. 2010, pp. 28.3.1–28.3.4, doi: 10.1109/IEDM.2010.5703437.

[17] M.-L. Fan, V. P.-H. Hu, Y.-N. Chen, P. Su, and C.-T. Chuang, “Analysis
of single-trap-induced random telegraph noise on FinFET devices, 6T
SRAM cell, and logic circuits,” IEEE Trans. Electron Devices, vol. 59,
no. 8, pp. 2227–2234, Aug. 2012, doi: 10.1109/TED.2012.2200686.

[18] J. Zou et al., “Deep understanding of AC RTN in MuGFETs through
new characterization method and impacts on logic circuits,” in Proc.
Symp. VLSI Technol., Jun. 2013, pp. T186–T187.

[19] E. Simoen, B. Kaczer, M. Toledano-Luque, and C. Claeys, “Random
telegraph noise: from a device physicist’s dream to a designer’s night-
mare,” Microelectron. Technol. Devices, vol. 39, no. 1, pp. 3–15, 2011,
doi: 10.1149/1.3615171.

[20] E. Simoen et al., “Low-frequency noise characterization of strained
germanium pMOSFETs,” IEEE Trans. Electron Devices, vol. 58, no. 9,
pp. 3132–3139, Sep. 2011, doi: 10.1109/TED.2011.2160679.

[21] W. Wu, H. Wu, M. Si, N. Conrad, Y. Zhao, and P. D. Ye, “RTN
and low frequency noise on ultra-scaled near-ballistic Ge nanowire
nMOSFETs,” in Proc. Symp. VLSI Technol., Jun. 2016, pp. 1–2,
doi: 10.1109/VLSIT.2016.7573421.

[22] F. N. Hooge, “1/f noise sources,” IEEE Trans. Electron Devices, vol. 41,
no. 11, pp. 1926–1935, Nov. 1994, doi: 10.1109/16.333808.

[23] G. Ghibaudo, O. Roux, C. Nguyen-Duc, F. Balestra, and J. Brini,
“Improved analysis of low frequency noise in field-effect MOS tran-
sistors,” Phys. Status Solidi A, vol. 124, no. 2, pp. 571–581, 1991, doi:
10.1002/pssa.2211240225.

[24] G. Ghibaudo, O. Roux-dit-Buisson, and J. Brini, “Impact of scal-
ing down on low frequency noise in silicon MOS transistors,”
Phys. Status Solidi A, vol. 132, no. 2, pp. 501–507, Aug. 1992,
doi: 10.1002/pssa.2211320226.

[25] W. Wu, H. Wu, J. Zhang, M. Si, Y. Zhao, and P. D. Ye, “Carrier mobility
enhancement by applying back-gate bias in Ge-on-insulator MOSFETs,”
IEEE Electron Device Lett., vol. 39, no. 2, pp. 176–179, Feb. 2018,
doi: 10.1109/LED.2017.2787023.

[26] M. Si et al., “Low-frequency noise and random telegraph noise on
near-ballistic III-V MOSFETs,” IEEE Trans. Electron Devices, vol. 62,
no. 11, pp. 3508–3515, Nov. 2015, doi: 10.1109/TED.2015.2433921.

Authors’ photographs and biographies not available at the time of
publication.

http://dx.doi.org/10.1038/nature10677
http://dx.doi.org/10.1038/nature10676
http://dx.doi.org/10.1109/IEDM.2015.7409610
http://dx.doi.org/10.1038/nature10678
http://dx.doi.org/10.1109/IMFEDK.2012.6218562
http://dx.doi.org/10.1109/IEDM.2014.7047016
http://dx.doi.org/10.1109/IEDM.2012.6479051
http://dx.doi.org/10.1109/IEDM.2011.6131568
http://dx.doi.org/10.1143/JJAP.51.104203
http://dx.doi.org/10.1109/TED.2015.2398733
http://dx.doi.org/10.1109/IEDM.2011.6131630
http://dx.doi.org/10.1109/IEDM.2009.5424235
http://dx.doi.org/10.1109/VLSIT.2014.6894389
http://dx.doi.org/10.1109/IEDM.2010.5703437
http://dx.doi.org/10.1109/TED.2012.2200686
http://dx.doi.org/10.1149/1.3615171
http://dx.doi.org/10.1109/TED.2011.2160679
http://dx.doi.org/10.1109/VLSIT.2016.7573421
http://dx.doi.org/10.1109/16.333808
http://dx.doi.org/10.1002/pssa.2211240225
http://dx.doi.org/10.1002/pssa.2211320226
http://dx.doi.org/10.1109/LED.2017.2787023
http://dx.doi.org/10.1109/TED.2015.2433921
http://dx.doi.org/10.1016/j.mee.2009.03.129
http://dx.doi.org/10.1016/j.mee.2009.03.129
http://dx.doi.org/10.1109/TED.2007.911034
http://dx.doi.org/10.1109/TED.2007.911034


<<
  /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
  /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

  /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 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


