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ABSTRACT This paper investigates the inversion charge characteristics and quantum-capacitance induced
inversion charge loss for In0.53Ga0.47As negative-capacitance FinFETs (NC-FinFETs) using theoretical
calculation corroborated with numerical simulation. Our study indicates that, the boost of inversion charges
due to negative capacitance increases with increasing remnant polarization Pr. In addition, the inversion-
charge boosting for the In0.53Ga0.47As device is significantly larger than that of the Si (110) device
due to the step-like inversion capacitance characteristic stemming from the 2D density-of-states of the
In0.53Ga0.47As device. In other words, the quantum-capacitance induced inversion-charge loss for III-V
channel can be mitigated in NCFETs.

INDEX TERMS Negative-capacitance FET (NCFET), quantum capacitance, FinFET structure, CMOS,
InGaAs.

I. INTRODUCTION
With the progress of the nano-electronic circuit miniatur-
ization, lowering power consumption becomes the impor-
tant roadblock due to the fundamental thermal limit of
subthreshold swing for CMOS technologies. Negative-
capacitance field-effect transistor (NCFET) [1], especially
NC-FinFET [2]–[5] has been considered as one of the
most promising beyond-CMOS device candidates for future
low-power applications due to its steep slope and simi-
lar current transport mechanism to MOSFET. In addition,
based on IRDS [6], III-V materials such as In0.53Ga0.47As
are considered as attractive channel materials (for nFET)
for future technology nodes due to their high elec-
tron mobility, and the ultra-thin-body InGaAs NCFET
has been reported [7], [8]. However, the quantum capac-
itance stemming from the small electron effective mass
and low density-of-states (DOS) for III-V materials [9]
may reduce the intrinsic inversion capacitance (Cinv)

and the inversion charges (Qinv) which are crucial to
drive current [10]–[13]. How might the negative-capacitance
action affect the Qinv loss for III-V devices has rarely
been known and merits investigation. In this work, using
theoretical calculation corroborated with TCAD numer-
ical simulation, we investigate the impact of negative
capacitance on the Qinv characteristic and the quantum-
capacitance induced Qinv loss for In0.53Ga0.47As and Si (110)
NC-FinFETs.
This paper is organized as follows: In Section II,

we present our methodology for constructing a quan-
tum mechanical model in calculation of the inversion
charge (Qinv) for In0.53Ga0.47As and Si (110) double-
gate NC-FinFETs. By using our calculation together with
TCAD numerical simulation, we investigate the Qinv
characteristics and quantum-capacitance induced Qinv loss
for In0.53Ga0.47As/Si NC-FinFETs in Section III. Finally,
Section V draws the conclusion.
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FIGURE 1. (a) Cross-sectional view of a double-gate NC-FinFET structure
with the gate-dielectric of the baseline FinFET replaced by the
ferroelectric/metal/gate-oxide layer. The doping concentrations of
source/drain and channel (Nch) are 6E19 cm−3 and 1E15 cm−3,
respectively. Abrupt junction is assumed. Lg is channel length. WFin, TFE
and EOT are thicknesses of channel, ferroelectric and equivalent oxide,
respectively. (b) Equivalent capacitance network of the NC-FinFET. The CFE
and Cinv are the ferroelectric capacitance and the inversion capacitance,
respectively.

II. METHODOLOGY
A. QUANTUM CAPACITANCE MODEL
Figure 1 (a) shows a schematic sketch of the double-gate
NC-FinFET structure in this study. To accurately model
the quantum-confinement effect along the fin-width (WFin)
directions, the 2D Schrödinger equation can be expressed as:

− �
2

2mx

∂2

∂x2
ψj(x)+ EC(x)ψj(x) = Ejψj(x) (1)

where j is the principle quantum number for the electron
quantization along the WFin directions, Ej the j-th eigen-
energy, �j the corresponding wave-function and mx the
carrier quantization effective mass along the WFin direction.

To determine the inversion capacitance (Cinv), we calculate
the gate charge of the double-gate FinFET (QG,mos) (i.e., the
internal-gate charge of the NC-FinFET) for each internal-gate
voltage (VG,mos) based on [13] (see the Appendix). The Cinv
can be determined by

Cinv = dQG,mos
dVG,mos

(2)

Figure 2 shows that the normalized Cinv versus VGT,mos
(gate-voltage overdrive of the baseline FinFET) character-
istics calculated by our model are in good agreement with
the TCAD numerical simulation [14] for In0.53Ga0.47As and
Si (110) double-gate FinFETs. It can be seen that the
InGaAs-OI device exhibits lower Cinv than that of the SOI
device. This is due to the quantum capacitance because
the In0.53Ga0.47As channel possesses a smaller quantization
effective mass than that of Si. Fig. 2(a) also shows that the
In0.53Ga0.47As device possesses a step-like Cinv character-
istic. This is a signature of the energy dependence of 2D
DOS [Eqn. (9) in the Appendix].

B. QUANTUM QINV MODEL FOR NC-FINFET
The inversion charge (Qinv) calculation for the NC-FinFET
can be constructed by considering the 1D steady-state
Landau-Khalatnikov (L-K) equation [17] for the voltage

FIGURE 2. Numerically simulated and model-calculated capacitance
matching with Cinv (normalized with the physical oxide capacitance Cox)
versus VGT,mos characteristics with various Pr for (a) In0.53Ga0.47As
and (b) Si (110) double-gate FinFET. A quantization effective mass mx =
0.041m0 [12] is used for the In0.53Ga0.47As channel.

drop across the ferroelectric layer [see Fig. 1(a)]:

VFE = 3
√

3

2
TFEEc

[
−QG,mos

Pr
+

(
QG,mos
Pr

)3
]

(3)

where Ec, Pr, and TFE are the coercive field, remnant
polarization and ferroelectric thickness, respectively. In
Eqn. (3), it is assumed that the internal-gate charge,
QG,mos, is approximately equal to the polarization inside
the ferroelectric layer. For a given VG,mos, QG,mos can
be determined and then the voltage across the ferro-
electric, VFE, can be calculated by Eqn. (3). Therefore,
the corresponding gate voltage of the NC-FinFET can
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be obtained:

VG = VG,mos + VFE (4)

From Eqn. (3) the ferroelectric negative capacitance (CFE =
dQG,mos/dVFE) can be calculated by

1

CFE
= 3

√
3

2
TFEEc

[
− 1

Pr
+ 3Q2

G,mos

P3
r

]
(5)

Fig. 2 shows that the calculated CFE is fairly accurate, which
also verifies the accuracy of QG,mos. The internal-gate charge
QG,mos can be approximated as the inversion charge (Qinv)
under strong inversion. Therefore, the quantum Qinv model
for the NC-FinFET can be constructed.
To obtain the TCAD numerical characteristics of the NC-

FinFETs, we coupled the TCAD simulation [14] with the
post-processed 1D steady–state L-K equation (Eqn. (3)).
During the procedure, the inversion charge density at each
bias point of the baseline FinFET were extracted from the
TCAD simulation, which self-consistently solves coupled
Poisson–Schrödinger equations. The VFE corresponding to
each bias and the inversion charge characteristics of the
NC-FinFET can then be obtained by Eqn. (4).
The internal voltage amplification of the NC-FinFET, AV,

can be expressed as (see Fig. 1(b)):

AV = ∂VG,mos
∂VG

= |CFE|
|CFE| − Cinv

(6)

Eqn. (6) indicates that larger AV can be obtained as |CFE| is
close to the Cinv. In this work, the TFE is optimized under
the constraint of non-hysteresis operation for each Pr (see
Fig. 2).
In this work, based on the IRDS 2019 technology

node [6], the channel thickness WFin = 7 nm and the equiva-
lent oxide thickness EOT = 0.8 nm are used for the baseline
FinFET. We investigate the NC-FinFETs with various Pr
under Ec = 1.4 MV/cm [18].

III. RESULTS AND DISCUSSION
By using the quantum Qinv model calculation corroborated
with TCAD numerical simulation, we investigate the impact
of negative-capacitance on the inversion charge (Qinv) char-
acteristics and the quantum-capacitance induced Qinv loss
for In0.53Ga0.47As and Si (110) devices in this section.
Fig. 3 shows the impact of negative-capacitance on the Qinv
versus VGT (gate-voltage overdrive) for In0.53Ga0.47As and
Si (110) devices with various Pr. It can be seen that the Qinv
boosting mechanism for the NC-FinFET due to the gate-
voltage amplification can be well captured by our model.
Besides, after the action of negative capacitance, larger value
of Pr (= 4.2 μC/cm2) can achieve larger improvement of Qinv.
This can be explained by the capacitance matching as shown
in Fig. 2. It shows that the curvature of |CFE| decreases with
increasing Pr (due to the 3Q2

inv/P
3
r term in Eqn. (5)), which

extends the voltage range of |CFE| ≈ Cinv and improves the
AV (and thus Qinv) significantly.

FIGURE 3. Impact of negative capacitance on the Qinv - VGT characteristics
with various Pr for (a) In0.53Ga0.47As and (b) Si (110) devices.

Figure 4 shows the negative-capacitance induced Qinv
improvement with various Pr for In0.53Ga0.47As and Si (110)
devices. The improvement due to the impact of negative-
capacitance is defined as the Qinv ratio of NC-FinFET
to FinFET (i.e., Qinv,NC/Qinv,Fin). It can be seen that
the Qinv,NC/Qinv,Fin ratio increases with increasing Pr.
Fig. 5 shows the S curve [19] with various Pr for the
In0.53Ga0.47As NC-FinFET. It can be seen that larger
value of Pr possesses larger negative capacitance region,
which means that the voltage amplification can be main-
tained over a larger voltage range and improves the Qinv
characteristics.
Figure 6 shows the impact of negative capacitance on

the quantum-capacitance induced Qinv loss at different
VGT. It can be seen that the Qinv,Si/Qinv,InGaAs ratio for
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FIGURE 4. Impact of Pr on the negative-capacitance boosted Qinv for
In0.53Ga0.47As and Si (110) devices.

FIGURE 5. Impact of Pr on the S curve for the In0.53Ga0.47As NC-FinFET.

the NC-FinFET is significantly lower than that of the
FinFET. This is because the Qinv boosting for In0.53Ga0.47As
channel is significantly larger than that of the Si channel
(Fig. 4), and the In0.53Ga0.47As FinFET possesses a step-like
Cinv characteristic which can provide a better capacitance
matching over a larger gate-voltage range and higher AV
above threshold.
Figure 7 compares the S curve for In0.53Ga0.47As and

Si (110) NC-FinFETs with Pr = 4.2 μC/cm2. It can be
seen that In0.53Ga0.47As device possesses larger negative-
capacitance region and the slope of S curve is also smaller
(i.e., |CFE| is closer to Cinv) than that of the Si device.
In other words, the In0.53Ga0.47As NC-FinFET can achieve
higher AV over larger gate-voltage range and results in larger
Qinv boost. In other words, the Qinv loss due to quantum
capacitance of the III-V device can be mitigated by the action

FIGURE 6. Impact of negative capacitance on the quantum-capacitance
induced Qinv loss with various Pr at different VGT.

FIGURE 7. S-curve comparison for In0.53Ga0.47As and Si (110) NC-FinFETs.

of negative capacitance for NC-FinFETs. Fig. 6 indicates that
the needed mobility gain of the FinFET to compensate for
the quantum-capacitance induced Qinv loss should be at least
∼2.2×, while the needed mobility gain of the NC-FinFET
can be reduced to ∼1.4× (against the Si one) due to the
impact of negative capacitance.

IV. CONCLUSION
Quantum capacitance for low-DOS III-V materials reduces
the intrinsic inversion capacitance and the inversion charges,
which is crucial to the drive current. We have investi-
gated the inversion charge characteristics and quantum-
capacitance induced inversion charge loss for In0.53Ga0.47As
NC-FinFETs by using theoretical calculation corroborated
with TCAD numerical simulation. We have found that the
step-like inversion capacitance characteristic stemming from
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the energy dependence of 2D DOS plays a crucial role in
capacitance matching. Our study indicates that, the inversion
charge boosting due to the impact of negative capacitance
increases with increasing remnant polarization Pr. Besides,
the inversion charge improvement for the In0.53Ga0.47As
device is larger than that of the Si (110) device. The
quantum-capacitance induced inversion charge loss can be
mitigated from ∼2.2× to ∼1.4× for the In0.53Ga0.47As NC-
FinFET (against the Si counterpart) due to the boost of
negative capacitance.

APPENDIX
The gate charge QG,mos of a double gate FinFET under
strong inversion can be expressed as:

QG,mos = 2Coxeff
(
VG,mos − Vfb − ϕs

)
= Qinv + Qbulk = Qinv + qNchWFin (7)

where VG,mos is the internal-gate bias, Vfb the flat-band
voltage, φs the potential at the carrier centroid, and Nch
the channel doping concentration. Coxeff is the effec-
tive gate oxide capacitance, which has considered the
impact of carrier centroids and can be calculated by
[12], [13]:

Coxeff = εox

tox + 0.7 εoxWFin
4εch

(8)

where εox and εch are the permittivity of the gate-dielectric
and channel, respectively.
With 1D quantum confinement, the inversion electrons act

like the 2D electron gas with the 2D DOS:

DOS2D(E) =
∑
j

mdos
π�2

(9)

where mdos is the DOS effective mass and mdos = mx =
0.041m0 for isotropic In0.53Ga0.47As. The inversion charge
can be calculated by [13], [15]:

Qinv = q
∫ ∞

Ej
DOS2D(E)fFD(E)dE

=
∑
j

kT

q
CQMln

⎡
⎣1 + exp

⎛
⎝ϕs − Ej

q − Eg
2q

VT

⎞
⎠

⎤
⎦ (10)

where CQM is quantum capacitance (= q2mx/π�2), fFD(E)
is the Fermi–Dirac distribution function and Eg is the
band-gap. Ej is the j-th eigen-energy and can be deter-
mined by the Eqn. (1) under the flat-well approximation
[12], [16].
Therefore, for a given internal-gate voltage (VG,mos), φs

can be solved from the Eqn. (7) and Eqn. (10) by iteration.
Then the internal-gate charge QG,mos can be obtained
(Eqn. (7)).

REFERENCES
[1] S. Salahuddin and S. Datta, “Use of negative capacitance to provide

voltage amplification for low power nanoscale devices,” Nano Lett.,
vol. 8, pp. 405–410, Feb. 2008, doi: 10.1021/nl071804g.

[2] Z. Krivokapic et al., “14nm ferroelectric FinFET technology with
steep subthreshold slope for ultra low power applications,” in IEEE
Int. Electron Dev. Meeting (IEDM) Tech. Dig., Dec. 2017, pp. 1–4,
doi: 10.1109/IEDM.2017.8268393.

[3] K.-S. Li et al., “Sub-60mV-swing negative-capacitance FinFET with-
out hysteresis,” in IEEE Int. Electron Device Meeting (IEDM) Tech.
Dig., Dec. 2015, pp. 1–4, doi: 10.1109/IEDM.2015.7409760.

[4] E. Ko, J. W. Lee, and C. Shin, “Negative capacitance FinFET with
sub-20-mV/decade subthreshold slope and minimal hysteresis of
0.48 V,” IEEE Electron Device Lett., vol. 38, no. 4, pp. 418–421,
Apr. 2017, doi: 10.1109/LED.2017.2672967.

[5] S.-E. Huang and P. Su, “Investigation of fin-width sensitivity of thresh-
old voltage for InGaAs/Si channel negative-capacitance FinFETs,” in
Proc. Electron Devices Technol. Manuf. (EDTM) Conf., Mar. 2018,
pp. 16–18, doi: 10.1109/EDTM.2018.8421518.

[6] (2018). IRDS. [Online]. Available: https://irds.ieee.org/
[7] C.-Y. Chang, K. Endo, K. Kato, C. Yokoyama, M. Takenaka, and

S. Takagi, “Impact of La2O3/InGaAs MOS interface on InGaAs
MOSFET performance and its application to InGaAs negative capaci-
tance FET,” in IEEE Int. Electron Devices Meeting (IEDM) Tech. Dig.,
Dec. 2016, pp. 1–4, doi: 10.1109/IEDM.2016.7838404.

[8] Q. H. Luc et al., “First experimental demonstration of negative
capacitance InGaAs MOSFETs with Hf0.5Zr0.5O2 ferroelectric gate
stack,” in IEEE Symp. VLSI Technol. (VLSI) Tech. Dig., Jun. 2018,
pp. T47–T48, doi: 10.1109/VLSIT.2018.8510644.

[9] Y. A. Goldberg and N. M. Schmidt, Handbook Series on
Semiconductor Parameters, vol. 2. London, U.K.: World Sci., 1999,
pp. 62–88.

[10] D. Jin, D. Kim, T. Kim, and J. A. del Alamo, “Quantum
capacitance in scaled down III–V FETs,” in IEEE Int. Electron
Devices Meeting (IEDM) Tech. Dig., Dec. 2009, pp. 1–4,
doi: 10.1109/IEDM.2009.5424312.

[11] R. Granzner, S. Thiele, C. Schippel, and F. Schwierz, “Quantum
effects on the gate capacitance of trigate SOI MOSFETs,” IEEE
Trans. Electron Devices, vol. 57, no. 12, pp. 3231–3238, Dec. 2010,
doi: 10.1109/TED.2010.2077639.

[12] S. Mudanai, A. Roy, R. Kotlyar, T. Rakshit, and M. Stettler,
“Capacitance compact model for ultrathin low-electron-effective-
mass materials,” IEEE Trans. Electron Devices, vol. 58, no. 12,
pp. 4204–4211, Dec. 2011, doi: 10.1109/TED.2011.2168529.

[13] H.-H. Shen, S.-L. Shen, C.-H. Yu, and P. Su, “Impact of quan-
tum capacitance on intrinsic inversion capacitance characteristics and
inversion-charge loss for multigate III–V-on-insulator n-MOSFETs,”
IEEE Trans. Electron Devices, vol. 63, no. 1, pp. 339–344, Jan. 2016,
doi: 10.1109/TED.2015.2500915.

[14] ATLAS User’s Manual, SILVACO, Santa Clara, CA, USA, 2008.
[15] F. Stern, “Self-consistent results for n-type Si inversion layers,” Phys.

Rev. B, Condens. Matter, vol. 5, nos. 12–15, pp. 4891–4899, 1972.
[16] R. Granzner, F. Schwierz, and V. M. Polyakov, “An analytical

model for the threshold voltage shift caused by two-dimensional
quantum confinement in undoped multiple-gate MOSFETs,” IEEE
Trans. Electron Devices, vol. 54, no. 9, pp. 2562–2565, Sep. 2007,
doi: 10.1109/TED.2007.902167.

[17] L. D. Landau and I. M. Khalatnikov, “On the anomalous absorp-
tion of sound near a second order phase transition point,” Doklady
Akademii Nauk SSSR, vol. 96, pp. 469–472, 1954. [Online]. Available:
https://doi.org/10.1016/B978-0-08-010586-4.50087-0

[18] M. Kobayashi and T. Hiramoto, “On device design for steep-
slope negative-capacitance field-effect-transistor operating at sub-
0.2V supply voltage with ferroelectric HfO2 thin film,” AIP
Adv., vol. 6, Feb. 2016, Art. no. 025113. [Online]. Available:
https://doi.org/10.1063/1.4942427

[19] W.-X. You and P. Su, “Intrinsic difference between 2-D negative-
capacitance FETs with semiconductor-on-insulator and double-
gate structures,” IEEE Trans. Electron Devices, vol. 65, no. 10,
pp. 4196–4201, Oct. 2018, doi: 10.1109/TED.2018.2866125.

VOLUME 8, 2020 109

http://dx.doi.org/10.1021/nl071804g
http://dx.doi.org/10.1109/IEDM.2017.8268393
http://dx.doi.org/10.1109/IEDM.2015.7409760
http://dx.doi.org/10.1109/LED.2017.2672967
http://dx.doi.org/10.1109/EDTM.2018.8421518
http://dx.doi.org/10.1109/IEDM.2016.7838404
http://dx.doi.org/10.1109/VLSIT.2018.8510644
http://dx.doi.org/10.1109/IEDM.2009.5424312
http://dx.doi.org/10.1109/TED.2010.2077639
http://dx.doi.org/10.1109/TED.2011.2168529
http://dx.doi.org/10.1109/TED.2015.2500915
http://dx.doi.org/10.1109/TED.2007.902167
http://dx.doi.org/10.1109/TED.2018.2866125


<<
  /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 true
  /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
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /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
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /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 false
  /GrayImageDownsampleType /Average
  /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 false
  /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 "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


