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Abstract— The radio frequency (RF) and stability performance
of double-gate (DG) extended source tunneling field-effect
transistors (TFETs) are evaluated by extracting RF parameters
like cut-off frequency (ft), maximum oscillation frequency (fmax)
and stability factor. In addition, the superb RF performances of
double-gate extended source TFETs were obtained by designing
gate length. The stability factor and small signal parameters such
as gate capacitance and transconductance can be extracted using
a non-quasi static small signal model are calculated using Y-
parameters from a TCAD simulation. It was confirmed that the

double-gate extended source TFET is suitable for RF
applications.
Keywords—  Radio frequency (RF); Stability factor;

Nongquasistatic (NQS); Extended source; Tunneling field-effect
transistor (TFET).

L INTRODUCTION

The tunneling field-effect transistors (TFETSs) are one of the
promising devices that can achieve a steep sub-threshold slope
(SS) of below 60 mV/decade at 300 K of temperature, and can
potentially realize low standby power (LSTP) devices at
significantly reduced the operating voltage and power
dissipation. TFETs, which are reverse biased gated p*-i-n*
diodes with heavily doped source and drain regions whose on-
current arise due to field-effect controlled band-to-band
tunneling (BTBT), have the lower leakage current, suppressed
short channel effects (SCE), low standby power consumption
and low gate capacitance compared to MOSFETs [1-3].

When the N-type device is off, the source valence band is
located below the channel conduction band. Therefore, the
presence of large tunneling barrier keeps the off-current
extremely low due to the reverse biased operation. When the
device is turned on, the energy bands down and the channel
conduction band goes below the source valence band. Hence,
high lateral electric field forces the electrons to tunnel through
the narrow tunneling barrier of source-channel junction [1].

There has been a lot of research interest on the design,
modeling, fabrication, and characterization of TFETs [4-22].
However, because silicon-based TFETs have the low on-
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current due to the low interband tunneling, the on-current of
TFETs must be improved. On the other hand, the low on-
current causes low transconductance and RF performances.
The on-current of TFETs can improve by applying band-gap
engineering [8, 9], small band-gap materials [10], high-k
dielectric materials [11, 12], pocket doping [13], extended
source [7, 14— 16], vertical direction tunneling [17] and p-n-p-n
structure [18].

In this work, we investigate a DG extended source TFETs
for high performances. By changing the values of the gate
length (Lg), the extended source TFETs are designed for RF
application. We have obtained RF, small signal and stability
factor parameters from the analytical equations of the Y-
parameters of a nonquasistatic (NQS) radio frequency model.
The Y-parameters of extended source TFETs having different
gate length were evaluated by two-dimensional device
simulator simulation using activating multiple physical models
for higher accuracy such as nonlocal band-to-band tunneling
model, auger recombination, trap assisted tunneling model,
band-gap narrowing, Shockley-Read-Hall recombination
model, hurkx recombination model and; concentration and
field dependent mobility models.

The paper is organized as follows. In section II, we have
described the device structure, Y-parameters of nonquasistatic
equivalent circuit model and stability model of extended source
TFETs. The results and discussion are presented in section III.
We finally discuss validation of the radio frequency model in
section IV, before concluding the paper in section V.

II.  DEVICE STRUCTURE AND MODELING

Fig. 1 shows a structure of DG extended source TFET. The
doping concentrations of Si-channel, source and drain are p~
1x10'% em, p* 1x10%° cm™ and n* 1x10%° cm™, respectively.
The oxide thickness is 2 nm. The channel length of structure is
30 nm, and silicon body thickness, extended source length and
nm extended source thickness are 15 nm, 10 nm and 5nm,
respectively.

As mentioned in [14], the extended source TFET with short
extended source length increases tunneling junction area in the
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on-state. Therefore, the increase in tunneling junction area
leads to higher BTBT generation rate and boosts on-current.
This explains the large improvement in the Jon/Iorr ratio (more
than 11 orders of magnitude) because the difference between
off-current of the square-shaped extended source and
conventional TFET is less pronounced, that is one advantage of
the extended source TFET. In order to better clarity about the
physics reason for this large improvement, the energy band
diagram along the source-drain direction at the oxide-silicon
interface (horizontal cut-line) and along the top gate-bottom
gate direction at 5 nm away from the source-drain interface
(vertical cut-line) are plotted in Fig. 2 for off-state and on-state
of extended source TFET.

On the one hand, in off-state, the source valence band is
located below the channel conduction band for horizontal and
vertical cut-lines of structure. Therefore, the small off-current
flows in structure due to the large tunneling barrier in between
the source and channel. Consequently, the difference in off-
current of extended source and conventional TFET is
negligible as mentioned in [14]. But on the other hand, by
looking at the energy band diagrams for on-state, the square-
shaped extended source TFET has an additional vertical
tunneling component as compared conventional TFET where
the channel conduction band goes below the square-shaped
extended source valence band due to applied gate voltage as
observed in Fig. 2 (b). This vertical tunneling component
causes the electrons tunnel from the occupied valence band
states of the square-shaped extended source to the unoccupied
conduction-band states of the channel through the narrow
tunneling barrier between the square-shaped extended source
and the channel. Consequently, the on-current only increases as
compared with the conventional TFET due to the larger
tunneling junction area in the on-state introduced by the
extended source.

The Y-parameters of the intrinsic nonquasistatic small signal
equivalent circuit after by considering the assumptions w’R,’
(Cgst Coy)? << I and w?® << I are considered as [19],

Y, ~&’R,(C, +C,,) + jo(C, +C,,) )]

Y, ~—w’R,C,,(C, +C,)— jaC,, )

Y, =g, - R,(C,+C,)C, +7g,) )
—ja)[ng +7g, +ngg(Cgs +ng)]

Y, =g, +@'R,C{C,, +g,[t+R,(C,+C,)]} @

+jolCy +C, +R,g,C,]

where, R, is the effective gate resistance. Cgy, and Cy¢ and Cyg
are intrinsic gate-source, gate-drain and source-drain
capacitance, respectively. Time constant z, g, and g4 are the
charge transport delay, transconductance and source-drain
conductance, respectively.

By using the real and imaginary parts of Y-parameters, we
obtain the analytical values of the device small signal
parameters as [19],
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Fig. 1. A structure of the extended source TFET.
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Fig. 2. The energy band diagrams of 30 nm gate length extended source
TFET. (a): along the horizontal direction near the oxide-silicon interface
(horizontal cut-line). (b): along the vertical direction at 5 nm away from the

Re[Y}, ]
= 5
¢ (Im[Y,]) ©
c, - Im[Y,]+1Im[Y,,] ©6)

(4]

1043



2015 23" Iranian Conference on Electrical Engineering (ICEE)

| Ls=30nm
A Lc=50nm
® Ls =100 nm
VD=O-7V

Gate Capacitance [fF]
S = N W A Ui &N O X

02 03 04 05 06 0.7

Gate Voltage (Ves) [V]

Fig. 3. The gate capacitance of extended source TFETs having L = 30, 50
and 100 nm.
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Extracted intrinsic small signal parameters using the Y-
parameters from a TCAD simulation have been used for the
evaluation of the RF performances at necessary bias conditions
applied to the gate and drain terminals. In order to understand
the device behavior at high frequencies, the radio frequency
and stability performance of extended source TFET is
evaluated by extracting the stability performance, cut-off and
maximum oscillation frequencies, known as figures of merit
(FoM). The cut-off and maximum oscillation frequencies can
be calculated by the current and unilateral power gains using
the Y-parameters from a TCAD simulation, respectively. Here,
cut-off frequency (f7) is obtained when the current gain is unity

Y,
( Y,

11

=1); and maximum oscillation frequency is obtained

under power matching condition at the input and output ports
(Mason’s unilateral power gain) drops to unity [20].

The stability factor (k) determines the stability of a TFET
which describes the instable oscillations due to input or output
impedance of the transistor. On the other hand, the stability
factor gives an indication, whether a TFET is conditionally or
unconditionally stable. However, the transistor is conditionally
stable at operating frequency below critical frequency but it can
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Fig. 4. The transconductance (g,) of extended source TFETs having L =

30, 50 and 100 nm.

oscillate under certain conditions. At any operating frequency
above a critical frequency (fi), TFET is unconditionally stable
that the TFET will not begin to oscillate independently. The
unconditionally stable condition of TFET is k£ > 1.

The stability factor in terms of Y-parameter at different
frequencies of operation for the TFET can be expressed as
(21],

 _ 2Re(t ) Re(¥y) ~Re(1, Y, )
%5

(12)

In order to simplify further, by substituting the Y-
parameters into (12), will yield the stability factor expression
(13) as a function of the small signal parameters which is
shown at the bottom of the page, where,

C,=C,+C, (14)

III. RESULTS AND DISCUSSION

Fig. 3 shows gate capacitance (Cg) of the extended source
TFETs having different gate lengths. The gate capacitance of
TFETs is more affected by the influence of the gate-drain
capacitance at high gate voltage (Vs). Due to the reduction of
potential barrier at the drain side with the increase in Vs, the
gate-drain capacitance increases. Therefore, the values of gate
capacitance are increased when the gate voltage is applied. As
seen, the 30 nm extended source TFET has beenpotential as
RF device with low gate capacitance.

The Fig. 4 shows the transconductances (g»,) of extended
source TFETs having Lg = 30, 50 and 100 nm. Since the drain
current (Ip) of TFET is not affected by gate length, there is no
change in transconductances of TFETs with different gate
lengths, as shown in Fig. 4.

Fig.5 shows cut-off (ff) and maximum oscillation
frequencies (fumax) of extended source TFETs for different gate
length values as a function of Vgs. The value of cut-off

_ O (G +2C, (C 8+ Coy (8 + 8B +Cy8, 7+ CyCy R (Cyy +2C, 8, R, +8,2C, R, +1))00")

k

(13)
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Fig. 5. (a) The f7 and (b) f. of extended source TFETSs having Ls = 30, 50
and 100 nm as a function of Vgs.
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frequency is increased with the increase of Vs by the relation
between the transconductance and gate

capacitance (f; ~ —) . The cut-off frequency of a TFET
cnnCg
is inversely proportional to gate length. Because Cg is
proportional to gate length and the transconductance of a TFET
is nearly constant. The fr of TFETs have the rising tendency as
a function of Vgs since g, and Cgeincrease monotonically with
the increase of Vs as shown in Figs. 3 and 4. As seen from
Fig.5 that 30 nm extended source TFET shows a better fr as
well as f..x compared to other lengths at high Vgs. It should be
mainly due to the lower gate capacitance as shown in Fig. 3;
however, its transconductance is nearly similar to other TFETs.
Furthermore, the extended source TFET with 30 nm gate
length has higher f,... values than other TFETs because of
higher fr and lower Cggas previously shown in Figs. 4 and 5(a).

Fig. 6 shows fr and f.. of extended source TFETs having
Ls = 30, 50 and 100 nm as a function of Vps. Due to the
improvement in the drain current [22], the transconductance
rapidly increases as Vpgincreases. It can be seen from Fig. 6(a),
the cut-off frequency increases. The TFET shows higher the
fmax due to the higher cut-off frequency and lower gate
capacitance at higher Vps, as shown in Fig. 6(b). It can be seen
that the 30 nm extended source TFET exhibits the better RF
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Fig. 6. (a) The f7 and (b) fo..x of extended source TFETs having L = 30, 50
and 100 nm as a function of Vpg.

performances because of the higher transconductance and
current drivability at high Vps.

Fig. 7 demonstrates the stability factor extended source
TFETs for different gate length values up to 250 GHz. The
critical frequency (fx) values of the extended source with 30, 50
and 100 nm gate lengths were about 28.1, 9.3 and 2.7 GHz at
Vaes = Vps = 0.7 V, respectively. Consequently, the additional
stability circuits are not required for RF circuits above these
frequencies. The reduction in gate length leads to increase in
short-channel effect and has the impact on stability
performance of TFET.

The results indicate that 30 nm extended source TFETs can
have higher cut-off and maximum oscillation frequencies for
high efficiency switching applications with good stability.

IV. VALIDATION OF RADIO FREQUENCY MODEL

Fig. 8 compares the modeled and simulated values of small
signal parameters such as capacitances and effective gate
resistance for a 30 nm extended source TFET as a function of
the frequency at Vgs = Vps = 0.7 V up to 250 GHz. It is
observed that small signal parameters obtained from the model
show excellent agreement with the calculation results by the
TCAD simulation.

1045



2015 23" Iranian Conference on Electrical Engineering I
121 Ve=Vo=0.7V
1 L 4
S
o
© 0.8} _
®
w
Z 0.6¢ ® Lo-30nm |
o | 0.98 A Lc=50nm |
g 0.4 ® Lc =100 nm
021 0.96 J
0 4 8 12
0 L 4
0 50 100 150 200 250

Frequency [GHZz]

Fig. 7. The stability factor extended source TFETs having L; = 30, 50 and
100 nm.

V. CONCLUSION

The RF and stability characteristics of DG extended source
TFETs are performed through parameter extractions from the
model equivalent circuit in terms of the cut-off frequency,
maximum oscillation frequency and stability factor.
Furthermore, the device stability is studied for various gate
lengths. The optimized gate length shows excellent stability
performance with optimal cut-off frequency. Since the device
is unconditionally stable from 2.7 GHz, there is no need of any
additional stabilization network above this critical frequency.
The device has shown improved RF performance and circuit
complexity that suitable for RF applications.

REFERENCES

A. M. Ionescu and H. Riel, “Tunnel field-effect transistors as energy-
efficient electronic switches,” Nature, Vol. 479, No. 7373, pp. 329-337,
2011.

B. Ghosh and M. W. Akram, “Junctionless tunnel field effect transistor,”
IEEE Electron Device Lett., Vol. 34, No. 5, pp. 584-586, 2013.

B. Rajamohanan, D. Mohata, A. Ali, S. Datta, “Insight into the output
characteristics of III-V tunneling field effect transistors,” J. Appl. Phys.,
Vol. 102, pp. 092105-1-092105-5, 2013.

A. Vallett, S. Minassian, P. Kaszuba, S. Datta, J. Redwing and T. Mayer,
“Fabrication and characterization of axially doped silicon nanowire
tunnel field-effect transistors,” Nano let., Vol. 10, No. 10, pp. 4813-
4818, 2010.

G. Dewey, B. Chu-Kung, J. Boardman, JM. Fastenau, J. Kavalieros,
WK. Liu, D. Lubyshev, M. Metz, N. Mukherjee, P. Oakey, R.
Pillarisetty, M. Radosavljevic, HW. Then and R. Chau, “Fabrication,
characterization, and physics of III-V heterojunction tunneling field
effect transistors (H-TFET) for steep subthreshold swing”, in IEEE
international electron device meeting (IEDM), Washington, DC, USA,
pp. 5-7, 2011.

M. Gholizadeh and S. E. Hosseini, “A 2-D analytical model for double-
gate tunnel FETs,” IEEE Trans. Electron Devices, Vol. 61, No. 5, pp.
1494-1500, 2014.

S. Marjani and S. E. Hosseini, “Radio-frequency modeling of square-
shaped extended source tunneling field-effect transistors,” Superlattices
and Microstructures, Vol. 76, pp. 297-314, 2014.

L. Britnell, R. V. Gorbachev, R. Jalil, B. D. Belle, F. Schedin, A.
Mishchenko, T. Georgiou, M. 1. Katsnelson, L. Eaves, S. V. Morozov,
N. M. R. Peres, J. Leist, A. K. Geim, K. S. Novoselov, L. A.
Ponomarenko, “Field-effect tunneling transistor based on vertical
graphene heterostructures,” Science, Vol. 335, No. 6071, pp. 947-950,
2012.

S. Richter, C. Sandow, A. Nichau, S. Trellenkamp, M. Schmidt, R.
Luptak, K. K. Bourdelle, Q. T. Zhao, and S. Mantl, “Q-Gated silicon

(1

(2]
B3]

(4]

(3]

(el

(7

(8]

91

CEE)

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

1046

m

25+ {70 F
Solid Line: Modeling Le = 30 nm {60 2

i 2.0 - Symbol: Device Simulation Ve=Vo=0.7V 5
= 150 ©
0 (=
g 1.5 Cgu {40 @
s —Eeeeee-e-e-e—e—e—e—e—e%) 2
e 1.0 R 130 o
o —Eeeee-e-e-e-e—e—e—e—@e—e &
3 0.5 -mseee-e-e-e-e-e—e—e—e—e—e@ 120 §
Cos 110 8

0.0 ) . . . . Csd §. 10 ﬁ’i

0 50 100 150 200 250 E

Frequency [GHz]

Fig. 8. Comparison of modeled and simulated of capacitances and effective
gate resistance a 30 nm extended source TFET.

and strained silicon nanowire array tunneling FETs,” IEEE Electron
Device Lett., Vol. 33, No. 11, pp. 1535-1537, 2012.

K-T. Lam, X. Cao, and J. Guo, “Device Performance of Heterojunction
Tunneling Field-Effect Transistors Based on Transition Metal
Dichalcogenide Monolayer,” IEEE Electron Device Lett., Vol. 34, No.
10, pp. 1331-1333, 2013.

K. Boucart and A. M. Ionescu, “Double-gate tunnel FET with high-k
gate dielectric,” IEEE Trans. Electron Devices, Vol. 54, No. 7, pp. 1725-
1733,2007.

A. Mallik and A. Chattopadhyay, “Tunnel field-effect transistors for
analog/mixed signal system-on-chip applications,” IEEE Trans. Electron
Devices, Vol. 59, No. 4, pp. 888-894, 2012.

K. Kao, A. S. Verhulst, W. G. Vandenberghe and K. De Meyer,
“Counterdoped pocket thickness optimization of gate-on-source-only
tunnel FETs,” IEEE Trans. Electron Devices, Vol. 60, No. 1, pp. 6-12,
2013.

Y. Yang, P. Guo, G. Han, K. L. Low, C. Zhan and Y.-C. Yeo,
“Simulation of tunneling field-effect transistors with extended source
structures,” J. Appl. Phys., Vol. 111, pp. 114514-1— 114514-8, 2012.

G. B. Beneventi, E. Gnani, A. Gnudi, S. Reggiani and G. Baccarani,
“Dual-metal-gate InAs tunnel FET with enhanced turn-on steepness and
high on-current,” IEEE Trans. Electron Devices, Vol. 61, No. 3, pp. 776-
784, 2014.

S. Marjani and S. E. Hosseini, “A novel double gate tunnel field effect
transistor with 9 mV/dec average subthreshold slope,” in 22st Iranian
Conference on Electrical Engineering (ICEE), Tehran, Iran, pp. 399-
402, 2014.

L. Lattanzio, N. Dagtekin, L. D. Michielis and A. M. Ionescu, “On the
static and dynamic behavior of the germanium electron-hole bilayer
tunnel FET” IEEE Trans. Electron Devices, Vol. 59, No. 11, pp. 2932-
2938, 2012.

S. Marjani and S. E. Hosseini, “RF modeling of p-n-p-n double-gate
tunneling field-effect transistors,” presented at the 3rd Conference on
Millimeter-Wave and Terahertz Technologies (MMWaTT), Tehran,
Iran, 2014.

1. Kwon, M. Je, K. Lee and H. Shin, “A simple and analytical parameter-
extraction method of a microwave MOSFET,” IEEE Trans. Microwave
Theory Tech., Vol. 50, No. 6, pp. 1503-1509, 2002.

V. Dimitrov, J. Heng, K. Timp, O. Dimauro, R. Chan, M. Hafez, J.
Feng, T. Sorsch, W. Mansfield, J. Miner, A. Kornblit, F. Klemens, J.
Bower, R. Cirelli, E. J. Ferry, A. Taylor, M. Feng, and G. Timp, “Small-
Signal Performance and Modeling of sub-50nm nMOSFETs with fT
above 460-GHz,” Solid State Electron., Vol. 52, No. 6, pp. 899-908,
2008.

J.M. Rollet, “Stability and power gain invariants of linear two ports,”
IRE Trans. Circuit Theory, Vol. 9, pp. 29-32, 1962.

S. Cho, J. S. Lee, K. R. Kim, B.-G. Park, J. S. Harris, Jr., and 1. M.
Kang, “Analyses on small-signal parameters and radio-frequency
modeling of gate-all-around tunneling field-effect transistors,” IEEE
Trans. Electron Devices, Vol. 58, No. 12, pp. 4164-4171, 2011.




<<
  /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


