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Abstract— This paper presents a compact transistor model
for circuit design in a flexible amorphous indium gallium zinc
oxide (a-IGZO) thin-film transistor (TFT) technology. The pres-
ented model is technology specific and builds upon the Verilog-A
Rensselaer Polytechnic Institute amorphous silicon TFT (RPI-
aTFT) model. On the basis of extensive device characterization,
we introduce appropriate new equations and parameters that en-
able an accurate and efficient behavioral representation of
a-IGZO TFTs. In this work, we address the modelling of short
channel effects, the scalability for channel lengths from 5 pm to
50 pm, as well as the presence of process variation. Using this
model, a Cherry-Hooper amplifier is designed, analyzed, imple-
mented in a flexible a-IGZO TFT technology, and characterized.
Finally, to validate the presented transistor model, we compare
circuit simulations and measurements of the Cherry-Hooper
amplifier circuit. The amplifier provides a voltage gain of 9.5 dB
and has a GBW of 7.2 MHz from a supply voltage of 6 V. The
simulation using our new compact transistor model resembles the
measured characteristics very well. It predicts a voltage gain of
10.4 dB and a GBW of 7.0 MHz.

Keywords— Integrated flexible amplifiers; modeling; thin-film
transistors; TFT; a-1GZO; InGaZnO; flexible electronics; wearable
electronics; analog circuits; amplifiers

L. INTRODUCTION

Flexible thin-film transistors (TFTs) are increasingly inter-
esting for various applications such as bendable RFID tags,
solar energy harvesting, and biomedical sensors [1-4]. Among
the known semiconducting materials suited for flexible TFT
technologies, amorphous indium gallium zinc oxide (a-1GZO)
is one of the best candidates [5], because of its high field-effect
mobility > 10 cm*/Vs [6], the low-temperature fabrication (be-
low 150°C) [7] and its bendability down to a diameter of
50 um [8]. These characteristics make a-IGZO one of the most
promising candidates for the realization of large-area flexible
electronic systems [5]. In this work we focus specifically on the
a-IGZO TFT devices presented in [2], which are fabricated
using well-known photo lithography. Fig. 1 shows the cross-
section of these transistors.

A compact TFT model is essential to design circuits
efficiently. Previously, we have proposed the use of the SPICE
Level 3 MOSFET model [9], because it is unlicensed and
easily available in many circuit simulators. However, when
employed for a-IGZO TFT circuit simulation the achievable
accuracy and convergence speed are limited.

More accurate and faster compact models tailored to the
simulation of TFT devices of various semiconducting materials
are available. Works [10, 11] present such models, which are
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Fig. 1. Cross-section of flexible bottom-gate a-IGZO TFT [2].

mainly physics based. One of them is the Rensselaer
Polytechnic Institute amorphous silicon TFT (RPI-aTFT)
model [11], which is available in a number of circuit
simulators. This model is based on a unified and continuous
description of the charge sheet density, which allows
developing continuous expressions of the currents, and the
small- and large-signal parameters. It uses physics-based
parameters as well as empirical parameters suitable to model
effects observed in amorphous silicon TFTs. Consequently, it
can be fitted to a-IGZO TFT devices more accurately than
other TFT models and than the previously proposed SPICE
Level 3 MOSFET model. However, it still has shortcomings
with respect to device dimension scalability.

In this work, to develop a behavioral a-IGZO TFT model,
we extend the RPI-aTFT model by new parameters and
equations. We also validate our a-IGZO TFT model by the
comparison of measurements and simulations results of a fully
flexible Cherry-Hooper amplifier in a-IGZO TFT technology.

II.  DEVICE MODELLING
The a-IGZO TFT model proposed in this section over-
comes limitations of the previously published model [9] with
respect to device dimension scalability, convergence speed in
the transient simulation, short-channel effect prediction, as well
as scalability of Ip.

A. Underlying standard RPI-aTFT Model

The universal compact model developed at the Rensselaer
Polytechnic Institute (RPI) for amorphous silicon TFTs [11],
has been implemented in Verilog-A for computer aided design
(CAD) tools. As for other TFT models, the field effect mobility
in the RPI-aTFT model is a power function of the gate voltage
overdrive [10-12]. It is however superior to earlier models es-
pecially for down-scaled TFT devices, because it takes into ac-
count effects caused by localized energy states in the bandgap
of the thin-film. As a result, threshold voltage, field-effect
mobility, leakage currents, the kink effect, and drain current
above threshold are predicted more accurately. The imple-
mentation of the RPI-aTFT model in the Tiburon Design Auto-
mation [13] design kit, has eight geometrical and technological
parameters (Cggo, Coso, Tox> & €1, Lo, Ry, Ry), seven trap distri-
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TABLE I. KEY MODEL PARAMETERS OF STANDARD RPI-ATFT MODEL, ADDITIONAL PARAMETERS OF PROPOSED MODEL, AND FITTING RESULTS.

Parameter Description Short model Long model Remarks Unit
L Length <12 >12 Device dimension pm
W Width 50 50 Device dimension pm
OSat VDS, sat parameter 0.75 0.75 Fitted -
) Transition parameter 8.5 8.5 Fitted --
Y Power law mobility 0.07 0.07 Fitted --
Gwuin Minimum density of deep states 1.0E23 1.0E23 Fitted -
M Knee shape parameter 1.828 2.592 Fitted --
WBand Conduction band mobility 0.0019 0.0019 Fitted m*/Vs
I Zero bias leakage 1.0E-10 1.0E-10 Fitted A
c Minimum leakage current 2E-9 2E-9 Fitted A
Vo Characteristic voltage for deep states 0.12 0.12 Fitted \
Vi Flat band voltage 0.01 0.01 Fitted A\
E; Act energy of hole leakage 0.35 0.35 Process given --
E, Field effect mobility act energy 0.1 0.1 Process given --
€ Rel. dielectric const. of substrate 34 34 Process given --
€ Rel. dielectric const. gate insulator 9.5 9.5 Process given --
Tox Thin-oxide thickness 25E-9 25E-9 Process given m
R4 & Ry Drain/Source contact resistance By (4) By (4) Extended/Parameterized Q
Codo & Cygo G-D/G-S capacitance By (5) and (6), Loy=5|um By (5) and (6), L,»=5|um | Extended/Parameterized F
. By (3):a=-11857, By (3): a=2950, 5 _
Defy Dark Fermi level b = 0.76, Lyy=Sum b = 0.65, Lyy=12um Extended/Parameterized
Vio Zero-bias threshold voltage By (1): Py=1 By (2): Py=1 Extended/Parameterized A\
bution and intrinsic layer quality related parameters (Def, V,, variation by adjusting Py, A 1 ..... Measurement
Gumin, Vo, Ei, E,, HBBad» V), and more fitting parameters. 0.50} o 1
Table I lists the key parameters of the standard RPI-aTFT o025k v
model as well as the new additional parameters and fitted & ok —— Proposed a-IGZO
values of the a-IGZO TFT model proposed in this work. > o2s Pu>0 TFT model
. 0 10 20 40 50

B. Proposed a-1GZO TFT Model

Fig. 2 shows measured threshold voltage Vy, of the a-IGZO
TFT devices with channel lengths from 5 um to 50 pm for a
gate-source voltage Vgs of 5V, respectively. The extracted
threshold voltage depends on the channel length. It has a mini-
mum at a channel length L of 12 pm and is significantly larger
towards shorter and longer channels. However, the standard
RPI-aTFT model cannot represent any channel-length depen-
dency of the threshold voltage. In this paper, we tackle the
modelling of this characteristic by binning in combination with
adding equations to the standard RPI-aTFT model.

To realize binning, we determine one set of model para-
meters for short-channel devices (L < 12 um) and a second set
of model parameters for long-channel devices (L > 12 um),
while we guarantee continuity at L = 12 um. Consequently, in
the following we use channel length Lrgr = 12 um and channel
width Wggr =50 um as reference dimension. The two sets of
model parameters will be referred to as short model and long
model. Additionally, we amend the zero-bias threshold voltage
V,, of the standard RPI-aTFT model by equations (1) or (2) for
the short and the long model respectively.

L

Ly o)
Vi = Pyx1 035 Vx| 1420 ~0.15V (1)
V, =P, x0.55V, )

where L and Py, >0 are the channel-length and the process
variation factor, respectively. Unfortunately threshold voltage
Vy, variations occur very frequently in prototype processes and
are difficult to address in a purely physical model [14, 15].

L [um]

Fig. 2. Measured and simulated threshold voltage Vy, versus channel length
L. Also the influence of the process variations parameter Py, is shown.

Consequently, we introduce parameter Py, for use in statistical
simulations of threshold voltage variations due to process
variations. Throughout this work we will use Py,=1 as a de-
fault for all figures except for Fig. 2.

Also the parameter Dark Fermi level Defy has to be ex-
tended by equation (3), which we determined empirically and
fitted based on extensive measurement data of TFT devices in
the channel length range from 5 pym to 50 um.

Defoz[#)xa+b > 3)
um

where a, b and L, are fitting parameter, which are given in
Table I.

The drain and source contact resistance of a-IGZO TFTs
significantly impacts device performance. Simulation accuracy
is improved by extending parameters Ry and R of the standard
RPI-aTFT model by the following equation:

R4 = R, = 5000 x W;‘VEF , @)
where W is the channel width and the 500 Q are technology
specific.

We extend the parasitic gate-source (C,,) and the parasitic
gate-drain (Cgg,) capacitances of the standard RPI-aTFT model
by a step function. Below the threshold voltage Vy, the capaci-
tances have their off-value Eq. (5), above they have their on-
value Eq. (6):
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Fig. 3. Measured and fitted Ip vs. channel length L at a constant channel
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Fig. 4. Measured and simulated Ip-Vps (left) and Ip-Vgs (right) characteristics
of the a-IGZO TFT with channel width W = 50 pm and length L =35 pm.
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Cgsu = ngu =Ly xWxCyy , for Vgsf Vth (5)

Cgso = ngo =Loy +LxWxCqy > for \/GS2 Vth ) (6)

where L,, is the gate-source or gate-drain overlap length,
which is 5 pm for the a-IGZO TFT technology, and C is the
oxide capacitance, which we extracted from S-parameter mea-
surements with DC-offset.

Figs. 2, 3, 4, and 5 compare the proposed a-IGZO TFT
model to device measurements. Fig. 3 also compares to a fitted
standard RPI-aTFT model. Fig. 2 shows that the threshold
voltage given by our a-IGZO TFT model resembles the actual
threshold voltage of the a-IGZO TFT devices well, within the
relevant channel-length range from 5 um to 50 pm. It also
shows the influence of process variation parameter Py,. Fig. 3
shows that the drain current I in the ohmic and saturation
region is predicted more precisely thanks to our presented
extensions of the device model. Fig. 4 shows the Ip-Vps and I-
Vs characteristics for a short a-IGZO TFT. The accuracy of
the new model is very good in the transition region from linear
to saturation region (knee), which is important for analog
circuit design. Fig. 4 also reveals that we put more emphasis on
accurate fitting for Vgg =3 V and below, because this area of
operation is usually more relevant in analog circuits. Improving
the fitting for Vgs >3 V would reduce the accuracy in the re-
maining regions. Additionally, a power dissipation of
Ppc > 1 mW may overheat the TFT device, which should be
avoided in circuits. Fig. 5 compares AC measurements, acqui-
red with a vector network analyzer, to simulation results for an
a-IGZO TFT device of dimensions {W, L} = {50 pm, 5 pum}
and Vps=V5s=3 V (i.e. on-state). This measurement setup
requires the usage of bias tees, which limit the frequency range
to 1 MHz and above. We carefully fitted Y, Y,;, and Y.
Consequently they show very good agreements between mea-
surement and modelling. As a trade-off, the fitting of the small-
signal output admittance Y,, does not achieve the same accura-
cy. We chose this trade-off, because the overestimation of Y,
does not impact circuit simulation accuracy in many practical
cases, for example in all cases where high impedance bridging
is used between stages.
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Fig. 5. Measured and simulated Y-parameters of a single TFT DUT
(50 pm/ 5 pm) at Vps=3V and Vss=3V.

I1I. EXPERIMENTAL RESULTS AND DISCUSSION

To validate the accuracy of the proposed model for the
a-IGZO TFT technology, the Cherry-Hooper amplifier shown
in Figs. 6 and 7, which is similar to [16], has been designed.
The circuit is fabricated on a flexible 50 pm-thick polyimide
substrate using an a-IGZO technology [2] in a chip area of
133 mm’. Characterization was carried out using an
oscilloscope, a signal generator and a vector network analyzer.
All time domain measurements were carried out with a load
impedance of Z; =10 MQ || 1 pF. The supply voltage for the
amplifier was Vpp =6 V.

The frequency response of the amplifier is shown in Fig. 8,
where measurement and simulation with our proposed model
are compared. A voltage gain of 9.5dB is achieved over
a -3 dB bandwidth of 2.4 MHz, with GBW of 7.2 MHz and a
DC power consumption of 6 mW. The measured drop in
voltage gain below 40 kHz is caused by the AC coupling Cc of
the input and by the AC coupling of the measurement setup.

Apart from this discrepancy below 40 kHz, which is ex-
pected, the simulation using our new a-IGZO TFT model
predicts the actual behavior of the Cherry-Hooper amplifier
well. The simulated voltage gain is between 10.4 dB and
11.2 dB over a -3 dB bandwidth of 2.1 MHz. The predicted gain
is above the measured, which is expected because the simu-
lation does not include parasitics. The simulated GBW is
7.0 MHz and differs from the measured GBW by only 0.2 MHz.

To verify the accuracy of the proposed a-IGZO TFT model
for predicting nonlinear behavior of the circuit, we compared the
simulated and measured dynamic output range of the Cherry-
Hooper amplifier. The measured 1 dB compression point of the
amplifier is -7.5 dBV (0 dBV=2.828 V,,;) and differs from the
simulated 1 dB compression point of -8.5 dBV by only 1 dB.

IV. CONCLUSION

A compact model for a-IGZO TFTs and its application was
presented in this paper. This model builds on the RPI-aTFT
model (Rensselaer Polytechnic Institute model for amorphous
silicon TFT). We improved over this standard RPI-aTFT model
by adding equations and parameters to enhance the prediction
accuracy for a-IGZO TFTs. We also used binning to enable the
modelling of the non-monotonic channel length dependent
threshold voltage of the a-IGZO TFTs. Our model provides
scalability in drain current, extrinsic overlap capacitances, and
a drain/source contact resistance of the a-IGZO TFT devices.
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Fig. 7. Die photo of fabricated flexible Cherry-Hooper amplifier.

The practicality and the accuracy of the proposed a-IGZO
TFT model were validated by comparison of simulations and
measurements of a Cherry-Hooper amplifier, which was
implemented in a-IGZO TFT technology and subsequently
characterized. The model was fitted to the technology based on
large sets of measurements for channel lengths ranging from
5 um to 50 um. However, the validation of the model showed
that the model can also be used for shorter channel lengths. The
Cherry-Hooper amplifier was implemented using devices with
a channel length of 4 um. We have also compared simulated
and measured non-linear behavior, and provided means to
handle process variation induced threshold voltage variations
during simulation.

In summary, this work presented a new compact thin-film
transistor model and its application for a-IGZO TFT devices
and circuits. The resulting new a-IGZO TFT model is a
behavioral model that increases the range of operation and
provides improved simulation accuracy.

ACKNOWLEDGMENT

The first three authors have contributed to this work equally.
This work was supported in part by the European Commission
under project FLEXIBILITY under Grant 287568, in part by
the Organic/Polymer Path of Center for Advancing Electronics
Dresden, in part by the German Research Foundation (DFG)
under projects Low-Voltage High-Frequency Vertical Organic
Transistors (HFOE, EL 506/13-1), WISDOM, and Coordina-
tion Funds of SPP 1796, and in part by SNF/DFG DACH
FFlexCom project: WISDOM, SNF grant number 160347.

REFERENCES
[11  N. Munzenrieder, C. Zysset, T. Kinkeldei, and G. Troster, “Design
Rules for IGZO Logic Gates on Plastic Foil Enabling Operation at

g 12 eeeee Measurement
3 1g == Proposed a-IGZO
<8 TFT model
S 4
° 2
(]
o 0
S 2
2

90
—~ 0
[=2]
[
Q, -90
2 L
5-180

-270 . - *

10k 100k M 10M

Freq. [Hz]

Fig. 8. Comparison of measured and simulated frequency response of the
Cherry-Hooper amplifier.

Bending Radii of 3.5 mm,” IEEE Trans. on electron. Devices, vol. 59,
no. 8, pp. 2153-2159, Aug. 2012.

[2]1  N. Munzenrieder, K. H. Cherenack, and G. Troster, “The Effects of
Mechanical Bending and Illumination on the Performance of Flexible
IGZO TFTs,” IEEE Trans. on electron. Devices, vol. 58, no. 7, pp.
2041-2048, Jul. 2011.

[3] H. Fuketa, et al., “Large-Area and Flexible Sensors with Organic
Transistors,” in Proc. 5th IEEE Int. Workshop on Adv. Sensors and
Interfaces (IWASI), pp. 87-90, Jun. 2013.

[4]  N. Miinzenrieder, et al., “Contact resistance and overlapping capacitance
in flexible sub-micron long oxide thin-film transistors for above 100 MHz
operation®, Applied Physics Letters 105:26, 263504, Dec. 2014.

[51 L. Petti, et al., “Metal oxide semiconductor thin-film transistors for
flexible electronics,” Applied Physics Review, 3:2(021303), 2016.

[6] K. Nomura, et al, “Room-temperature fabrication of transparent
flexible thin-film transistors using amorphous oxide semiconductors,”
Nature, 432, pp. 488-492, Nov. 2004.

[71  G. A. Salvatore, et al., “Wafer-scale design of lightweight and transpa-
rent electronics that wraps around hairs”, Nature Communications,
5:2982, Jan. 2014.

[8]  D.Karnaushenko, et al., “Biomimetic Microelectronics for Regenera-
tive Neuronal Cuff Implants,” Advanced Materials, 27, pp. 6797-6805,
Nov. 2015.

[91 C. Perumal, et al., “A Compact a-IGZO TFT Model Based on
MOSFET SPICE Level=3 Template for Analog / RF Circuit Designs,”
IEEE Elec. Device Lett. , vol. 34, no. 11, pp. 1391-1393, Oct. 2013.

[10] X. Cheng, S. Lee, R. Chaji, A. Nathan, “Device-Circuit Interactions and
Impact on TFT Circuit-System Design”, Emerging and Selected Topics in
Circuits and Systems IEEE Journal on, vol. 7, pp. 71-80, 2017.

[11] M. S. Shur, H. C. Slade, M. D. Jacunski, A. A. Owusu, and T. Ytterdal,
“Spice Models for Amorphous Silicon and Polysilicon thin Film
Transistors,” Journal of Electrochemical Society , vol. 144, no. 8, pp.
2833-2839, Aug. 1997.

[12] B. Iniguez, T. Ytterdal, T. A. Fjeldly, and M. S. Shur, “Physics and
Modeling of Poly, Micro, and Nano Crystalline TFTs,” in Poly-Si Thin
Film Transistors, Editor Yue Kuo, Kluwer Academic Publishers,
Boston, 2003.

[13] “Tiburon Design Automation®,” [Online], Available: https:/www.
mentor.com/products/fv/tiburon/, Accessed: Feb. 15,2017.

[14] G. Baek, L. Bie, K. Abe, H. Kumomi, and J. Kanicki, “Electrical
Instability of Double-Gate a-IGZO TFTs With Metal Source/Drain
Recessed Electrodes,” IEEE Trans. on electron. Devices, vol. 61, no. 4,
pp. 1109-1115, Apr. 2014.

[15] X. Huang, et al., “Electrical instability of amorphous indium-gallium-
zinc oxide thin film transistors under monochromatic light
illumination,” Applied Physics Lett., vol. 100, no. 24, pp. 243505-
243505-4, Jun. 2012.

[16] R. Shabanpour, et al., “Cherry-Hooper amplifiers with 33 dB gain at
400 kHz BW and 10 dB gain at 3.5 MHz BW in flexible self-aligned a-
IGZO TEFT technology”, Intelligent Signal Processing and Communica-
tion Systems (ISPACS), 2014 International Symposium on, pp. 271-27,
Dec. 2014.




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (None)

  /CalCMYKProfile (None)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.7

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /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 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

  ]

  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /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 6.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /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 6.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>





    /SKY <>



    /SUO <>

    /SVE <>

    /TUR <>



    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice



