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ABSTRACT In this paper, an inverter composed of semi-floating gate (SFG) transistor and a load resistor
was analyzed. Varying threshold voltage (Vi) during switching was observed. This dynamic Vi, behavior
of SFG device is because of the special device structure of SFG transistors. Based on the Vi,-programmable
behavior of the SFG transistor, a SFG-based GaN high electron mobility transistor was proposed and
enhancement-mode was realized with writing-0 into the transistor during every switching operation by

simulation.

INDEX TERMS Semi-floating gate, dynamic threshold voltage, enhancement-mode GaN HEMT.

I. INTRODUCTION

Semi-floating gate (SFG) is a device concept utilizing
a quasi-floating gate inside a transistor [1]. As the quasi-
floating gate is charged or discharged, the threshold voltage
(Vi) is changed. The SFG region can be coupled to the drain
or source electrode via diode, tunneling field-effect transis-
tor, or resistor. As a result, SFG transistor can be applied in
different applications such as memory and sensor [1]-[6].
In this paper, the switching operation of an inverter con-
sisting of a SFG transistor is analyzed and dynamic Vy, is
observed. Moreover, the threshold voltage of the SFG tran-
sistor can be programmed by writing-0 operation. Based
on this device behavior, enhancement-mode GaN high elec-
tron mobility transistor (HEMT) utilizing SFG concept is
proposed and studied by simulation.

Il. DEVICE CONCEPTS AND DEVICE STRUCTURES

Fig. 1 shows the equivalent circuits of the SFG device con-
cept. When a tunneling field effect transistor (TFET) is
integrated with a floating gate, a SFG memory cell can
be obtained [1]-[3]. The threshold voltage of SFG memory
cell shown in Fig. 1(a) is controlled by the current through
the TFET. If a diode is integrated between the drain elec-
trode and the SFG region as shown in Fig. 1(b), this SFG
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FIGURE 1. Equivalent circuits of SFG devices with: (a) an integrated TFET,
(b) a diode coupled to drain, and (c) a diode coupled to source.
(d) Schematic view of the SFG transistor with an embedded TFET.

device can work as a sensor [4]. For example, a simpli-
fied dosimeter structure has been proposed based on this
device structure [5]. Light sensor can be formed when the
integrated diode is optimized toward the photo-diode [4].
In Fig. 1(c), the cathode of the integrated diode is coupled
to the source electrode. This configuration is suitable for
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FIGURE 2. The diagram of the method of the SFG transistor measurement.

realizing enhancement-mode GaN HEMT. In this case, the
threshold voltage of the device is increased if logic “0” is
stored in the transistor. Then, a positive control-gate voltage
is needed to turn on the channel of GaN HEMT. In this
work, switching properties of the SFG transistor based on
dynamic Vi and enhancement-mode SFG GaN HEMT are
investigated.

1Il. EXPERIMENTAL, SIMULATION AND DISCUSSIONS

A. ELECTRICAL BEHAVIORS OF SFG TRANSISTOR

In the experiments, the silicon-based SFG transistor with the
integrated TFET is measured and its schematic view is shown
in Fig. 1(d). The fabrication process flow was described
in [2]. The SFG region is connected to drain terminal via the
embedded TFET. An inverter circuit is configured to inves-
tigate the switching behavior of SFG transistor. As shown in
Fig. 2, the drain terminal of the SFG transistor is connected
with a load resistor while the source terminal is connected
to the cathode of the operational amplifier. The anode of the
operational amplifier is grounded so that the source termi-
nal of the SFG transistor is also grounded because of the
virtual short concept of the operational amplifier. The input
signal (Vi,) generated by the pulse generator is applied to
the control gate electrode of the SFG transistor while the
power supply voltage (Vpp) is set to 5 V. The output current
of the SFG transistor is converted into the voltage by the
resistor (Ry), which is monitored by the oscilloscope. After
the output current is measured, the output voltage signal
(Vout) at the drain terminal of the SFG transistor can be cal-
culated out by the load resistor. The input pulse and output
voltage waveform of 20-ms period are shown in Fig. 3(a).
When the input voltage increases from 0 V to 5V, the out-
put voltage firstly decreases from 4.9 V to a lowest value
and then increases from the lowest value to 1.3 V. When
Vin decreases from 5 V to 0 V, Vgt increases from 1.3 V
to 4.9 V. During the rising edge and falling edge, curves
of drain current of the SFG transistor versus input voltage
are shown in Fig. 3(b). The SFG transistor during the ris-
ing edge is turned on earlier than the turn-off point at the
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FIGURE 3. (a) Input and output voltage waveforms of the 20-ms period of
the switching circuit. (b) Curves of drain current versus input voltage
during the rising edge and falling edge of the switching operation.

(c) Input and output voltage waveforms of the 50-us period of the
switching circuit. (d) The operating sequence of a SFG transistor to
program and measure the threshold voltage. (e) Measured transfer
characteristics of the Si-based SFG transistor with different V¢gp.

(f) Dependence of the threshold voltage extracted from Fig. 3(e) on V¢gp.

falling edge. During the rising edge, the drain current of the
SFG transistor firstly increases to a peak value and then is
reduced to a stable value. During the turn-on period, Vi,
increases and the tunneling current of the TFET charges the
SFG node. The SFG potential is gradually increased and Vi,
of the SFG transistor is decreased. When Vi, continues to
increase and Vg, decreases to the lowest value, the forward-
biased diode in the SFG transistor will discharge the SFG
node so that the SFG potential is lowered and Vi, of the SFG
transistor is increased. Hence, the drain current is reduced
and the output voltage is increased. This electrical behavior
proves dynamic Vi, of the SFG transistor during switching.
The increased drain current caused by lowered Vy, can lead
to faster switching of the SFG transistor during the rising
edge. In Fig. 3(c), the cycle time of switching waveform is
reduced to 50 ps. Some oscillations are generated in the out-
put voltage because of the measurement equipments and the
output signal tends to be stable after oscillations. During the
rising edge, the output voltage decreases from 5 V to about
0 V when the input voltage increases from 0 V to 5 V.
In Fig. 3(c), the output voltage Vi (red-line) is slightly
rising from O V when Vj, is kept at 5 V. The SFG potential
changes slowly because the switching frequency is increased
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FIGURE 4. (a) The simulated device structure of the SFG transistor.
(b) Simulated transfer characteristics of the SFG transistor with different
Vcgp- (c) Dependence of the threshold voltage extracted from Fig. 4(b) on

Vege-

and the cycle time is shorter than the retention time of the
charge stored in the SFG region. In this case, dynamic Vi
will acclerate the switching operation. Hence, the full-swing
switching operation of the SFG transistor can be realized
and accelerated.

Moreover, the threshold voltage of SFG transistor can be
programmed utilizing writing-0 operation. The measurement
method is the same as that shown in Fig. 2 but the load resis-
tor is removed. The operating sequence in Fig. 3(d) is applied
to the SFG transistor. In the first 32 s, the control gate volt-
age (Vcg) is increased to a positive peak voltage (Vcgp) and
drain voltage (Vp) is fixed to 0 V so that electron carriers
flow into the SFG region and increase the threshold voltage
of the device. The operating sequence of the last 500 s
in Fig. 3(d) is set to measure the transfer characteristics
of SFG transistor with different Vcgp. The result is shown
in Fig. 3(e) where Vi, is extracted. The plot of Vi, versus
Vcgp in Fig. 3(f) shows that the change of Vi is almost
equal to that of Vcgp. Hence, Vi of SFG transistor can
be programmed by adjusting Vcgp. This Vip-programmable
behavior of the SFG transistor can be verified by simulation.
The simulated device structure of the SFG transistor is shown
in Fig. 4(a). The p-type doping SFG region is connected to
the drain terminal. The gate-oxide layer and the dielectric
layer between SFG and the control gate are 6-nm-thick SiO»
layers. The operating sequence applied to the simulated SFG
transistor is similar to that shown in Fig. 3(d). In the first
27 s, Vi of the device is programmed and the transfer
characteristics with different Vcgp are simulated in the last
200 ps. The dependence of Vi, on Vcgp in Fig. 4(c) is
extracted from the transfer characteristics in Fig. 4(b). It
also shows that Vi, of the device can be programmed to
increase linearly with Vcgp.
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FIGURE 5. (a) The simulated device structure of the enhancement-mode
GaN HEMT based on the SFG concept. (b) The switching circuit diagram
applying the SFG GaN HEMT.

B. APPLICATION OF Vry-PROGRAMMABLE BEHAVIOR
IN GAN HEMT

AlGaN/GaN HEMT has been widely investigated for its
promising power electronics applications but its normally-on
behavior makes the circuit design complex. The normally-off
AlGaN/GaN HEMT is strongly expected and many tech-
niques have been reported such as gate recess [7]-[9], p-type
gate [10]-[12] fluorine plasma ion implantation [13], [14],
and floating-gate device structure [15], [16]. In this work,
based on the Vy-programmable SFG transistor men-
tioned above, a SFG GaN HEMT device is proposed
and simulated to realize enhancement-mode device by
TCAD software. As shown in Fig. 5(a), the simulated
enhancement-mode SFG GaN HEMT structure is composed
of a GaN HEMT and a semi-floating gate. In the simulation,
a 2-um-thick GaN layer is stacked on the oxide substrate
and a 25-nm-thick Alg25Gag 75N layer is stacked on the
GaN layer. A 2-dimensional electron gas (2DEG) is formed
at the interface of AlGaN and GaN. The gate-oxide layer
and the dielectric layer between SFG and the control gate are
10-nm-thick SiN layers. The SFG region and control gate
are formed by gold. A Schottky diode is formed between
metal SFG and AlGaN with a 100-nm-wide hole of the gate-
oxide layer. The gate length is 1.1 pwm. The gate-source and
gate-drain distances are 1 and 5 pm, respectively. The equiv-
alent circuit of the device is shown as Fig. 1(c) where the
Schottky diode is put in between source electrode and SFG
region.

At the initial stage, the SFG GaN HEMT is a normally-on
device. However, its Vi, can be programmed to be a pos-
itive value so that the device becomes enhancement-mode.
As shown in Fig. 6(a), the first 3 ps is the programing
stage. During the programming operation, Vg is increased
to Vcgp and Vp is dropped to 0 V. In Fig. 6(a), the period
from 3 s to 6 ws is added to investigate the transfer charac-
teristics of the SFG GaN HEMT. Vg decreases from Vcgp
to 0 V while Vp is fixed to 10 V. The simulated transfer
characteristics of the SFG GaN HEMT with different Vcgp
are shown in Fig. 6(b). It can be seen that Vi, of the SFG
GaN HEMT increases from a negative value to a positive
value with the increasing Vcgp. Hence, enhancement-mode
SFG GaN HEMT is realized. The SFG potential (Vsgg) of
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FIGURE 6. (a) The simulated operating sequence of a SFG GaN HEMT to
program and measure the threshold voltage. (b) The simulated transfer
characteristics of the SFG GaN HEMT with different V¢gp. (c) Dependence
of the threshold voltage of the device extracted from Fig. 6(b) on V¢gp.
(d) The simulated output voltage and drain current of the SFG GaN HEMT
during the switching operation.

the device can be calculated by the following equation:

Vsrc = (VegCrpp + Q) /Crot (D

where Cyo is total SFG capacitance, Cipp is capacitance
between control gate electrode and SFG region, and Q is
the accumulated electron charge in the SFG region. During
the programing cycle, the SFG GaN HEMT is operated with
writing-0. When Vcgp is large enough, the Schottky diode of
the SFG-AlGaN junction is turned on so that electron carriers
flow into the SFG region. Although larger Vcgp should lead
to larger Vspg according to (1), injected electron charge
lowers Vspg so that the Schottky diode is gradually turned
off. Hence, the SFG potential of the device after writing-
0 operation (VsgG_o_w) is almost equal to the source voltage
(Vs) of writing-0 plus the turn-on voltage of the Schottky
diode (Von), which is shown as follows:

Vsrc_ow = Vs + Von = Von ()

where the source voltage is fixed to 0 V. Combing (1) and (2),
we can deduce that the injected electron charge Q is equal
to (CiotVon- CippVap) after the device is programmed. The
relationship between Vi, of the device and Q is

Vih = Vino — Q/Crpp,
Vih = Vino — CtotVon/Cipp + Vegp 3

where Vi, is initial threshold voltage of the device without
accumulated electron charge in the SFG region. According
to (3), Vin of the device increases linearly with Vcgp
shown in Fig. 6(c) so that Vi can be programmed and the
enhancement-mode SFG GaN HEMT can be realized.

The switching properties of the SFG GaN HEMT are
further studied by simulation and the switching circuit is
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shown in Fig. 5(b). The drain terminal of the device is
connected with a load resistor. The power supply voltage
Vpp is set to 400 V. The control gate voltage of the SFG
GaN HEMT is applied with the input voltage pulse which
varies between 0 V and 20 V. During the rising edge of the
input voltage, the SFG potential increases with increasing
control gate voltage according to (1). When the input voltage
is large enough, the Schottky diode is turned on so that
electrons flow into the SFG region and Vy, of the SFG GaN
HEMT is increased with increasing input voltage. According
to (3), Vi, of the device can reach the maximum value with
maximum Vj,. Hence, Vi, of the device can be programmed
to be a positive value by adjusting maximum Vj,. When input
voltage is decreased to 0 V in the falling period, the positive-
Vin SFG GaN HEMT is turned off so that the switching
operation is realized. The Schottky diode will be reverse
biased because of the accumulated electrons in the SFG
region according to (1) when the input voltage is small
enough in the falling period. The reverse current of the diode
charges the SFG region and Vi, of the SFG GaN HEMT
decreases very slowly. Moreover, Vy, of the SFG GaN HEMT
can be refreshed during the rising edge in every switching
pulse so that the positive Vi, can be maintained during the
whole switching period. It is shown in Fig. 6(d) that the
output voltage of the switching circuit changes between 0 V
and 400 V and the full-swing switching behavior is realized.
That means the SFG GaN HEMT has been programmed to
be enhancement-mode.

IV. CONCLUSION

In this paper, the dynamic threshold voltage of the SFG con-
cept is investigated in an inverter circuit. The mechanism of
dynamic Vi behavior in SFG transistor is studied. Based on
the dynamic Vi, behavior, the threshold voltage of SFG tran-
sistor can be programmed and then an enhancement-mode
SFG GaN HEMT is proposed by writing-0 into the SFG
region during every switching cycle. Its switching behavior
in a switching circuit using 400-V supply voltage is also
proven by simulation.

REFERENCES

[11 P-E Wang et al., “A semi-floating gate transistor for low-voltage
ultrafast memory and sensing operation,” Science, vol. 341, no. 6146,
pp. 640-643, Aug. 2013, doi: 10.1126/science.1240961.

[2] X. Lin et al, “Investigation of temperature dependence, device
scalability, and modeling of semifloating-gate transistor memory
cell,” IEEE Trans. Electron Devices, vol. 62, no. 4, pp. 1177-1183,
Apr. 2015, doi: 10.1109/TED.2015.2398457.

[3] S.-G. Zang et al., “Applications of tunneling FET in memory devices,”
in Proc. Int. Conf. Solid State Integr. Circuit Technol., Shanghai, China,
Nov. 2010, pp. 1238-1240, doi: 10.1109/ICSICT.2010.5667617.

[4] X.-Y. Liu et al, “A novel single-transistor APS and its
comparison with 3T CMOS image sensor,” in Proc. SPIE,
vol. 8255. San Francisco, CA, USA, Feb. 2012, Art. no. 825518,
doi: 10.1117/12.907186.

[51 Y. Wang, Z.-Q. Xiang, H.-F. Hu, and F Cao, “Feasibility
study of semifloating gate transistor gamma-ray dosimeter,” IEEE
Electron Device Lett., vol. 36, no. 2, pp. 99-101, Feb. 2015,
doi: 10.1109/LED.2014.2379674.

VOLUME 5, NO. 2, MARCH 2017



WU et al.: INVESTIGATION OF DYNAMIC THRESHOLD VOLTAGE BEHAVIOR IN SFG TRANSISTOR

ELECTRON DEVICES SOCIETY

(6]

(7]

(8]

(91

[10]

(11]

[12]

[13]

[14]

[15]

[16]

X.-Y. Liu et al., “Characterization and optimization of a single-
transistor active pixel image sensor with floating junction connected
to floating gate,” J. Sensors, vol. 2015, pp. 1-11, Apr. 2015,
doi: 10.1155/2015/167145.

W. Saito, Y. Takada, M. Kuraguchi, K. Tsuda, and I. Omura,
“Recessed-gate structure approach toward normally off high-voltage
AlGaN/GaN HEMT for power electronics applications,” IEEE
Trans. Electron Devices, vol. 53, no. 2, pp. 356-362, Feb. 2006,
doi: 10.1109/TED.2005.862708.

T. Oka and T. Nozawa, “AlGaN/GaN recessed MIS-gate HFET with
high-threshold-voltage normally-off operation for power electronics
applications,” IEEE Electron Device Lett., vol. 29, no. 7, pp. 668-670,
Jul. 2008, doi: 10.1109/LED.2008.2000607.

M. Kanamura et al., “Enhancement-mode GaN MIS-HEMTs with
n-GaN/i-AIN/n-GaN triple cap layer and high-k gate dielectrics,”
IEEE Electron Device Lett., vol. 31, no. 3, pp. 189-191, Mar. 2010,
doi: 10.1109/LED.2009.2039026.

I. Hwang et al., “1.6 kV, 2.9 mQ cm? normally-off p-GaN HEMT
device,” in Proc. 24th Int. Symp. Power Semicond. Devices, Bruges,
Belgium, Jun. 2012, pp. 4144, doi: 10.1109/ISPSD.2012.6229018.
M. Ishida, T. Ueda, T. Tanaka, and D. Ueda, “GaN on Si technologies
for power switching devices,” IEEE Trans. Electron Devices, vol. 60,
no. 10, pp. 3053-3059, Oct. 2013, doi: 10.1109/TED.2013.2268577.
S. L. Selvaraj, K. Nagai, and T. Egawa, “MOCVD grown normally-
OFF type AlGaN/GaN HEMTs on 4 inch Si using p-InGaN cap layer
with high breakdown,” in Proc. 68th DRC, South Bend, IN, USA,
Jun. 2010, pp. 135-136, doi: 10.1109/DRC.2010.5551874.

Y. Cai, Y. Zhou, K. M. Lau, and K. J. Chen, “Control of threshold
voltage of AlGaN/GaN HEMTs by fluoride-based plasma treat-
ment: From depletion mode to enhancement mode,” IEEE Trans.
Electron Devices, vol. 53, no. 9, pp.2207-2215, Sep. 2006,
doi: 10.1109/TED.2006.881054.

H. Mizuno, S. Kiahimoto, K. Maezawa, and T. Mizutani, “Quasi-
normally-off AlGaN/GaN HEMTs fabricated by fluoride-based
plasma treatment,” Phys. Status Solidi C, vol. 4, no. 7, pp. 2732-2735,
Jul. 2007, doi: 10.1002/pssc.200674859.

B. Lee et al., “Normally-off AlGaN/GaN-on-Si MOSHFETs with
TaN floating gates and ALD SiO2 tunnel dielectrics,” in Proc. IEEE
Int. Electron Devices Meeting, San Francisco, CA, USA, Dec. 2010,
pp. 20.6.1-20.6.4, doi: 10.1109/IEDM.2010.5703401.

F. Hasegawa et al, “Proposal and simulated results of a nor-
mally off AlGaN/GaN HFET structure with a charged floating
gate,” Phys. Status Solidi C, vol. 6, pp. S940-S943, Jun. 2009,
doi: 10.1002/pssc.200880775.

JUN WU is currently pursuing the Ph.D. degree
with the Department of Microelectronics, Fudan
University, Shanghai, China. His current research
interests include the research and fabrication of
novel image sensors and technologies.

LIN-QING ZHANG is currently pursuing
the Ph.D. degree with the Department of
Microelectronics, Fudan University, Shanghai,
China.

He is currently focused on the ohmic con-
tact formation in GaN high electron mobility
transistors.

VOLUME 5, NO. 2, MARCH 2017

YAO YAO received the B.S. degree from Fudan
University, Shanghai, China, in 2014, where he
is currently pursuing the Ph.D. degree with the
School of Microelectronics.

He is involved in the research and fabrication
of novel memory devices and technologies.

MIN-ZHI LIN received the M.S. degree from
Fudan University, Shanghai, China, in 2011, where
he is currently pursuing the Ph.D. degree with the
School of Microelectronics.

He is involved in the research and fabrication
of power devices and technologies.

ZHI-YUAN YE received the B.S. degree from
Fudan University, Shanghai, China, in 2014, where
he is currently pursuing the Ph.D. degree with the
School of Microelectronics.

He is involved in the research and fabrication
of power electronic devices and technologies.

PENG-FEI WANG received the B.S. and M.S.
degrees from Fudan University, Shanghai, China,
in 1998 and 2001, respectively, and the Ph.D.
degree from the Technical University of Munich,
Germany, in 2003.

He has been with the Memory Division,
Infineon Technologies AG, Dresden, Germany,
since 2004. He has been a Professor with Fudan
University since 2009.

121




<<
  /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
    /ZapfChancery-MediumItalic
    /ZapfDingBats
    /ZapfDingbatsITCbyBT-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 "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


