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Abstract — We propose the use of a resonant tunneling diode
(RTD) as a detector in terahertz wireless communications
systems. Comparing to the conventional Schottky-barrier diode
detector, the RTD is expected to provide about 30-dB increase in
the sensitivity due to its strong nonlinearity. We have
experimentally demonstrated an error-free wireless transmission
at a bit rate of 2 Gbit/s using the RTD at 300 GHz.

Index Terms —Resonant tunneling devices, Diodes, Detectors,
Wireless communication, Submillimeter wave communication.

1. INTRODUCTION

Recently, there has been an increasing interest in the
application of terahertz (THz) waves (0.1 THz~10 THz) to
the high-speed wireless communications [1]. In particular, the
use of frequencies above 275 GHz is one of the strong
concerns among radio scientists and engineers, because these
frequency bands have not yet allocated at specific
applications, and there is a possibility to employ extremely
large bandwidths for ultra-broadband wireless
communications.

300-GHz band wireless link at a bit rate of over 10 Gbit/s
has been reported, where a photonics-based transmitter and a
Schottky-barrier diode detector are used [2], [3]. To bring the
THz wireless communications technology to the consumer
marketplace, the development of transmitter based on
semiconductor electronic devices is urgently required. There
are various candidates for electronic THz emitters or
oscillators operating at room temperature such as tunnel
transit-time (TUNNET) diodes, impact ionization avalanche
transit-time (IMPATT) diodes, Gunn diodes, resonant
tunneling diodes (RTDs), and transistor-based oscillators [4].
Among them, the RTD has exhibited the highest oscillation
frequency at over 1 THz [5]. Mukai et al. recently introduced
the RTD oscillator in the 300-GHz band electronic
transmitter, and succeeded in the wireless transmission at 1.5
Gbit/s [6].

In addition to the application of RTDs to THz transmitters,
the RTD is expected to be employed as a detector in the THz
region due to its strong nonlinearity in the I-V characteristics.
In this paper, we discuss and experimentally verify the use of
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the RTD as a highly-sensitive detector in the 300-GHz band
wireless link. The device structure and characteristics are
shown in Section II. Section III describes the experimental
setup of the wireless transmission and the obtained results.
Finally, we compare the sensitivity of RTD detector with that
of commercially available Schottky barrier diode detector in
Section IV.

II. STRUCTURE AND CHARACTERISTICS OF RTD

Figure 1 shows an antenna integrated RTD device and a
layer structure of the RTD. The RTD is integrated with a
tapered slot antenna on InP substrate. This RTD chip is 3 mm
long, 1.5 mm wide and 0.7 mm thick. The gain of the antenna
is 10 dB. The RTD has a quantum well between two
heterobarriers. Due to the potential well, the I-V
characteristic of RTDs has a negative differential resistance
(NDR) region [7].

The I-V characteristic of the RTD fabricated is shown in
Fig. 2. This characteristic is before depositing a bismuth film
which is connected between anode and cathode electrodes to
suppress a parasitic oscillation at 2-3 GHz formed by external
circuits including DC bias line. The NDR region can be seen
between about 0.5 V and 0.8 V or between about -0.2 V and -
0.4 V. The RTD device acts as an oscillator when biased in
the NDR region [7].

Even when the RTD is biased in the normal resistance
region outside the NDR, it still shows a strong nonlinearity as
shown in Fig. 2. This nonlinearity is expected to be useful
for a square-law detection. The output current, /(V), is
approximated by
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where a is an amplitude of the input voltage, d’I/dV’ is the
second derivatives of the I-V characteristic at a bias point, V,

[8].
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From Eq. (1), the calculated sensitivity (intrinsic response)
of the RTD with I-V characteristic of Fig. 2 is about 30 dB
larger than that of conventional Schottky barrier diode.
Usually, highest sensitivity is obtained when the RTD is
biased close to the peaks of the NDR region, A and B, as
indicated in Fig. 2.
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Fig.2.  The I-V characteristic of the RTD. Solid circles are bias
points for the oscillator operation, and open circles for the detector
operation.

Figure 3 shows a schematic of the packaged receiver. The
RTD device is mounted on a coplanar line (CPW) fixture
with a coaxial connector. By using a bias-T, DC voltage is
applied to the RTD, and the output signal is extracted through
the same CPW. The RTD chip and the CPW are connected by
wire bonding.

The antenna directionality of this receiver is almost
perpendicular to the surface of InP substrate as shown in Fig.
3. This is because the relative dielectric constant of the InP
substrate is 12.1 and then the electromagnetic wave is
gravitated into the thick substrate. Approximately 97% of the
total output power is radiated toward the substrate in the case
of oscillator [9].
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Fig.3.  Structure of the packaged receiver using the RTD chip.
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Fig. 4. Block diagram of 300-GHz band wireless link using the

RTD as a detector. The transmitter is based on the photonic
generation of THz signals using a photomixing technique.
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III. WIRELESS TRANSMISSION EXPERIMENTS

The experimental setup for the wireless transmission is
shown in Fig. 4. In the transmitter, first the sinusoidally
intensity-modulated optical signal at 300 GHz is generated by
using two sets of wavelength tunable lasers with a
wavelength difference of 2.4 nm, which corresponds to 300
GHz. Then, the optical signal is ON-OFF modulated with the
optical intensity modulator, which is driven by the pulse
pattern generator at a bit rate of >1 Gbit/s. Finally, the
optical signal is converted to THz signal by the ultrafast
photodiode [10].

In the RTD receiver, the detected THz signal is
demodulated by the envelope detection, and the demodulated
signal is amplified and reshaped by a pre-amplifier and a
limiting amplifier, respectively.

In the experiment, we used two dielectric (Teflon) lenses
for the transmitter and receiver to collimate and focus THz
waves. The transmission distance was set to about 0.3 m,
which is limited by the size of table on which components are
placed.

Figure 5 shows the eye diagram at a bit rate of 1.5 Gbit/s,
when the DC bias point was set to A in Fig. 2, typically 0.18
V. The output power from the transmitter was less than a few
UW. The measured bit error rate (BER) was less than 10", or
an error free performance was confirmed. On the other hand,
when the DC bias was set to B in Fig. 2, the obtained eye
diagram became deteriorated, and the BER increased. This
may be attributed to the increase of voltage/current noise with
higher DC bias voltage.

Fig.5. The demodulated eye diagram at a bit rate of 1.5 Gbit/s
with a carrier frequency of 300 GHz when the transmission distance
is 0.3 m.

Figure 6 shows a relationship between the data rate and

BER. An error-free transmission was achieved below 2 Gbit/s.

This result is attributed to a bandwidth limitation of the pre-
amplifier, which is around 1 GHz. So, the increase in the bit
rate up to 10 Gbit/s will be feasible by increasing the
bandwidth of the amplifier.
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Fig. 6. Dependence of BER on the data rate.

IV. COMPARISON WITH SCHOTTKY BARRIER DIODES

We compared our RTD detector with a conventional
Schottky barrier diodes (SBD) detector to show a superior
performance of the RTD detector with respect of sensitivity.
The SBD detector used is commercial one (WR2.8ZBD) from
Virginia Diode Inc. The SBD detector was assembled with a
diagonal horn antenna with a gain of 25 dB. In this
experiment, we removed dielectric lenses (Fig.4), and the
horn antenna and the RTD detector were placed closer (a few
mm).

Figure 7 (a) compares the sensitivity between RTD and
SBD detectors at a bit rate of 1.5 Gbit/s by measuring output
voltages at the output port of the preamplifier.

As shown in Fig. 7 (a), the sensitivity of the RTD detector
is higher (up to 12 dB) than that of the SBD under the
transmitter power of 5 UW. Above 5 uW, the output of the
pre-amplifier saturates to 2 V. The sensitivity of the RTD
itself estimated from the DC I-V curve is about 30 dB higher
than that of the SBD. However, the antenna gain of the RTD
detector is about 15 dB lower than that of the SBD. We can
estimate the signal loss of about 4 dB in the packaged RTD
detector, particularly by the impedance mismatch at the wire
bonding between the RTD chip and the CPW substrate (Fig.
3). This power loss of the RTD was experimentally evaluated
by the time domain reflectometry.

Table I summarizes the comparison between the RTD and
SBD detectors with respect to antenna gain, sensitivity and
loss. Considering these values, the difference in sensitivity is
calculated to be 11 dB, which is in good agreement with the
experimental one. It must be added that our antenna-
integrated RTD detector is more compact and cost-effective.
The packaged RTD has the sizes 20 X 10 X 8 mm, and the
SBD has the size 44 X 32 X 20 mm.

Finally, we compare the relationship between the
transmitter power and the BER for the RTD and SBD
detectors in Fig. 7 (b). As expected, the RTD detector
requires less transmitter power than the SBD detector above
BER = 10", But, the required transmitter power is almost the
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same for the error-free (BER = 10™"') condition. This may be
caused by the signal deterioration due to the parasitic
oscillation and impedance mismatch in the RTD detector. In
general, the BER becomes very sensitive to the signal
distortion as it approaches an error-free condition of less than
10,
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Fig.7. Comparison of output voltages from a pre-amplifier (a),

and BER characteristics (b) between RTD and SBD detectors.

V. CONCLUSION

We have demonstrated a wireless transmission at 300 GHz
using the RTD as a detector. An error-free transmission up to
2 Gbit/s has been confirmed. In addition, we compared the
sensitivity of the RTD detector integrated with a planar
antenna to the commercially available Schottky barrier diode
detector, and confirmed that the total responsivity of our RTD
detector with a low-gain (10-dB) antenna was higher than that
of the SBD with a high-gain (25-dB) horn antenna.

Future work addresses comparison of NEP with SBD,
higher bit-rate detection and the wireless communication
using the RTDs for both a transmitter and a receiver. If this is
realized, it is expected that a half-duplex communication
using one RTD chip will be realized.

ACKNOWLEDGEMENT

The authors wish to acknowledge Drs. K. Ajito, N.
Kukutsu, H. -J. Song and A. Wakatsuki for their advice and
comments. This work was supported in part by the JST-ANR
WITH program.

REFERENCES

”

[1] M. Tonouchi, “Cutting-edge terahertz technology,” Nature
Photonics, vol. 1, no. 2, pp. 97-105, February 2007.

[2] T. Nagatsuma, H. —J.Song, Y. Fujimoto, A. Hirata, K. Miyake,
K. Ajito, A. Wakatuki, T. Furuta, and N. Kukutsu, “Giga-bit
wireless link using 300-400 GHz bands,” IEEE International
Topical Meeting on Microwave Photonics 2009, Th.2.3,
Valencia, 2009.

[3] H.-J. Song, K. Ajito, A. Wakatsuki, Y. Muramoto, N. Kukutsu,
T. Nagatsuma, and Y. Kado, “Terahertz-wave wireless
communications link at 300 GHz,” Tech. Dig. Optical
Terahertz Science and Technology 2011 Meeting, MF42, Santa
Barbara, 2011.

[4] M. Shur, “Terahertz Electronics,” CS MANTECH Conference,
Chicago, Illinois, April, 2008.

[51 S. Suzuki, M. Asada, A. Teranishi, H Sugiyama and H.
Yokoyama, “Fundamental oscillation of resonant tunneling
diodes above 1 THz at room temperature,” Applied Physics
Letters, vol. 97, no. 24, pp. 242102-242102-3, December 2010.

[6] T.Mukai, M. Kawamura, T. Takada, and T. Nagatsuma, “1.5-
Gbps wireless transmission using resonant tunneling diodes at
300 GHz,” Tech. Dig. Optical Terahertz Science and
Technology 2011 Meeting, MF42, Santa Barbara, 2011.

[71 M. Asada, S. Suzuki, and N. Kishimoto, “Resonant tunneling
diodes for sub-terahertz and terahertz oscillators,” Jpn. J. Appl.

TABLE I
COMPARISON OF PERFORMANCES
SBD RTD
Antenna Gain (dB) 25 10

Relative Intrinsic Detector 0 ~30

Sensitivity (dB) (reference)
Power Loss (dB) NA ~-4
Experimental Detector 0 <12

Sensitivity (dB) (reference)

8]

(9]

Phys., vol. 47, no. 6, pp. 4375-4384, 2008.

G. H. Rieke, “Visible and infrared coherent receivers,” in
Detection of light: from the ultraviolet to the submillimeter, 2nd
ed. Cambridge, United Kingdom: Cambridge University Press,
ch. 10, sec. 1, pp. 275-279, 2003.

T. Mukai, M. Asada, S. Suzuki, K. Urayama, “Terahertz
oscillation device,” United States Patent, no. 7,898,348, March
2011.

[10] T. Ishibashi, N. Shimizu, S. Kodama, H. Ito, T. Nagatsuma, and

1125

T.Furuta, “Uni-traveling-carrier  photodiodes,”  Ultrafast
Electronics and Optoelectronics, Nevada, March 17, 1997.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMedium-Italic
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /AntiqueOlive
    /AntiqueOlive-Bold
    /AntiqueOlive-Italic
    /AnywhereButHome
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /ArialBlackForCAE
    /ArialBlackForCAE-Italic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /ArialForCAE
    /ArialForCAE-Bold
    /ArialForCAE-BoldItalic
    /ArialForCAE-Italic
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrowForCAE
    /ArialNarrowForCAE-Bold
    /ArialNarrowForCAE-BoldItalic
    /ArialNarrowForCAE-Italic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /Burton'sNightmare
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier10PitchBT-Bold
    /Courier10PitchBT-BoldItalic
    /Courier10PitchBT-Italic
    /Courier10PitchBT-Roman
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /Ebrima
    /Ebrima-Bold
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAExtended
    /OCRAStd
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Swiss721BT-Bold
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-Roman
    /Sylfaen
    /SymbolMonospacedBT-Regular
    /SymbolProportionalBT-Regular
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversLightCondensed
    /UniversLightCondensed-Italic
    /Univers-Medium
    /Univers-MediumItalic
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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


