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High-Speed EA-DFB Laser for 40-G and 100-Gbps
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SUMMARY We have developed a high-speed electroabsorption mod-
ulator integrated distributed feedback (EA/DFB) lasers. Transmission per-
formance over 10 km was investigated under 25 Gbps and 43 Gbps mod-
ulation. In addition, the feasibility of wide temperature range opera-
tion was also investigated. An uncooled EA/DFB laser can contribute
to the realization of low-power-consumption, small-footprint and cost-
effective transceiver module. In this study, we used the temperature-tolerant
InGaAlAs materials in an EA modulator. A wide temperature ranged
12 km transmission with over 9.6 dB dynamic extinction ratio was demon-
strated under 25 Gbps modulation. A 43 Gbps 10 km transmission was also
demonstrated. The laser achieved a clear, opened eye diagram with a dy-
namic extinction ratio over 7 dB from 25◦C to 85◦C. The modulated out-
put power was more than +2.9 dBm even at 85◦C. These devices are suit-
able for next-generation, high-speed network systems, such as 40 Gbps and
100 Gbps Ethernet.
key words: electro absorption modulator, EA, DFB laser, uncooled, In-
GaAlAs, Ethernet, 40 Gbps, 100 Gbps

1. Introduction

An electroabsorption modulator integrated distributed feed-
back (EA/DFB) laser has several advantageous features of
high speed, low chirp, low power consumption, and com-
pactness. 1.55 μm range EA/DFB lasers are now mainly
used for 10 Gbps intermediate-reach (IR: 40 km), long-reach
(LR: 80 km) categories for MAN/WAN applications and
40 Gbps very-short-reach (VSR: 2 km) application. Re-
cently, because of the explosive increase of data traffic due
to the world wide spread of broadband services, upgrades
of network equipment has become essential and the stan-
dardization of next generation high speed network, e.g.
100 Gbps and 40 Gbps Ethernet is in progress [1]. The ultra-
high-speed 1.3 μm range EA/DFB laser is regarded as the
promising candidate for the next-generation high-speed net-
work standard. A 1.3 μm range, 25 Gbps 4 channel wave-
length division multiplexing (WDM) scheme is suitable for
cost-effective 100 Gbit Ethernet client side technology, and
40 Gbps EA/DFB laser is considered as the cost-effective
solution for 40 Gbps Ethernet. Because of the low chirp and
small fiber dispersion compared to the 1.55 μm range, it can
be expected that this device can transmit a high-speed signal
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over 10 km single-mode fiber (SMF).
In addition, the power consumption of network equip-

ment becomes a critical issue and the reduction of power
consumption is one of the most important keys for recent
optical devices. For effective power reduction of EA/DFB
laser modules, a peltiert device free operation is strongly
desired like the case of uncooled directly-modulated laser.
However, uncooled operation of EA/DFB lasers has been
highly challenging because the devices are very sensitive to
the change of operating temperature. That is to say the tem-
perature sensitivity of the EA absorption peak wavelength
(λEA) is about six or seven times larger than that of the DFB
lasing wavelength (λDFB). This causes a large variation in
the wavelength detuning (the difference between λDFB and
λEA), which is a key parameter that dominates the modu-
lation performances such as extinction ratio, chirping and
output power. To overcome this problem, a new voltage off-
set method was proposed [2]. By adjusting the bias volt-
age of the EA modulator along with temperature variation,
the wavelength detuning and the modulation performances
could be maintained at almost same level over wide temper-
ature range. Some other attempts have also been made to
achieve an uncooled EA modulator of EA/DFB laser [3]–
[6]. We have investigated an InGaAlAs EA modulator and
butt joint integration of optical components and also devel-
oped a specialized manufacturing technique. Due to the
temperature-tolerant characteristics of InGaAlAs material
and monolithic integration of individually optimized opti-
cal components, we have achieved 1.55 μm range 10 Gbps
40 km and 80 km SMF transmission over wide temperature
range [7]–[9].

In this paper, we demonstrated uncooled 1.3 μm range
25 Gbps and 40 Gbps EA/DFB lasers as light source for
100 Gbps, 40 Gbps Ethernet 10 km SMF specifications. To
achieve the uncooled operation of 1.3μm range EA/DFB
laser, we used a temperature-tolerant InGaAlAs EA mod-
ulator and butt joint integration technique, as same as a
1.55 μm range application. By using these technologies,
25.8 Gbps 12 km SMF transmission over a wide tempera-
ture range from 0◦C to 85◦C with over 9.6 dB of dynamic
extinction ratio was successfully achieved [10]. In addition,
we developed an uncooled 1.3 μm range 40 Gbps EA/DFB
laser. This laser demonstrated a 43 Gbps 10 km SMF trans-
mission over a wide temperature range for the first time [11].
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2. Device Structure and Fabrication

For high speed modulation over 25 Gbps, a low-RC-time
constant structure is required for an EA modulator. To re-
duce junction capacitance, a thick undoped layer and a short
modulator length are effective. However, excessively thick
undoped layer requires high modulation amplitude voltage.
And, a too short modulator length can result in an insuffi-
cient extinction ratio and increase of resistance of the EA
modulator. Firstly, we designed the undoped layer thickness
and modulator length in order to realize the low-RC-time
constant, then optimized the multi quantum well (MQW)
structure to strike a balance between the high frequency
bandwidth and practical modulation performances. In this
study, 60 nm thick undoped bulk layer was inserted in be-
tween p-InP cladding layer and multi quantum well (MQW)
to reduce the junction capacitance in expectation of diffu-
sion of p-type dopant during the fabrication process. In ad-
dition, we adopted the low parasitic capacitance structure
based 40 Gbps EA/DFB laser.

Figure 1 shows the schematic structure of an uncooled
EA/DFB laser. The device consists of a 100-μm-long In-
GaAlAs EA modulator, a 400-μm-long DFB laser, and a
60-μm-long bridge waveguide (WG) in between. All com-
ponents were grown by metalorganic vapor phase epitaxy
(MOVPE) and monolithically integrated on an n-InP sub-
strate. The temperature-tolerant characteristics of the In-
GaAlAs material are based on its advantageous band struc-
ture, a larger conduction band offset combined with a
smaller valence band offset than the conventional InGaAsP
materials [12], [13]. Based on this superior band structure,
substantial improvement is expected in the trade-off rela-
tionship among extinction ratio, chirp and output power han-
dling capability of the EA modulator [14]. In this study, con-
duction band offset is set to be over 200 meV in order to re-
alize the large extinction ratio over wide temperature range.
In addition, the optical confinement factor of EA MQW is
designed to be over 30% by adjusting the number and thick-
ness of MQW.

The device structure was fabricated using a multistep
butt joint etching/regrowth technique [15], [16]. By apply-
ing this technique, we could optimize each optical compo-
nent independently, and it is essential to realize a practi-
cal performance of both EA modulator and DFB laser over

Fig. 1 Schematic structure of EA/DFB laser.

wide temperature range. A grating structure was formed
only DFB laser section. A p-InP cladding layer was then
grown on the entire structure. The wafer was processed into
a low parasitic capacitance structure with a small-area bond-
ing pad at the EA modulator for high-speed modulation.
Highly reflective coating film and an anti-reflective coating
film were deposited on the facet at the end of the DFB laser
and on the front of the EA modulator, respectively. The chip
was die bonded on a chip carrier with a 50Ω terminal resis-
tor.

3. Device Performance

The typical lasing spectra of EA/DFB lasers at 0◦C, 25◦C,
55◦C and 85◦C are shown in Fig. 2. The lasing wavelength
is designed to be 1290 nm at 55◦C. Wavelength variation
between 0◦C and 85◦C was about 7 nm. Stable single-mode
operations with over 40 dB of sub-mode suppression ratio
(SMSR) were obtained for all operating temperatures. Fig-
ure 3 plots the static extinction ratio (SER) characteristics at
25◦C, 55◦C and 85◦C.

By reflecting the ideal band structure of InGaAlAs ma-
terial and carefully optimized quantum-well design, wave-
length detuning, and modulator length, we were able to ob-
tain over 20 dB SER at −4 V EA bias voltage. Figure 4 plots
the E/O response (S21) of uncooled EA/DFB laser at 25◦C.
Over 30 GHz 3-dB frequency bandwidth was observed. The
measured total capacitance of EA modulator was 0.18 pF,
and it was also estimated that the contribution ratio of para-
sitic capacitance was about 50%.

Figure 5 shows non-filtered eye diagrams obtained un-

Fig. 2 Typical lasing spectra of EA/DFB laser.

Fig. 3 Static extinction ratio characteristics.
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Fig. 4 E/O response at 25◦C.

Fig. 5 25.8 Gbps eye diagrams before and after 12 km SMF
transmission.

der 25.8 Gbps modulation at (a) 0◦C and (b) 85◦C. In this
measurement, the device is packaged in a conventional but-
terfly module. Modulation amplitude voltage was applied
from pulse pattern generator and bias voltage was applied
from DC power supply via bias-tee. Proper bias voltage
was applied at various operating temperature to obtain al-
most 50% of optical cross point and good modulation per-
formances. We used a non-return to zero, 231 − 1 pseudo-
random bit stream. The upper pictures are back-to-back, and
the lower pictures are after a 12 km normal SMF transmis-
sion. As shown in these pictures, clearly opened eye dia-
grams were obtained at all operating conditions. The modu-
lation amplitude voltage was below 2.5 V and the maximum
bias voltage at 0◦C was −1.5 V. The measured dynamic ex-
tinction ratios (DER) were 9.9 dB and 9.6 dB at 0◦C and
85◦C.

The modulation performances at various operating
temperatures are plotted in Fig. 6. As shown in this figure,
we obtained a high DER of more than 9.6 dB over wide tem-
perature range.

Figure 7 shows a non-filtered eye diagram under
43 Gbps modulation at (a) 25◦C and (b) 85◦C. 43 Gbps, non-
return to zero, 27 − 1 pseudo-random bit stream was used.
In this measurement, modulation performances were inves-
tigated by chip on carrier. Because of the dew condensation
at low temperatures, the lowest measurement temperature
was limited at 25◦C. The modulation amplitude voltage of
2.2 V was used at all operating temperatures. The upper pic-

Fig. 6 25.8 Gbps modulation performances over wide temperature.

Fig. 7 43 Gbps eye diagrams before and after 10 km SMF transmission.

Fig. 8 43 Gbps modulation performances over wide temperature.

tures represent back-to-back, and lower pictures represent
after 10 km SMF transmission. The eye diagrams are clearly
open both before and after 10 km transmission.

Figure 8 plots DER and bias voltage at various op-
eration temperatures. The DER is over 7 dB over a wide
temperature range. Optimized bias voltage has almost lin-
ear temperature dependence. To the best of our knowledge,
this is the first demonstration of 43 Gbps 10 km transmission
over a wide temperature range by 1.3 μm EA/DFB lasers.

4. Conclusion

A 1.3 μm range uncooled 25 Gbps EA/DFB laser was
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demonstrated. By using an InGaAlAs EA modulator with
butt joint integration technology, a 25.8 Gbps, 12 km SMF
transmission with over 9.6 dB DER was demonstrated over
a wide temperature range from 0◦C to 85◦C. A 1.3 μm range
43 Gbps uncooled EA/DFB laser was also demonstrated.
This laser demonstrated 43 Gbps 10 km SMF transmission
with over 7 dB DER over wide temperature range for the
first time. Moreover, it was confirmed that the 1.3μm
range EA/DFB laser demonstrates clear opened eye dia-
grams before and after 10 km SMF transmission. These per-
formances indicate the feasibility of a small-footprint, low-
power-consumption and cost-effective light source for next-
generation high-speed network systems.

References

[1] http://www.ieee802.org/3/ba/, IEEE P802.3ba 40 Gb/s and 100 Gb/s
Ethernet Task Force.

[2] M.R. Gokhale, P.V. Studenkov, J. Ueng-Mchale, J. Thomson, J. Yao,
and J. van Saders, “Uncooled, 10 Gb/s 1310 nm electroabsorption
modulated laser,” Optical Fiber Communication Conference 2003,
PD42, March 2003.

[3] H. Debregeas-Sillard, M. Le Pallec, J.-G. Provost, D. Carpentier,
and Ch. Kazmierski, “Low-cost coolerless integrated laser-
modulator for 10 Gbit/s transmissions at 1.5 μm,” Electron. Lett.,
vol.40, no.21, pp.1367–1369, Oct. 2004.

[4] N.C. Frateschi, J. Zhang, W.J. Choi, H. Gebretsadik, R.
Jambunathan, and A.E. Bond, “High performance uncooled C-band,
10 Gbit/s InGaAlAs MQW electroabsorption modulator integrated
to semiconductor amplifier inlaser-integrated modules,” Electron.
Lett., vol.40, no.2, pp.140–141, Jan. 2004.

[5] K. Yashiki, K. Kato, H. Chida, K. Tsuruoka, R. Kobayashi, S. Sudo,
K. Sato, and K. Kudo, “10-Gb/s 23-km penalty-free operation of
1310-nm uncooled EML with semi-insulating BH structure,” IEEE
Photonics Technol. Lett., vol.18, no.1, pp.109–111, Jan. 2006.

[6] H. Arimoto, J. Shimizu, M. Shirai, and M. Aoki, “Wide temperature
range, from 0 to 85◦C, operation of a 1.55 μm, 40 Gbit/s InGaAlAs
electro-absorption optical modulator,” Electron. Lett., vol.41, no.1,
pp.35–37, 2005.

[7] S. Makino, K. Shinoda, T. Kitatani, T. Tsuchiya, M. Aoki, N.
Sasada, K. Uchida, K. Naoe, and K. Uomi, “Wide temperature range
(0 to 85◦C), 40-km SMF transmission of a 1.55-μm 10-Gbit/s In-
GaAlAs electroabsorption modulator integrated DFB laser,” Optical
Fiber Communication Conference 2005, PDP14, March 2005.

[8] S. Makino, K. Shinoda, T. Shiota, T. Kitatani, T. Fukamachi, M.
Aoki, N. Sasada, K. Uchida, K. Naoe, and H. Inoue, “Wide tem-
perature (15◦C to 95◦C), 80-km SMF transmission of a 1.55-μm,
10-Gbit/s InGaAlAs electroabsorption modulator integrated DFB
laser,” Optical Fiber Communication Conference 2007, OMS1,
March 2007.

[9] N. Sasada, K. Naoe, Y. Sakuma, K. Okamoto, R. Washino, D.
Nakai, K. Motoda, S. Makino, K. Shinoda, T. Shiota, T. Kitatani, T.
Fukamachi, and M. Aoki, “Un-cooled operation (10◦C to 85◦C) of a
10.7-Gbit/s 1.55-μm electro electroabsorption modulator integrated
DFB laser for 40-km transmission,” 33rd European Conference on
Optical Communication, We8.1.5, Sept. 2007.

[10] S. Makino, H. Hayashi, K. Shinoda, T. Kitatani, T. Shiota, S. Tanaka,
M. Aoki, N. Sasada, K. Naoe, S. Yamauchi, M. Shishikura, T.
Hatano, M. Morohashi, and H. Inoue, “Uncooled CWDM 25-Gbps
EA/DFB lasers for cost-effective 100-Gbps Ethernet transceiver over
10-km SMF transmission,” Optical Fiber Communication Confer-
ence 2008, PDP21, Feb. 2008.

[11] H. Hayashi, S. Makino, T. Kitatani, T. Shiota, K. Shinoda, S. Tanaka,
M. Aoki, N. Sasada, and K. Naoe, “A first uncooled (25 to 85◦C)

43-Gbps lightsource based on InGaAlAs EA/DFB laser technol-
ogy,” 26th European Conference on Optical Communication 2008,
We.3.C.3, Sept. 2008.

[12] C.E. Zah, R. Bhat, B.N. Pathak, F. Favire, W. Lin, M.C. Wang,
N.C. Andreadakis, D.M. Hwang, M.A. Koza, T.P. Lee, Z. Wang,
D. Darby, D. Flanders, and J.J. Hsieh, “High-performance uncooled
1.3-μm AlxGayIn1−x−yAs/InP strained-layer quantum-well lasers for
subscriber loop applications,” IEEE J. Quantum Electron., vol.30,
no.2, pp.511–523, Feb. 1994.

[13] M. Aoki, T. Sudo, T. Tsuchiya, D. Takemoto, and S. Tsuji, “85◦C
−10 Gbit/s operation of 1.3-μm InGaAlAs-MQW-DFB laser,” 26th
European Conference on Optical Communication 2000, vol.1, paper
3.3.1, pp.123–124, Sept. 2000.

[14] J. Shimizu, M. Aoki, T. Tsuchiya, M. Shirai, A. Taike, T.
Ohtoshi, and S. Tsuji, “Advantages of optical modulators with In-
GaAlAs/InGaAlAs MQW structure,” Electron. Lett., vol.38, no.15,
pp.821–822, July 2002.

[15] T. Tsuchiya, D. Takemoto, A. Taike, M. Aoki, and K. Uomi, “Large
number of periods in highly strained InGaAlAs/InGaAlAs MQW
structures grown by metalorganic vapor-phase epitaxy,” 11th Int.
Conf. Indium Phosphide and Related Materials 1999, pp.47–50,
May 1999.

[16] T. Kitatani, K. Shinoda, T. Tsuchiya, H. Sato, K. Ouchi, H.
Uchiyama, S. Tsuji, and M. Aoki, “Evaluation of the optical-
coupling efficiency of InGaAlAs-InGaAsP butt joint using a novel
multiple butt-jointed laser,” IEEE Photonics Technol. Lett., vol.17,
no.6, pp.1148–1150, June 2005.

Shigeki Makino received the B.E., M.E.
and Ph.D. degrees in physical electronics from
Tokyo Institute of Technology, Tokyo, in 1998,
2000 and 2003, respectively. In 2003, he
joined the Central Research Laboratory, Hitachi
Ltd., Tokyo, Japan, where he has been engaged
in research and development on semiconductor
lasers for telecommunications/data communica-
tions. Dr. Makino is a member of the Japan So-
ciety of Applied Physics.

Kazunori Shinoda received the B.S. and
M.S. degrees from Keio University, Yokohama,
Japan, in 1991 and 1993, respectively. 1993, he
joined the Central Research Laboratory, Hitachi
Ltd., Tokyo, Japan, where he has been engaged
in research and development on semiconductor
lasers and related integration technology. Mr.
Shinoda is a member of the Japan Society of Ap-
plied Physics.

Takeshi Kitatani received the B.E., M.E.,
and Ph.D. degrees in material engineering from
the University of Tsukuba, Ibaraki, Japan, in
1990, 1992, and 2000, respectively. In 1992,
he joined Hitachi Research Laboratory, Hitachi
Ltd., where he has been engaged in research
and development of high-efficiency solar cells
and optoelectronics devices. He is now involved
in research and development of semiconductor
lasers. Dr. Kitatani is a member of the Japan
Society of Applied Physics.



MAKINO et al.: HIGH-SPEED EA-DFB LASER FOR 40-G AND 100-GBPS
941

Hiroaki Hayashi received the B.E. and
M.E. degrees in Electrical Electronics Engineer-
ing from Sophia University in 2005 and 2007,
respectively. In 2007, he joined the Central Re-
search Laboratory, Hitachi Ltd., Tokyo, Japan,
where he has been engaged in research and de-
velopment on semiconductor lasers for telecom-
munications/data communications. Mr. Hayashi
is a member of the Japan Society of Applied
Physics.

Takashi Shiota received the degree from
Tadotsu Technical High School, Kagawa, Japan,
in 1992. In 1992, he joined the Central Research
Laboratory, Hitachi Ltd., where he has been en-
gaged in research and development of process
technology for III-V compound semiconductor
devices. He is now involved in research and de-
velopment of semiconductor lasers. Mr. Shiota
is a member of the Japan Society of Applied
Physics.

Shigehisa Tanaka received the B.E. and
M.E. degrees in Electrical Engineering from
Kyoto University, Kyoto, in 1987 and 1989, re-
spectively. In 1989, he joined the Central Re-
search Laboratory, Hitachi Ltd., Tokyo, Japan,
where he has been engaged in research and
development on optical devices for telecom-
munications/data communications. Mr. Tanaka
is a member of the Japan Society of Applied
Physics, the Japanese Association for Crys-
tal Growth and the Spectroscopical Society of

Japan.

Masahiro Aoki received the B.E., M.E.
and Ph.D. degrees in physical electronics from
Tokyo Institute of Technology, Tokyo, in 1987,
1989 and 1999, respectively. In 1989, he
joined the Central Research Laboratory, Hitachi,
Ltd., Tokyo, where he has been engaged in the
research, development and commercialization
of semiconductor lasers and related integration
technologies for telecommunications/data com-
munications, information, and industry applica-
tions. From 2006 he has been heading nano-

electronics R&D team and his interest extends to new material, new func-
tional devices and subsystems such as organic electronics, power electron-
ics and MEMS. Dr. Aoki is a member of the Japan Society of Applied
Physics. He received the Best Paper Awards each from the 3rd Opto-
electronics Conference in 1990, Second Optoelectronics and Communica-
tion Conference in 1997, and Seventh Optoelectronics and Communication
Conference in 2004. He also received the Scientific Encouragement Award
in 1994, the Excellent Paper Award in 1995 and the achievement award
in 2007 all from IEICE, the R&D100 Award in 1996, and the IPRM 10th
Anniversary Paper Award in 1998 from IEEE/Lasers and Electro-Optics
Society.

Noriko Sasada received the B.S. and M.S.
degrees in science from Shinshu University,
Nagano, Japan in 1996 and 1998, respectively
and Ph.D. degrees in science from Hokkaido
University, Hokkaido, Japan in 2001. In 2001,
she joined Opnext Japan, Inc., where she was
engaged in the research and development of
high-speed optical devices for optical telecom-
munications.

Kazuhiko Naoe received the B.S., and M.S.
degrees in Physics from Tsukuba University,
Ibaraki, Japan in 1992, 1994, respectively. He
joined the Fiber Optics Division, Hitachi Ltd.,
Yokohama, Japan, in 1994. In 2001, he moved
to Opnext Japan, Inc., where he engaged in the
research and development of optical devices for
optical communications.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /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 true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /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 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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


