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Abstract—Photonic devices monolithically integrated with
nanoscale electronic signal processing circuitry in silicon are
emerging as a disruptive technology to reduce cost and improve
optical system integration and performance. Silicon heterojunc-
tion bipolar transistor (HBT)-based carrier injection electroab-
sorption modulators (EAMs) implemented in a commercial silicon
process have several merits, including high speed, low power, low
driving voltage, small footprint, and high modulation efficiency. A
low-power high-speed optical transmitter driver module has been
realized in a 130-nm SiGe BiCMOS process for an HBT-based
carrier-injection-type modulator. The transmitter consists of a
monolithic 27 − 1 pseudorandom bit sequence generator and a
driver circuit with digitally tuned preemphasis strength. With
1.5-V power supply, the transmitter circuit consumes 44.5 mW at
an operating speed of 6 Gb/s.

Index Terms—Carrier injection electroabsorption modulator
(EAM), low power, monolithic, optical transmitter, preempha-
sis, pseudorandom bit sequence (PRBS), SiGe BiCMOS, silicon
photonics.

I. INTRODUCTION

EVER increasing data rate demands for high-performance
computers and data centers have accelerated the need

for interchip input–output (I/O) supporting speeds beyond
100 GB/s. Optical interconnect, which has much less dominant
frequency-related loss, is favored over electrical interconnect
for terascale computing applications [1]. Silicon photonics
has rapidly developed over the past two decades, producing
monolithically integrated photonic devices and electronic VLSI
systems to realize cost-effective building blocks for optical
interconnects.

Optical modulators are a key component of integrated silicon
photonic chips for optical I/O. The microring modulator struc-
ture is widely used and has several merits, including CMOS
compatibility and ultralow-power operation [2]. However, the
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narrow optical bandwidth and high sensitivity to temperature
and process variation minimizes the robustness of the microring
structure. The implementation of tuning circuitry to improve the
performance of this structure contributes considerable overhead
power and increases system cost [3]. The commonly used
silicon optical modulators are mostly based on PN junctions
operating in depletion mode, which requires a high driving
voltage swing (Vpp > 4 V). The high-driving-voltage require-
ment prevents the full integration of a silicon optical modulator
with its drivers in a single chip due to the tradeoff between
breakdown voltage and operating speed of CMOS devices. This
transmitter design is based on a heterojunction bipolar transistor
(HBT) optical modulator that operates in injection mode, which
only requires a subvolt driving voltage to turn on and off the
device. With its fabrication through the commercial silicon
BiCMOS process, the HBT-based modulator offers a promising
solution for next-generation inter- or intrachip optical links with
the speed of tens of gigabits per second. This brief presents an
integrated transmitter driver module to provide drive signals
for the silicon HBT-based modulator, exhibiting wide optical
bandwidth, high speed, low power, low drive voltage, small
footprint, and high modulation efficiency. The driver module
incorporates an integrated 27 − 1 pseudorandom bit sequence
(PRBS) generator for reliable high-speed testing and a driver
circuit featuring digitally tuned preemphasis signal strength.
The driver can be applied to a wide range of carrier injection
modulators with drive voltage requirements below 1.5 V [4].
In Section II, the operation principle of the HBT-based car-
rier injection electroabsorption modulator (EAM) is discussed.
Section III presents the transmitter design, including the
system-level and transistor-level circuit topology. Section IV
describes the fabrication and experimental results of the trans-
mitter driver. Conclusions are summarized in Section V.

II. HBT-BASED CARRIER INJECTION EAM

Traditional optical modulators employ an electrooptic (EO)
effect to realize the modulation, such as the Pockels effect
and the Kerr effect. However, the EO effect is very weak in
silicon material. Most silicon modulators utilize the free-carrier
plasma effect to manipulate the refractive index. As illustrated
by Drude [5], the real part of the refractive index, i.e., Δn,
and the imaginary part of the refractive index, i.e., Δα, can be
manipulated by the electron and hole density change, i.e., ΔNe

and ΔNh. Soref and Bennett derived an empirical equation for
the free-carrier plasma effect in silicon, which is still widely
used today [6].
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Fig. 1. Electrical model and driving interface of HBT EAM (a) regular and
(b) all terminal biases raised by 0.5 V.

A. HBT-Based EAM

By using the HBT transistors in an advanced commercial
BiCMOS process that has ultrahigh transition frequency fT , the
HBT-based modulator can work up to hundreds of gigabits per
second [7]. In this brief, the HBT modulator is based on the
HBT device in a commercial 130-nm SiGe BiCMOS process,
and details on the device design are discussed in [7]. It should
be noted that several postprocessing steps are required to ef-
ficiently couple light into the HBT device. For example, the
subcollector is polished down to 0.1 μm, and a cladding layer
is grown on the backside of the device.

The optical simulation results in [7] show that the optical field
region spans mostly in the base region and the collector directly
underneath the base, which means that to realize good modula-
tion efficiency, the free carriers in the base should drastically
change. Thus, the HBT device is biased to operate between the
saturation region (both PN junctions are deeply forward biased)
and the cutoff region (both PN junctions are reverse biased).
To get a 5-dB extinction ratio, the HBT only needs a length of
around 90 μm with a driving voltage of around 0.95 V, which
means that it has outstanding modulation efficiency.

B. Electrical Model

Postprocessing steps introduce several modifications to the
standard electrical model of the HBT device provided by the
foundry. To account for a thinner subcollector region, an extra
parasitic resistor is added with its value calculated as follows.
Before polishing, the sheet resistance of a subcollector is
8.8 Ω/sq. After the subcollector is polished from 2 μm down
to 0.1 μm, the sheet resistance is increased to 167.2 Ω/sq. With
the device length of 90 μm and width of 1 μm, the parasitic
resistance is divided by 90 down to 1.86 Ω. A 2-Ω resistor is
added at the collector for pessimistic estimation. The electrical
model of the HBT EAM and its driving requirement is shown
in Fig. 1(a). To achieve a 5-dB extinction ratio, the forward-
bias voltage across the base–emitter junction (Vbe) representing
logic “1” should be around 0.95 V, given the HBT length of
90 μm [7], [8]. Fig. 1(b) shows a new driving interface in which
the voltages of the three terminals of HBT are all raised by
0.5 V. The modification generates a negative Vbe during the
discharge period, resulting in a significant increase in speed.

III. TRANSMITTER

A transmitter is specifically designed for this modulator
based on the electrical model, as shown in Fig. 1. To increase
the modulator speed, a CMOS driver is designed with a preem-
phasis feature. The CMOS design helps to considerably reduce
the power consumption compared with [8], which is realized
by a current mode logic (CML) driver circuit. A 27 − 1 PRBS

Fig. 2. HBT-based EAM transmitter circuit block diagram.

Fig. 3. Preemphasis driver circuit schematic.

generator is designed and monolithically integrated into this
transmitter, providing a cost-effective means for reliable testing
and verification of the modulator and the optical link.

A. Block Diagram

The transmitter consists of a 27 − 1 full-rate PRBS generator,
a predriver circuit, and a preemphasis driver circuit, as shown
in Fig. 2. The PRBS generator adopts CML to guarantee the
speed performance. A CML/CMOS hybrid logic predriver stage
is inserted between the CML PRBS generator and the CMOS
logic preemphasis driver to provide logic transition. With the
new driving interface as shown in Fig. 1(b), the preemphasis
driver can provide a 1.45-V voltage swing to the base-to-emitter
junction of the HBT-based modulator, resulting in a forward
bias of 0.95 V and a reverse bias of −0.5 V.

B. Preemphasis Driver

As shown in Fig. 3, the preemphasis driver is comprised of
a main driver in parallel with a rising-edge preemphasis circuit
and a falling-edge preemphasis circuit. The load of the driver
is the HBT modulator with 90-μm emitter length and 120-nm
emitter width. To reduce the output resistance Ron of the driver,
which is very critical for the driving injection modulator, the
transistors Mp1 and Mn1 in the main driver are designed with a
large gate width of 50 and 18 μm, respectively.
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Fig. 4. Predriver circuit schematic.

TABLE I
COMPONENT VALUES OF PREDRIVER

The preemphasis circuit further reduces the rising and falling
transition times. Transistors Mp3 and Mn3 control the rising-
edge peaking and the falling-edge peaking, respectively, with
the peaking duration set by the total delay of the three identical
cascaded delay cells.

The delay of each delay cell can be set by control bits B1

and B0. By turning on a combination of parallel transistors, the
equivalent “ON” resistance is reduced, resulting in a reduction
in cell delay. The control bits yield three different delay setting
values: 27, 30, and 38 ps. The original and delayed data signals
drive a NAND/NOR gate, which generates the preemphasis pulse
at the gate of Mp3/Mn3.

C. Predriver

The predriver stage is applied between the PRBS generator
and the preemphasis driver to provide CML to CMOS logic
transition. As shown in Fig. 4, the predriver consists of three
CML differential amplifiers with its output ac coupled into
a cascade of CMOS inverters. The component values and
transistor dimensions are summarized in Table I.

The first differential amplifier utilizes bipolar transistors Q1

and Q2, which provide higher transconductance than field-
effect transistors (FETs), resulting in a relatively smaller load
capacitance to the PRBS generator circuit for a given tail
current. The first differential stage works similar to a buffer with
unity voltage gain while possessing higher driving capability to
the next stage. The second and third stages utilize FET input
transistors to prevent the transistors from being driven into the
linear region with the amplified signal swing. After the third
stage of the differential amplifier, output swing is increased to
700 mV.

A cascade of CMOS inverters with increasing size is used
to amplify the voltage swing from 700 mV to rail-to-rail swing.
The threshold of the CMOS inverter chain is designed as half of
the power supply voltage. The output signal from the CML dif-
ferential amplifiers is ac coupled by a high-Q metal–insulator–
metal capacitor, Cb, and level shifted by biasing a parallel
resistor Rb. The values of Cb and Rb are selected to be 5.6 pF
and 10 KΩ, respectively, with f−3 dB as low as 2.8 MHz to
accommodate the wideband PRBS signal.

Fig. 5. 27 − 1 PRBS generator circuit.

Fig. 6. Tradeoff between current density and fT of a MOSFET (W = 3.2μm,
L = 120 nm) in the 130-nm BiCMOS process.

Fig. 7. Low-power CML D-latch circuit schematic.

D. 27 − 1 PRBS Generator

To provide a cost-effective means for reliable testing and ver-
ification of the modulator and the optical link, a 27 − 1 full-rate
PRBS generator is designed and monolithically integrated. The
block diagram of the PRBS generator circuit is shown in Fig. 5.
One of the seven D-flip-flops (DFF) is designed with the “set”
function to avoid the all-zero state. Traditional CML circuits are
designed to achieve the current density at peak fT to realize the
best speed performance. As Fig. 6 shows, the current density
at peak fT for a MOSFET is approximately 0.3 mA/μm in the
130-nm BiCMOS process. It also shows that a reduction in cur-
rent density by 80% to 0.06 mA/μm only reduces fT by 30% at
different process corners, resulting in substantial power savings.
The deeply forward-biased HBT device that forms the back-
bone structure of the modulator device limits the overall trans-
mitter bandwidth, and therefore, the sacrifice of DFF speed has
a minimal effect on the overall transmitter circuit performance.

The CML D-latch topology is shown in Fig. 7. This latch
employs MOSFET input transistors, which reduces the voltage
drop by 0.2 V compared with bipolar transistors in the 130-nm
BiCMOS process. For the same tail current, this voltage drop
reduction yields considerable power savings as the power sup-
ply voltage VDD is reduced accordingly.
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TABLE II
COMPONENT VALUES OF CML LATCH

Fig. 8. Clock buffer circuit schematic.

TABLE III
COMPONENT VALUES OF CLOCK BUFFER

With a 400-μA D-latch tail current and a 400-μA XOR gate,
the total current of the 27 − 1 PRBS generator is 6 mA. The
load resistor RL is selected to enable the output voltage swing
of the master latch to fully switch the 400-μA tail current
of the slave latch. A value of RL = 1 KΩ is selected, which
corresponds to an output voltage swing of 400 mV. Transistors
M1,M2,M5,M6 are designed with the smallest gate width to
minimize the parasitic capacitance while enabling full switch-
ing of the tail current with a 400-mV voltage swing at the gates.
The cross-coupled regenerative pair M3 and M4 is designed to
minimize its parasitic capacitance while setting gm3,4RL larger
than unity to guarantee the operation of the regenerative pair.
All seven DFFs in this PRBS generator, which include a master
and a slave D-latch, are designed with this feature. The CML
XOR gate is similarly designed with the same tail current. The
component values are summarized in Table II.

E. Clock Buffer

The clock buffer is used to amplify the input clock signal
and drive all clock-triggered devices with the consideration of
parasitic capacitance along clock distribution routing. As shown
in Fig. 8, it is comprised of four stages of differential amplifiers.
Each stage doubled the tail current and the differential pair
size and halved the load resistance compared with its preceding
stage. A 100-Ω resistance is connected between the differential
inputs to provide 50-Ω impedance matching. The component
values are summarized in Table III.

IV. CHIP FABRICATION AND EXPERIMENTAL RESULTS

The transmitter driver chip is fabricated in a commercial
130-nm SiGe BiCMOS process. Fig. 9 illustrates the micropho-
tograph and the measurement setup of the chip. The total
die area is 1920 μm × 1650 μm. Clock signal is supplied by
the signal generator (Agilent E8247C) and converted into a
differential signal by a wideband balun (Hyperlabs HL9402).
The differential clock signal is supplied to the chip by a radio
frequency (RF) probe (Cascade 40-GHz GSGSG) on the left

Fig. 9. Experimental test setup for RF probe measurements.

Fig. 10. 6-Gb/s eye diagram of the preemphasis driver output signal with 50-Ω
load (weak and strong preemphasis overlap).

side. Output signals from the PRBS generator and the preem-
phasis driver are measured by using RF probes (GGB 40-GHz
GS) through the SGS pads at the bottom and GSG pads on
the right side of the chip, respectively. The DC pads are wire
bonded to an open-cavity QFN-52 package and mounted on an
FR4 printed circuit board.

The eye diagram of the driver output with 50-Ω load and
with weak preemphasis (B1B0 = 00) and strong emphasis
(B1B0 = 11) are overlapped and shown in Fig. 10, highlight-
ing the preemphasis peaking signal. With preemphasis, the
amplitude is increased from 575 mV (nominal) to 670 mV
(weak peaking) and to 750 mV (strong peaking). The peaking
duration is 80 and 115 ps, respectively. The spectrum of the
6-Gb/s preemphasized PRBS signal is measured by a spectrum
analyzer (Agilent E4408B). The 47-MHz tone spacing shown in
Fig. 11 is equal to the data rate (6 Gb/s) divided by the pattern
length (127), indicating that the 127-bit PRBS signal pattern is
correctly achieved.

To demonstrate the expected performance of the driver cir-
cuit with the HBT-based modulator, the circuit is simulated
using the electrical load model presented in Fig. 1. The sim-
ulated eye diagram at 6 Gb/s is shown in Fig. 12. As shown,
the 0.95-V forward bias satisfies the design specification, which
will guarantee a modulator extinction ratio of 5 dB. The −0.5-V
reverse voltage for the base-to-emitter junction increases the
discharge speed.

The total power consumption of this optical transmitter at the
data rate of 6 Gb/s is 44.5 mW, including the PRBS generator
(27 mW), the predriver (10.5 mW), and the preemphasis driver
(7 mW). Table IV summarizes the performance comparison of
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Fig. 11. 6-Gb/s preemphasis driver output signal zoomed-in spectrum at
50-Ω load.

Fig. 12. Simulated 6-Gb/s eye diagram of the transmitter module driving an
electrical load model of the HBT-based modulator.

TABLE IV
TRANSMITTER PERFORMANCE COMPARISON

this work to recently published silicon optical transmitter de-
signs. With implementation in a more cost-effective technology
compared with the work in [9] and [10], this design renders
good speed and power performance with excellent modulator

footprint and low driving voltage, which are critical merits for
the monolithic integration of an optical transmitter system as
discussed in Section I. It is expected that with a better silicon
process and higher power budget for the driver circuit, the speed
of this transmitter system could be as high as tens of gigabits per
second as claimed in [7]. By comparison, a ring modulator has
excellent operating power because the resonant structure signif-
icantly enhances the free-carrier plasma effect. However, this
is at the expense of narrow optical bandwidth, as discussed in
Section I. In summary, with the merits of wide optical band-
width, low power, outstanding small footprint, low driving volt-
age, and potential operating speed of tens of gigabits per second,
the HBT-based carrier injection modulator provides a good solu-
tion for next-generation intra- or interchip optical interconnects.

V. CONCLUSION

The HBT optical modulator is a good candidate for mono-
lithic integrated silicon optical interconnects due to its high
speed and low driving voltage. This brief has presented a low-
power high-speed optical transmitter module design for an
HBT-based carrier injection EAM. The main features of the
transmitter circuit are high speed, low power, and high effi-
ciency. An ultralow-power 27 − 1 PRBS generator is included
on chip for high-speed testing. A configurable preemphasis
feature improves speed performance. The chip is realized in
a 130-nm SiGe BiCMOS process. Measurement results with
a 50-Ω load demonstrate transmitter modulation up to 6 Gb/s
with digitally tuned preemphasis strength.

REFERENCES

[1] I. A. Young et al., “Optical I/O technology for tera-scale computing,”
IEEE J. Solid-State Circuits, vol. 45, no. 1, pp. 235–248, Jan. 2010.

[2] J. F. Buckwalter, X. Zheng, G. Li, K. Raj, and A. V. Krishnamoorthy,
“A monolithic 25-Gb/s transceiver with photonic ring modulators and Ge
detectors in a 130-nm CMOS SOI process,” IEEE J. Solid-State Circuits,
vol. 47, no. 6, pp. 1309–1322, Jun. 2012.

[3] C. Li et al., “Silicon photonic transceiver circuits with microring resonator
bias-based wavelength stabilization in 65 nm CMOS,” IEEE J. Solid-State
Circuits, vol. 49, no. 6, pp. 1419–1436, Jun. 2014.

[4] M. Lipson, “Compact electro-optic modulators on a silicon chip,” IEEE J.
Sel. Topics Quantum Electron., vol. 12, no. 6, pp. 1520–1526, Nov. 2006.

[5] R. A. Soref and B. R. Bennett, “Electro optical effect in silicon,” IEEE J.
Quantum Electron., vol. 23, no. 1, pp. 123–129, Jan. 1987.

[6] R. A. Soref and B. R. Bennett, “Kramers–Kronig analysis of electro-
optical switching in silicon,” in Proc. SPIE Integr. Opt. Circuit Eng. IV ,
1987, pp. 32–37.

[7] P. Wu et al., “Ultrashort SiGe heterojunction bipolar transistor-based high-
speed optical modulator,” IEEE J. Sel. Topics Quantum Electron., vol. 19,
no. 2, Mar. 2013, Art. no. 7900109.

[8] E. Fu, V. J. Koomson, P. Wu, S. Deng, and Z. R. Huang, “Design of an
integrated high-speed HBT-based electroabsorption modulator and driver
in SiGe BiCMOS technology,” in Proc. IEEE 55th Int. Midwest Symp.
Circuits Syst., 2012, pp. 37–40.

[9] B. R. Moss et al., “A 1.23 pJ/b 2.5 Gb/s monolithically integrated optical
carrier-injection ring modulator and all-digital driver circuit in commercial
45 nm SOI,” in IEEE Int. Solid-State Circuits Conf., 2013, pp. 126–127.

[10] X. Wu et al., “A 20 Gb/s NRZ/PAM-4 1 V transmitter in 40 nm CMOS
driving a Si-photonic modulator in 0.13 μm CMOS,” in IEEE Int. Solid-
State Circuits Conf., 2013, pp. 128–129.

[11] W. M. Green, M. J. Rooks, L. Sekaric, and Y. A. Vlasov, “Ultra-compact,
low RF power, 10 Gb/s silicon Mach–Zehnder modulator,” Opt. Exp.,
vol. 15, no. 25, pp. 17106–17113, Dec. 2007.



<<
  /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
  /CreateJDFFile false
  /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 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /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 false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 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

  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


