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Abstract

Characteristics of InP/InGaAs based Heterojunction

Phototransistor for Optoelectronic Mixer

By

Seung-Chan Han

School of Electrical and Electronic Engineering
College of Engineering

Yonsei University

Wireless communication is becoming an crucial area of today’s life. With
chasing this trend, there are continuously growing demands for ultra-wideband
transmission due to insufficiency of available frequency band and increase of
information. To satisfy this, millimeter wave has drawn lots of technical
attentions. In spite of its ability to transmit ultra wide bandwidth signals,
available propagation range is restricted by its own nature. To overcome this

limitation, Radio-on-Fiber technology is treated as one of effective ways.



Conceptually, RoF technology indicates that microwave signals are distributed
by optical fiber into each remote up antenna units.

Among various RF devices to implement RoF system, optoelectronic mixer
at each remote antenna unit plays a weighty role to convert input modulated
optical signals into radio frequency signals. In this thesis, for applying
InP/InGaAs heterojunction transistor as an optoelectronic mixer, I examined
its possibility on experimentally manifold aspects including DC characteristics,

optical AC characteristics and mixing characteristics.

Keyword : InP/InGaAs heterojunction phototransistor, optoelectronic mixer, radio-on-fiber

technology, DC characteristics, optical AC characteristics, mixing characteristics



I. Introduction

As wireless communication is highly developed, demands for wider
bandwidth and higher speed transmission are rapidly increasing. To achieve
this, it is imperative to raise the carrier frequency into much higher frequency.
Among various frequency bands, millimeter-wave band becomes technically
and commercially expected to be utilized soon because of its own
advantageous natures for ultra-wideband communication. Millimeter-wave is
an electromagnetic wave having a frequency from thirty to three hundred GHz.
This band has a wavelength of one to ten millimeters and following
characteristics. With this band, ultra wide bandwidth over 1GHz can be
implemented for wireless communication. Unfortunately, it can not propagate
over few hundred meters in the air since this band experiences serious loss in
the air. Due to such restriction, there are many antenna stations required for
broadening its available propagation range and it causes raising costs to
implement the system using this band. Thus, it is momentous to develop cost-
effective and physically competitive system for millimeter wave
communication [1].

Instead of construction of many base stations, it becomes an attractive



solution to utilize optical fiber to link the central base station, which
centralized expensive and distributed RF processings including local oscillator,
with remote antenna units. This system is named as RoF(Radio-on-Fiber)
technology, a technology by which microwave signals are distributed by
means of optical components and techniques. By delivering the radio signals
directly, the optical fiber link avoids the necessity to generate high frequency
radio carriers at the antenna site and these sites are usually remote from easy
access. Also, such signals experience very low attenuation through optical
fiber. As known well, optical fiber has only 0.2dB loss for one kilometer at
1550nm wavelength [14]. Especially, in order to construct simpler antenna
base, it is essential to implement efficient method to convert frequency down
and up respect to the requirements [3]. Accordingly, optoelectronic mixer
performing frequency conversion becomes crucial issue to achieve mentioned
purpose. To achieve this goal, heterojunction phototransistors have been one
of competitive candidates because of its own characteristics for
optoelectronics mixer and abilities for integration and many elaborates have
concentrated on verifying and improving its performance. To estimate the

performance of heterojunction phototransistors, one needs to analyze its figure



of merits including modulation response, conversion gain and distortion
characteristics. It is the first to investigate them before applying heterojunction
phototransistors to actual RoF systems. Figure 1.1 shows a fundamental
scheme for the system with RoF technology.

In this thesis, fundamentals of InP based heterojunction phototransistor will
be firstly described. Then, following chapters provide well-organized
information about experimental environments for each measurement and result.
Experimental elaborates are consisting of measuring device characteristics,
optical AC characteristics and mixing characteristics in the case of I0GHz LO
frequency. Especially, it encompasses optimized transistor bias conditions for

better performance though observing bias dependencies.
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Figure 1.1 Conceptual scheme for remote up-conversion applied by radio-on-

fiber technology



I1. Background

A. Physics of InP-based heterojunction phototransistor

Indium-phospide (InP) heterojunction bipolar transistors(HBTs) are very
suitable devices for millimeter-wave RoF systems due to its high optical
responsivity and excellent high-frequency performance.

A heterojunction bipolar transistor consists of a heterojunction in the base-
emitter junction and a homojunction in the base-collector junction [4]. Among
them, HBTs with optical window on top of emitter for optical illumination are
named as heterojunction photo-transistors (HPTs). Optical window makes the
emitter efficiently absorb illuminated light.

The InP HPTs are fabricated with the lattice-matched layers epitaxially
grown on a semi-insulating InP substrate by applying molecular beam epitaxy
(MBE) or metal-organic chemical vapor deposition (MOCVD) [5]. Materials
lattice-matched to InP are Ings3Gags7As and IngspAlg4sAs. Thus, InP HPT is
the general designation for HPTs on InP substrates, and the terms InP/InGaAs
and InAlAs/InGaAs describe the emitter-base heterostructure pairs of InP

HPTs. Typically, the epitaxial layer of single-HPTs consists of p’-doped



InGaAs base, n-doped InGaAs collector and n-doped InP emitter. The InGaAs
base is intended to be thin and heavily doped to minimize the base transit time
and the intrinsic base resistance. InP used for the collector has easier
suppression of current blocking, less undesired conduction band offset and
ghier electron saturation velocity than InAlAs. For the subcollector of InP
HPTs, heavily doped InGaAs is usually applied since the subcollector
preferred a low-field region and high electron regardless of the bandgap
energy [6]. Above properties make it possible to achieve much higher speed of
InP HBTs than that of silicon based HBTs.

Performance of HPT devices can be recognized by the discussion about
following data including RF characteristics and noise figure. Conventional
HPTs show extremely high frequency limits. InP HPTs have exceeding
300GHz for its cutoff or oscillation frequency from a recent report and such
performances are higher than all other kinds of bipolar transistors [7], [8].
Such high-speed performance is a key reason why it is compatible to
implement RoF system. In addition, InP HPTs are appropriate to detect widely
used optical signal-1.55um wavelength- since they have smaller bandgap

energy than photon. On minimum noise figure aspect, InP HPTs have much



superior performance, about 0.5 dB at 2GHz [9], than other HPT devices even

though the output power gained from InP HPTs is lower than that from GaAs

devices.

B. Information about InP/InGaAs HPT measured in this thesis

Following device structure shows the vertical structure of typical InP/InGaAs
heterojunction phototransistor. The device used in this thesis was fabricated by
ETRI and it had 2.0um><8.0um for its emitter size. Empirical top illumination

responsivity was measured to be 0.05A/W.
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Figure 2.1 Vertical structure of typical InP/InGaAs HPT device



III. Experimental Results

A. Device characteristics

The basic experimental arrangement is depicted in Figure 3.1. DFB Laser
diode generated 1550 nm optical signal, which had 15dBm optical power,
directly modulated by 100MHz IF signal and it was illuminated onto the
optical window on HPT through the lensed fiber. EDFA and optical attenuator
were connected for controlling the optical power. With this experimental setup,
its photodetection characteristics were extracted with semiconductor
parameter extracter (HP4145B) and RF characteristics were detected by RF
spectrum analyzer. Based on this arrangement, a part of them could be
modified respect to what parameters required. Firstly, to measure DC
characteristics without optical illumination, all components to illuminate onto
the device was removed and measured by only semiconductor parameter
analyzer. Those removed components were used to consider the illumination

effect in section (A.2).
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Figure 3.1 Experimental arrangement for device characteristics measurement

(A.1) DC Characteristics without optical illumination

In order to investigate DC characteristics of given HPT, gummel plot of the

HPT and current gain property were described in Figure 3.2 by Semiconductor

parameter extractor. Its gummel plot followed typically reported trend and

Figure 3.2 (b) showed that this HPT had relatively low current gain, about 20

at 1.0V base voltage bias.
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Figure 3.2 (a) Gummel Plot for InP/InGaAs HPT (measured in the dark)
(b) Extracted current gain for InP/InGaAs HPT (I¢c over Ip)
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(A-2) DC characteristics with optical illumination

Figure 3.3 shows measured collector-current (I¢) as a function of collector
voltage (V¢) with 100pA base current step. It was observed that 100pA
increase in Ic with 0dBm optical illumination as can be seen in the figure. This
additional current was amplified virtual base current derived from photo-
generated electron-hole pairs absorbing sufficient energy to overcome
bandgap difference from illuminated light. As illustrated in Figure 3.4,
collector current increased with increasing incident optical power onto the
device from -3 to 6dBm with the step of 3dBm. From these results, optical

responsivity could be calculated to be 0.05A/W.
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B. Optical AC Characteristics

(B. 1) S-Parameter for the device

To investigate electrical AC characteristics of the device, experimental
arrangement was modified with connecting one RF source to the base terminal
and network analyzer to the collector terminal. After calibration, four different
S-parameters were properly extracted. Figure 3.5 shows measured cutoff
frequency and maximum oscillation frequency, which are important factors to
show RF performance of devices, for given HPT. Though unknown peak,
which required to examine experimental setup, was detected at around 6GHz
in the h-parameter plot, 'cut-off frequency (f;) and maximum oscillation
frequency (fyix) were experimentally demonstrated to be 60GHz, 122GHz

respectively.

! Cut-off frequency is defined as the frequency beyond which no appreciable energy is
transmitted. It may refer to either an upper or lower limit of a frequency band
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Figure 3.5 Frequency response of InP/InGaAs HPT under Iz = 400uA, V¢ =

1.2V and 0dBm optical illumination

(B. 2) Optical Frequency Response

With fitting PD-mode (under no base voltage bias) to 0dBm, it was possible
to observe phototransistor internal gain when the device operated as a
transistor. Below figure shows that given device had around 24dBm for

phototransistor internal gain when 400uA base current was applied.
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Figure 3.6 Measured phototransistor internal gain (G;,) of InP/InGaAs HPT
It was measured for photodiode mode under zero base voltage bias and for

phototransistor mode under 400uA base current bias.

In Figure 3.7, there observed the bias dependency of optical modulation

response according to varying base voltage and collector voltage.
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Figure 3.7 Bias dependency of optical modulation response (a) change with
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As depicted in Figure 3.7 (a), increasing base current caused raising optical
modulation response but the increasing tendency became quite less than half
of previous increase according to double the base current. However, it was
also observed that there was no clear bias dependency with collector bias
voltage to optical modulation response. Thus, if higher modulation response is

needed, it is effective to make its base current higher.

(B. 3) Bias dependence of photodetection characteristics

Similar to the nature of general transistors such as BJT and MOS,
heterojunction bipolar transistor also possess the same nonlinear property. It
has been possible to examine nonlinear characteristics such as collector
current versus applied voltage in previous experiment. Particularly, such
property tended to induce the degradation of mixing performance. In order to
reduce performance alleviation, it is one of possible options to optimize HPT’s
bias condition. Following experiments were conducted for obtaining optimum
bias condition. The power of injected IF signal was measured to be -45dBm
when the HPT operated in the PD mode. Figure 3.9 includes the detected

power of LO, up-converted signal LO+IF at 10.1GHz and its second harmonic

17



signal a 20.1GHz respectively. Empirical setup for observing photodetection

characteristics and mixing characteristics is as follows.

RF P”_- =15dBm
Spectrum fie = 100MHz DFB LD
Analyzer RF Source(IF) (1.55um)

[ |
V=12V  [Bias \/ eoFa

. T Lensed
Semiconductor Fiver Attenuator
Parameter
Extractor B Optical
1as power
v, 1 Pope=0dBm | meter
| RF source(LO) I 1 l
P, =-6dBm L1 >
f o = 10GHz fio fiotfir 2,02 0He

Figure 3.8 Experimental environment for measuring photodetection and

mixing characteristics
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Figure 3.9 Detected power versus base voltage under 1.2V collector voltage

In Figure 3.9, the increase in detected power occurred after base voltage
approached almost 0.5V, which was turn-on voltage for given device. It was
also obtained that there was power gain due to the nature of HPT. Converted
fundamental signal was detected at 10.1 GHz for up-conversion case and the
second harmonic at 20.1 GHz. From the tendency of converted signals, it was
possible to figure out that optimized bias point depends on which carrier
frequency is needed. If the case required fundamental converted signal,

biasing near 0.8V for base voltage was beneficial. Figure 3.10 shows a change

19



in detected power with varying collector voltage 1.2V collector biased voltage.

It seems meaningful for fundamental converted signal under referred base

current condition.

Detected power [dBm]
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Figure 3.10 Detected power versus collector voltage under 200uA base current
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C. Mixing Characteristics

(C. 1) Converted Spectrums

To convert input signals, 10GHz local oscillator (LO) signal having -6dBm
power was connected and it was pumped into the base terminal by Anritsu
68177C RF generator. Following figures were obtained by RF spectrum
analyzer under the condition with 200uA I, 1.2V V¢ and -12dBm LO power.
Both fundamental down and up converted signals were shown in Figure 3.11
and it is reasonable that the up converted signal had conversion gain of LO+IF
dash line at 1.2V V. bias voltage as depicted in Figure 3.11. Other signals
shown around converted signals were spurious components derived from the
nonlinearity of transistors. Successfully, the mixer generates output
frequencies related to the combination of the addition and subtraction of LO

and IF signals.

21



-10 -
-20 4

[dBm]

-304
-404
-504

Detected signal

9.9 10.0 10.1
Frequency [GHZ]
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Figure 3.12 Spectrum of up and down converted second harmonic signals

detected at 20.1GHz and 19.9GHz
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(C. 2) Conversion gain

As observing detected signal spectrums, I could clarify conversion gain,

which is one of important figure of merits representing mixing efficiency for

optoelectronic mixers. Generally, conversion gain is defined as [3]

Up — converted RF power
Detected IF power at PD —mode

Conversion gain =

Estimated conversion gain for the HPT is as follows. Following figures show
the effect of varying DC bias voltage when the LO level is 0dBm. Negative
conversion gain means the loss of converted signals. In this figure, the
conversion gain for the fundamental signal increased monotonically until
around 3dBm with increasing collector voltage. Thus, conversion gain can be
improved by applying appropriate DC bias to the HPT. Not only does this
reduce the conversion loss and LO power requirements, it also offers an extra
empirical adjustment for manufacturing variations [11]. From this fact, it is
easily achieved to use 0.8V base voltage and 1.2V collector voltage biasing for
using fundamental signals while the second harmonic signals are effectively

suppressed under given LO power.
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(C. 3) SFDR according to bias dependencies

SFDR(Spurious Free Dynamic Range) indicates the dynamic range with
suppressing the third-order intermodulation components to the noise level. As
mentioned previously, the mixers have a large-signal LO which converts the
intermodulation products to the IF frequency and to sidebands of all the LO
harmonics and the level of the intermodulation products at the output of the
mixer is given by

P,, =nP,~(n-DIP,

Where n is the order of the IM product, IP, is the nth-order intercept point of
the IM product [11]. It is noticed that IM product tends to be n times larger
than fundamental signals. Due to such nature, to measure the tendency of IM
products is important to determine available signal power range. Among
various IM products, third order IM product is required to estimate the SFDR
since third order IM products are the closest signals, which mostly affect on
the available dynamic range, to the fundamental signals. To observe this
parameter, there should be more than two frequency sources and laser diodes
since two frequency signals simultaneously entering laser diode could arise

another intermodulation not due to the nonlinearity of the transistor if only

25



single laser diode was used to obtain the intermodulation spectrum. Thus, each

frequency signal should be modulated individually and then the combined

optical signal was illuminated into the HPT. Experimental setup for SFDR

measurement is depicted in Figure 3.15.

f,
T I
Fundamental ; I ‘[ t f g
t
') " * )
/ >
f' TieaTie fio Fiotlim
S 1M3
- LO+2IF 2-IF1 : Third-order infermodufaiion product

(M3} occured by mixing with LO+IF1 and LO+IF2

Figure 3.14 Tendency of increasing of fundamental and third intermodulation

as a function of input power and their spectrums
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Figure 3.15 Experimental arrangement for SFDR measurement

Above described scheme is helpful to recognize two laser diodes with
individual RF source were implemented for referred purpose. To modulate IF
signal optically, two mach-zhender modulators which were available for
10GHz, 20GHz respectively were used with proper DC voltage bias. This
approach ensures that the IM products were derived from not the optical
source, but the transistor. On the basis of this scheme, 700MHz and 800MHz

RF signals were successfully modulated. Because of different modulation
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efficiency of both modulators, the power of two RF signals should be different
to have the same power value when they combined. The difference was
estimated to be 5.5dBm higher for IF1 to satisfy the constraint. Incident
optical signals were measured by spectrum analyzer with 20dB amplifier to
observe the exact noise floor. Additional gain would be subtracted when

plotting SFDR. Based on described information, measured SRDF is as follows.

-20 4

tt P14,
-40 -
Fundamental signals

-60

-80 -

SFDR = -102dB

Third order IM products

Detected RF power [dBm]

-
B N o
o o o
1 1 1

Noise Floor = -158dBm

-160 -

— 71 - 1 - T r T + 1T ' T T+ T T T 7
-180 -160 -140 -120 -100 -80 -60 -40 -20 0
Input IF power [dBm]

Figure 3.16 Detected RF power as a function of input IF power for SFDR
measurement. LO = 10 GHz at -10dBm. HPT was biased with Iz = 400pA
and Vc=1.2V.
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As depicted in Figure 3.16, third order IM products increased three times
faster than the increase of fundamental signals. In addition, it was observed
that available fundamental signal power was restricted under detected RF
power -14dBm crossed fundamental signals with third-order IM product,
named as IP3. The SFDR was measured to be 96 dB for the up-conversion
when the noise floor was known as -158dBm. Its bias dependency is

illustrated in Figure 3.17.

110
e}
2. 100
x
m
o
7p] \.\
®
90
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200 300 400 500 600
Base current [uA]

Figure 3.17 Bias dependency of SFDR measured under the same experimental

environment as previous measurement
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From Figure 3.17, increasing base current caused inferior SFDR though it
made better conversion gain. Especially, the decrease between base current
400uA and 600uA was larger than decrease between base current 200uA and
400uA. Thus, proper base current bias is determined according to which

specification is emphasized.
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IV. Conclusion

Among various applications of InP/InGaAs HPT, in this thesis, I examined
the possibility to utilize InP/InGaAs HPT as an optoelectronic mixer.
Compared to other transistors, this HPT used in this thesis had less current
gain, about 20 at 1.0V collector voltage. It notices that this device is hardly
proper for general purposes of transistors. When modulated light having
1.55um wavelength and 0dBm optical power was illuminated onto the emitter
of the HPT, optical responsivity was measured to be 0.05A/W, quite small
value. From this result, though its quantum efficiency might be also small, I
could observe the phenomenon that incident photons caused additional
electron hole pair in the base.

Connecting network analyzer between laser diode and collector port, it was
possible to extract its s-parameter, which is the important factor to show the
RF performance of HPT. It was measured to be 60GHz for cut-off frequency
and 122GHz for maximum oscillation frequency. Such high speed can not be
achieved by conventional silicon bipolar transistor. Instead of inferior DC
characteristics, its optical AC characteristics showed that it is appropriate

device for RF processing.
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In order to investigate mixing characteristics, 1I0GHz LO was applied to its
base port and the result was detected by a spectrum analyzer. With this
empirical arrangement, the spectrum analyzer detected both up and down
converted signals. Also, it was possible to observe its second harmonic signals
on both sides of 20GHz 2LO signal. About 3dBm conversion gain was
measured at 1.2V collector voltage and this value is enough to utilize this
device as an optoelectronic mixer. For measuring SFDR of the device,
individually modulated two-tone lasers were used because intermodulation
components could be derived from the optical source. As guaranteeing that
intermodulation was merely occurred by two IF signals, SFDR was 96dB
under 400uA base current and 1.2V collector voltage. Additionally, trade-off
relation between conversion gain and SFDR was observed during varying base

current bias.

32



References

[1]

[2]

[3]

[4]

[5]

E. Suematsu and N. Imai, “A fiber optical/millimeter-wave radio
transmission link using HBT as direct photodetector and an
optoelectronic upconverter,” IEEE Trans. Microwave Theory Tech,. Vol.

44, No. 1, pp. 133-143, January 1996.

Jacob Lasri, Y. Betser, Victor Sidorov, S. Cohen, D. Ritter, M. Orenstein
and Gadi FEisenstein, “HBT Optoelectronic Mixer at Microwave
Frequencies : Modeling and Experimental Characterization,” [EEE
Journal of Lightwave Technology, Vol. 17, No. 8, pp. 1423-1428, August
1999.

Jae-Young Kim, “Equivalent circuit modeling of InP/InGaAs
Heterojunction Phototransistor for application of Radio-on-fiber
systems,” M.S. Thesis, Graduate school of engineering, Yonsei

University, January 2006.

William Liu, Fundamentals of III-V Devices : HBTs, MESFETs, and
HFETs/HEMTs, Wiley Inter-science, 1999.

O. Wada and H. Hasegawa, InP-based Materials and Devices : Physics
and Technology, John Wiley & Sons, 1999.

33



[6] Frank Schwierz and Juin J. Liou, Modern Microwave Transistors :

Theory, Design, and Performance, Wiley Inter-science, 2003.

[7] M. Ida, K. Kurishima, N. Watanabe, and T. Enoki, InP/InGaAs DHBTs
with 341-GHz fr at High Current Density of Over 800 kA/cm?, IJEDM
Tech. Dig., pp. 776-779, 2001.

[8] M. W. Dvorak, O. J. Pitts, S. P. Watkins, and C. R. Bolognesi, Abrupt
Junction InP/GaAsSb/InP Double Heterojunction Bipolar Transistors
with fr as High as 250 GHz and BV g > 6V, IEDM Tech. Dig., pp. 178-
181, 2000.

[9] M. Rodwell, M. Urteaga, T. Mathew, D. Scott, D. Mensa, Q. Lee, J.
Guthrie, Y. Betser, S. C. Martin, R. P. Smith, S. Janagathan, S. Krishnan,
S. I. Long, R. Pullela, B. Agarwal, U. Bhattacharya, L. Samoska, and M.
Dahlstrom, Submicron Scaling of HBTs, /IEEE Trans. Electron Devices,
vol. 48, pp. 2606-2624, 2001.

[10] Chang-Soon, Choi, Hyo-Soon Kang, Woo-Young Choi, Dae-Hyun
Kim and Kwang-seok Seo, Phototransistors Based on InP HEMTs and
Their Applications to Millimeter-Wave Radio-on-Fiber Systems, /[EEE

Trans. Microwave Theory and Techniques, Vol. 53, No. 1, January 2005.

[11] Stephen A. Maas, Microwave Mixers i ed, Artech House, Inc., 1993.

34



[12]

[13]

[14]

[15]

Y. Betser, D. Ritter, C. P. Liu, A. J. Seeds and A. Madjar, Modeling
and Performance of a one stage InP/GalnAs Optoelectronic HBT 3-
Terminal Mixer, Indium Phosphide and Related Materials, pp. 380-383,
11-15 May 1997.

C. P. Liu, A. J. Seeds, Y. Betser, V. Sidorov, D. Ritter and A. Madjar,
Two-Tone Third-Order Intermodulation Distortion Characteristics of an
HBT Optoelectronic Mixer Using a Two-Laser Approach, MWP’99
Digest, pp. 87-90, 17-19 November 1999.

Anthony Ng’oma, “Radio-over-Fibre Technology for Broadband
Wireless Communication Systems,” Ph.D dissertation, Graduate school

of engineering, Technishe Universiteit Eindhoven, June 2005.

Kwansoo Lee, “Radio over Fiber for Beyond 3G> Microwave

Photonics, International Topical Meeting On, pp. 9-10, 12-14 October
2005.

395



)

E

InP/InGaAs ©|+H 3 X &

S AL

771

Q
a

%

olth. ey wWejvlE 57}

A

&t7] 4

w2 =
-1 7

i

Ao @AV =AY o]

5L]:

AE 7hs

o

1T}

0

2 AAE

0|
3

o

=0

H

0

=
;QL

7] =0

Radio—on—Fiber

Al

Base station®lA *g]¥® wlo]a 23}

o°
) S,

Radio—on—Fiber 7]

A=

2 9

==
-

ot RoF Al~E

—IO
)

ol

.EL

NS R uf

oA T EAlow ALL3E RF Al

A3

—
o

il

o
%

==
1o

W
oF

)

=0

A
ol
ol
3r
o)
o3
Nfo

o

)

olo] B =Ro|ix= InP/InGaAs ©]FF

36



o

‘ﬂ'
0
il
nE
B
T
;oﬁi
_ro
ze]
wir
il

NI

]

3l

Xl

7] 98 @)

N2 AR

1

;.OH

o}

g

g3

ol
ol
;r
pig

oy

AMixing 43

37




<<
  /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


