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Abstract: In this paper, a dual mode class-C LC voltage 
controlled oscillator (VCO) has been designed in a 0.18 μm 
CMOS process. This system is capable to oscillate at two 
different frequencies, achieving a quite wide 64% tuning range. 
Depending on the oscillation frequency, the VCO current 
consumption is automatically adjusted from 4-5.5 mA using a 
0.9 V power supply. The phase noise at 1 MHz offset from the 
carrier frequencies of 2 and 3 GHz are also -125 and -122 
dBc/Hz, respectively. A design formula for the tuning range is 
proposed which considers the ratio of frequency overlap (OL) 
and all the parasitic effects from band-switching capacitor 
array and transistors. Furthermore, in order to stabilize the 
performance through the mentioned tuning range, both analog 
and digital automatic amplitude control techniques are 
presented. These amplitude control schemes consume a 
negligible power and area without degrading the phase noise. 
 
Keywords: Voltage Controlled Oscillator, Class-C, Wide 
Tuning Range, Phase Noise, Calibration. 

1. Introduction 
Due to the thriving development of the wireless standards 
in the recent years, interest in utilization of transceivers 
capable to operate at different frequencies has been 
widely increased. In this respect, research on the compact 
and power-efficient transceivers supporting multiple 
wireless standards seems indispensable. Oscillators, as an 
essential building block of the communication systems, 
are not excepted from this rule.  
Several band switching techniques have been recently 
used to achieve the wide tuning range in LC oscillators. 
Switch capacitor banks and switch inductors [1-3] 
undergo resistive parasitics attributed to the switches 
which degrade the resonator quality factor and oscillator 
phase noise. Tunable active inductors have been proposed 
to achieve a wide tuning range in a small area [4]; 
however they do not result in low phase noise and power 
consumption. Furthermore, the design of transformer-
based dual-mode VCOs to increase the tuning range has 
been reported in literature [5]. Utilization of magnetic 
tuning has also been proposed to increase the tuning 
range of the LC VCOs by switching extra inductors 
coupled to the primary ones [6] or by controlling the 
current in the secondary winding of a transformer [7].  
Furthermore, several circuit alternatives have been 
proposed to improve the performance of integrated 
VCOs. Differential pair oscillators shown in Fig. 1(a) 
have been generally recognized superior over other 
topologies due to their ease of implementation, lower 

power consumption and differential operation. However 
in these oscillators, the noise generated by the active 
devices considerably degrades the phase noise. To reduce 
the contribution of the tail current source in the phase 
noise, different filtering and noise cancellation techniques 
have been reported as well [9-10]. Among other 
topologies, Colpitts oscillator shown in Fig. 1(b) has 
better cyclostationary noise properties, potentially leading 
to lower phase noise [11, 12]. However, these single 
ended oscillators are rarely used because they are 
sensitive to the parameter variations and common-mode 
noise source and also consume lots of power for a reliable 
start-up.  
Herein, a class-C topology which is the optimal evolution 
over both differential pair and Colpitts oscillators has 
been employed. This topology, shown in Fig. 2, can 
improve the phase noise performance and provide a fully 
differential output. In class-C oscillator, a bias network is 
included; so that the core transistors operate in the active 
region and allow the voltage swing at the drains to grow 
to an adequate level, consequently optimize the phase 
noise performance [13].  

 
(a)                                              (b)               

Fig. 1: (a) Standard differential pair VCO, (b) Colpitts VCO 

 
Fig. 2: Schematic of Transformer Biased class-C topology 

 
Fatemeh Ataei *, Mohammad Yavari  ** 

*,** Integrated Circuits Design Laboratory, Department of Electrical Engineering 
Amirkabir University of Technology  Tehran  Iran,  ataei_f@aut.ac.ir, myavari@aut.ac.ir 

 

54



  In the current study, a dual-mode class-C VCO has been 
presented to overcome the mentioned drawbacks. Since 
the calibration is a key factor in setting the VCO current 
at an optimal level in all conditions [14], both analog and 
digital automatic amplitude control techniques are 
presented.  
The paper is organized as follows. Section 2 describes 
wide tuning range VCO architecture. Section 3 describes 
the amplitude calibration circuitries. Simulation results 
are also shown in Section 4 followed by the conclusion in 
Section 5. 

2. Wide Tuning range VCO Architecture  

2.1   Active Core Design  
Schematic of the dual-mode class-C VCO considered in 
this design is shown in Fig. 3. In order to cover a wide 
frequency range, the desired bandwidth can be broken 
into two sections and switched capacitor bank can be 
used to cover each of these sections. As shown in Fig. 3, 
the separate active circuitries are used to start the 
oscillations. Depending on the desired frequency range, 

 
Fig. 3: Proposed Dual Mode class-C VCO 

one of the active circuitries is on, while the other one is  
kept off.  

2.2    Transformer Design  
To reduce the resonator area, one can place the 

inductors one inside the other or stack them in different 
metal layers. Both these configurations lead to a fourth-
order resonator with two different resonant peaks. If the 
coupling factor between the inductors is large, the 
impedance will have a higher peak magnitude at the lower 
resonant frequency when looking into each port of this 
resonator. In such a condition, it will be difficult to sustain 
the steady-state oscillation at the higher resonant 
frequency. On the other hand, in case of small coupling 
factor, the impedance will show a higher peak magnitude 
at the corresponding resonant frequency [15]. However it 
is no longer necessary to keep the coupling factors 
between inductors of resonators and bias inductors in 
small values.  Here ω1 and ω2 are the resonant frequencies 
of the uncoupled tanks that can be expressed as: 
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where ω1, ω2 are the resonant frequencies of the 
uncoupled inductors and Ki (i=1,2,3) are the coupling 
factors between the inductors. As can be seen in this 
equation, the resonant frequencies depend on the values 
of inductors, capacitors and coupling factors. Assuming 
ω2>ω1 it can be easily shown that: ωH>ω2>ω1>ωL. The 
necessary condition to guarantee that only one frequency 
starts and sustains at each port of the resonator is that the 
impedance has a larger magnitude at the corresponding 
resonant frequency as shown in Fig. 4.  
Using coupled inductors technique, two different bands 
with center frequencies ωL and ωH (ωL<ωH) can be covered 
by setting L and C as: 

min1max1

11
CLCL L ≤≤ ω  , 

min2max2

11
CLCL H ≤≤ ω     (3) 

where, Cmin and Cmax are the minimum and maximum 
values of the capacitances in the coarse-tuning section. 
For overlapping bands, the following criterion should also 
to be satisfied: 

min1max2

11
CLCL

≤                               (4) 

 
Fig. 4: Coupled tanks and the corresponding impedance responses with 
small coupling factor 
 
In order to have a dual mode response, the coupling  
factor should be kept small. Therefore, the aim is to 
realize multiple inductors in a compact area with small 
coupling between them. The first possibility is to stack 
inductors in different metal layers. The Quality factor of 
the inductors implemented at the lower metal layers will 
be smaller due to the ohmic loss of the thinner lower 
metal layers and their proximity to the substrate. 
Moreover, overlaps between some or all of the turns of 
multiple stacked inductors will introduce parasitic 
capacitance that reduces the tuning range. The next 
possibility is to realize interwound inductors. This 
solution usually leads to larger coupling between 
inductors, is undesired in the proposed scheme. In this 
implementation, the three inductors are placed in a 
concentric configuration. Each inductor has two turns and 
realized as a differential spiral inductor with center tap, 
on a 2.3μm thick top metal layer. As inductors occupy 
substantial chip area, they can potentially be the source 
and receptor of detrimental noise coupling. Furthermore, 
the physical phenomena behind the substrate effects are 
complicated to characterize. Therefore, decoupling the 
inductor from the substrate can enhance the overall 
performance: increase Q and improve isolation [16]. Here 
a patterned ground shield inserted between on chip spiral 
inductors and substrate. The shield is realized in lower 
metal layer which is the closest metal layer to the silicon 
substrate. The horseshoe pattern consists of U-shaped 
metal rings placed beneath each turn. Note that there are 
no closed loops where magnetically induced currents may 
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flow. Thus, the addition of the shield metal does not 
affect the inductance. Fig. 5 shows the 3-D views of the 
coupled inductors and the lumped Π-model. The 
Coupling factors and quality factors which simulated by 
means of Agilent Momentum are shown in Fig.6. 
Physical dimensions of coupled inductors are shown in 
table I. 

2.3 Switched Capacitors Design  
In order to tune the oscillator over a wide frequency range 
within each mode, a large capacitance variation is still 
required. A low-gain VCO is often desirable to minimize 
the AM–PM noise conversion due to noise on the control 
voltage. It is common to use a bank of switched MIM 
capacitors and a small varactor to cover a wide frequency 
range in a low-gain VCO. Therefore, a 3-bit binary 
weighted bank of switched capacitors has been used in 
this design for the coarse frequency tuning within each 
mode.  

 
Fig. 5: the side view of triple-coupled inductors and Lumped Π-model 
used for the triple-coupled inductors 

 

 
  

Fig. 6: Coupling and quality factor simulated by Agilent Momentum 

TABLE I: DIMENTION OF THREE COUPLED INDUCTORS 

 Physical dimensions Metal Width Space Between Turns 
L1 493µm×493µm 15µm 7µm 
L2 382µm×382µm 20µm 3µm 
L3 280µm×280µm 20µm 3µm 

 
For fine tuning, small nMOS varactors with minimum 
channel-length have been used for each mode. Fig.7 
shows detailed schematic of Switched capacitors Bank. In 
this bank in order to reduce the ohmic losses when the 
switch is on, large size switches are used while small size 
switches are used when the switch is off [17]. 

2.4   Design Formula for the Tuning Range 
Fig. 8 shows the binary weighted band switching LC 
tank, which consists of an inductor and capacitor array. 
The capacitance of the capacitor array comprises the 
varactor (Cvar) for the fine tuning of the oscillation 
frequency, the band select switching capacitor (Cs) for the 

 
Fig. 7: Detailed schematic of Switched capacitors Bank  

Fig. 8: binary weighted capacitor bank and its parasitics 

Fr
eq

ue
nc

y

Tuning R
ange

 
Fig. 9: The tuning characteristic of n-bits band switching 

coarse tuning, the parasitic capacitor of the large MOS 
switch (Cd), the parasitic capacitor of the small MOS 
switch (Cpd) and the parasitic capacitor from VCO core 
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(Cp). Each capacitor has two parasitic capacitors as 
shown in Fig 8, Bottom pale and top plate capacitors. Fig. 
9 shows the frequency tuning characteristic using a n-bit 
band switching capacitor. The (OL) is denoted as the ratio 
of frequency overlap between the adjacent bands. In order 
to provide more design insight, Cpd and top plate 
capacitance are omitted. When the switch turns on, the 
additional capacitances will reduce the original tuning 
ratio of the varactor. The explicit expressions of the 
oscillation frequency (fosci) are given as:                                   
 
 
 
                                                                                        (5) 

 
 
 

 
Where ∆Cvar= Cmax_Cmin, Cmax is the maximum 
capacitance of the varactor, Cmin is the minimum 
capacitance of the varactor, (Cs‖(Cd+Cp2) is the parallel 
capacitor when the band switch turns off and Cs when the 
band switch is turn on. The oscillation frequency of each 
sub-band is normalized by the first band to derive the 
tuning ratio (TRi). TRi is defined as the change of 
capacitance divided by total capacitance in the tank as 
given in Eqs.6. The overall tuning range (TR) is thus 
expressed as Eq.7. 
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3. Automatic Amplitude Calibration (AAC) Circuitry  
In practice, the small signal transconductance (gm) is set 
at a value which guarantees the start up with a reasonable 
margin under the worst condition, i.e. gmRT(ω)>1 [18].  
The frequency dependence in RT(ω)=QT.ω.L indicates 
that this worst situation occurs at the lower end of the 
desired frequency range. Increasing gm by this value 
adversely leads to higher noise contribution. On the other 
hand, as the frequency increases, the resultant growth in 
RT reduces the required gm value. Thus, in the wideband 
VCOs which use the transconductors fixed at a 
predetermined critical state, the gm in the upper portion of 
the frequency range exceeds the required value that is a 
waste of power. Oscillation amplitude is an important 
design feature and has a significant influence on the 
neighbor system blocks. In wideband VCOs, large 
changes in RT results in a transition from the current-
limited to voltage-limited regimes by the increase in 
frequency [18].  

In this paper the design of two different automatic 
amplitude control circuitry is presented. Automatic 
amplitude control is desired because without such a 
circuitry it would be impossible for the designer to set the 
VCO current at an optimal level over all conditions [14]. 
The purpose of this design is to create a VCO with wide 
tuning range, good phase noise and very robust 
performance over process and temperature variations.  

3.1    Analog Automatic Amplitude Calibration Loop  
An analog automatic amplitude calibration is used here to 
set the VCO current at an optimal level over a wide 
tuning range. Schematic of the proposed amplitude 
calibration loop composed of peak detector, comparator 
and current source is shown in Fig. 10. A CMOS peak 
detector tracks the output of the VCO, so that the 
measured signal can be used to tune the VCO to the 
correct amplitude. The peak detector would show a linear 
response to the resonant frequency variation. This 
behavior determines the operation of the comparator to 
recognize which frequency is attributed to a given 
amplitude. The total area of the inserted detector and 
comparator should partially contribute the VCO overall 
size and also their total power consumption should be a 
small fraction of the VCO total power. The peak detector 
senses the output swing voltage of the VCO in each mode 
and the differential pair compares this output with the 
reference voltage and filters it in a low pass filter for loop 
stabilization [14]. If the output level of the VCO is larger 
or smaller than the reference voltage, the current biasing 
will decrease or increase, respectively.  
The main drawback of this solution is the low pass 
shaped noise in parallel to the VCO tail current. This 
noise is introduced by AAC loop and can potentially 
affect the output phase through AM-PM conversion due 
to varactors. But it is worth highlighting that the AAC 
loop does not contribute to the wide band noise. In fact 
the differential pair and current mirror are limited in 
band, and a noise at 4GHz cannot propagate to the tail 
generator.  

 Fig. 10: Automatic Analog Amplitude calibration loop 

3.2     Digital Automatic Amplitude Control Circuitry  
Another way to control the amplitude is by digital 
controlled current source. This method has the advantage 
of being active only when the frequency changes. 
Furthermore the open loop nature of this control method 
eliminates any concern of instability. Fig.11 shows the 
digital controlled current source. A combination of these 
control bits controls the active core current consumption 
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too, to optimize the phase noise throughout the frequency 
range. 

 
Fig. 11: Digital Amplitude Control Circuitry 

4.  Simulation Results 
The capacitance variation is obtained by combining a 3-
bit binary-weighted capacitor array and a MOS varactor. 
The VCO is simulated in a 0.18μm CMOS technology. 
Fig. 12 shows the phase noise versus the offset frequency 
at 2 and 3 GHz. In Fig. 13 the simulated VCO frequency 
range is shown.B2B1B0 is a 3-bit control word of the 
capacitor bank. Vtune is the varactor control voltage as it 
changes from 0 to 0.9 V for all coarse tuning bits and for 
the two modes. Modes 1 and 2 are the lower and higher 
frequency modes of operation which cover 1.7 to 2.5 and 
2.45 to 3.3 GHz frequency intervals, respectively with 
about 50 MHz overlap between these modes. The 
performance of the wideband CMOS VCO designed in 
this work has been summarized in Table 1 and compared 
with recent reports in Table 2. To compare the 
performance of our oscillator to recently reported results, 
we define two figures of merit. First, the figure of merit 
taking the phase noise performance and power 
consumption into account is quoted here as [19]: 
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where, k is the Boltzmann constant, T is the absolute 
temperature, ωo is the carrier frequency, and L(Δω) is the 
phase noise at a Δω offset from the carrier that is 
expressed in [20]. To take tuning range into account in 
the comparison of different oscillators, a second figure of 
merit called power-frequency-tuning-normalized (PFTN) 
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was devised. where  ωmax and ωmin are respectively the 
maximum and minimum oscillation frequencies. Fig. 14 
shows the phase noise performance across the VCO 

frequency range for calibrated and uncalibrated scenarios. 
In the uncalibrated case, the bias current is set just high 
enough to satisfy start-up requirements at the low-end of 
the tuning range and remains constant. At the upper-end 
of the tuning range, this results in a tank amplitude that is 
too large and considerably degrades phase noise, as 
discussed in Section 3. In the calibrated case, the bias 
current is effectively scaled down with frequency to 
maintain the tank amplitude approximately constant, 
helping to sustain the phase noise performance over the 
upper-end of the tuning range. The combination of lower 
phase noise and lower power consumption for the 
calibrated scenario yield a significantly improved FOM in 
the upper half of the frequency range. 

5.  CONCLUSION 
Design of a dual mode LC VCO has been reported in a 
0.18 μm CMOS process. This system is capable to 
operate at two different frequencies with a wide (64%) 
tuning range. The phase noise at 1 MHz offset from the 
carrier frequencies of 2 and 3 GHz are respectively -125 
and -122 dBc/Hz, and also the VCO power consumption 
is 3.5-5 mW using a 0.9 V power supply. Performance of 
this VCO is stabilized through the entire tuning range by 
the means of both analog and digital automatic amplitude 
calibration circuitries which consumes negligible power 
and area. 

 
 (a) 

 
(b) 

Fig. 12: Phase noise versus the offset frequency (a) 2 and (b) 3 GHz 
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Fig. 13: Simulated VCO frequency range 

 
Fig. 14: Phase noise @1MHz for calibrated and uncalibrated cases 

TABLE II: PERFORMANCE OF THE DESIGNED CMOS VCO 

 Mode 1 Mode 2 
Frequency TR (GHz) 1.7-2.5 2.45-3.3 
PN@1MHz (dBc/Hz) -125 -122 
Power Consum (mW) 5 3.5 

Technology (µm) 0.18 0.18 
Supply (V) 0.9 0.9 

TABLE III: COMPARISON WITH RECENTLY REPORTED CMOS VCOS 

Ref. 
No. Tech. 

Cent. 
Freq. 
(GHz) 

TR 
(%) 

PN 
@1MHz 

Power 
(mW) 

PFTN 
(dB) 

1 90nm 
CMOS 11.75 62 -106 7.7 0.57 

2 0.18µm 
CMOS 2.41 20 -117 0.365 -0.41 

4 0.18µm 
CMOS 1.75 143 -102 6 

28 
-11.6 
-18.3 

5 0.13µm 
CMOS 4.6 69 -104 1 

8 
1.29 
-7.73 

7 65nm 
CMOS 5.25 78 -115 

-102 24 -13.4 
-0.4 

16 0.13µm 
CMOS 2.28 4.6 128 -117 4.3 

9.1 
10.4 
7.16 

17 0.18µm 
CMOS 1.8 73 -126 10 10.3 

4.5 
This 
work 

0.18µm 
CMOS 

2 
3 64 -125 

-122 
5 

3.5 
11.5 
9.4 

ACKNOWLEDGEMENT 
The first author would like to express her great 

appreciation to Mr. Amir Nikpaik for his kind and helpful 
collaboration. 

REFERENCES 
[1] M. Demirkan, S.  Bruss, and R. Spencer, “11.8 GHz CMOS VCO 

with 62% tuning range using switched coupled inductors,” Proc. 
IEEE Radio Freq. Integr. Circ. Symp., pp. 401–404, June 2007. 

[2] D. Park, and S. Cho, “Design techniques for a low-voltage VCO 
with wide tuning range and low sensitivity to environmental 
variations,” IEEE T. Microw. Theory, vol. 57, pp. 767–774, April 
2009. 

[3] A. Kral, F. Behbahani, and A. A. Abidi, “RF-CMOS oscillators 
with switched tuning,” Proc. IEEE Custom Integr. Circ. Conf., pp. 
555–558, May 1998. 

[4]  L. Hung, H. Hsieh, and Y. Liao, “A wide tuning-range CMOS 
VCO with a differential tunable active inductor,” IEEE T. Microw. 
Theory, vol. 54, pp. 3462–3468, September 2006. 

[5]  A. Bevilacqua , F. P. Pavan, C. Sandner, A. Gerosa, and A. 
Neviani, “Transformer-based dual-mode voltage-controlled 
oscillators,” IEEE T. Circuits-II, vol. 54, pp. 293–297, April 2007. 

[6]  L. Geynet, E. De Foucauld, P. Vincent, and G. Jacquemod, 
“Fully-integrated multi-standard VCOs with switched LC tank and 
power controlled by body voltage in 130 nm CMOS/SOI,” Proc. 
IEEE Radio Freq. Integr. Circ. Symp., 9061455 (4pp) June 2006. 

[7] G. Cusmai, M. Repossi, G. Albasini, A. Mazzanti, and F. Svelto, 
“A magnetically tuned quadrature oscillator,” IEEE J. Solid-St. 
Circ., vol. 42, pp. 2870–2877, December 2007. 

[8] E. Hegazi, H. Sjoland, and A. A. Abidi, “A filtering technique to 
lower LC oscillator phase noise,” IEEE J. Solid-St. Circ., vol. 36, 
pp. 1921–1930, December 2001. 

[9] Y. Lin, K. H. To, J. S. Hamel, and W. M. Huang, “Fully integrated 
5GHz CMOS VCOs with on chip low frequency feedback circuit 
for 1/f induced phase noise suppression,” Proc. ESSCIRC, pp. 
551–554, September 2002. 

[10]  C.-H. Heng, A. Bansal, and S. J. Cheng, “Techniques for 
improving CMOS VCO performance," IEEE Int. Symp. Radio-
Freq. Integr. Technol., pp. 182-186, January 2009. 

[11]  R. Aparicio, and A. Hajimiri, “A noise-shifting differential 
Colpitts VCO,” IEEE J. Solid-St. Circ., vol. 37, pp. 1728–1736, 
December 2001. 

[12]  A. Hajimiri, and T. H. Lee, The design of low noise oscillators. 
New York: Kluwer Academic Publishers, 1999. 

[13] A. Mazzanti, and P. Andreani, “Class-C harmonic CMOS VCOs, 
with a general result on phase noise,” IEEE J. Solid-St. Circ., vol. 
43, pp. 2716–2728, December 2008. 

[14] J.W.M. Rogers, D. Rahn, and C. Plett, “A study of digital and 
analog automatic-amplitude control circuitry for voltage-
controlled ocillators,” IEEE J. Solid-St. Circ., vol. 38, pp. 352–
356, February 2003. 

[15] Z. safarian and H. Hashemi, “Wideband multi-mode CMOS VCO 
design using coupled inductors,” IEEE T. Circuits-I, vol. 56, pp. 
1830–1843, August 2009. 

[16] T. D. Cheung and J. R. Long, “Shielded Passive Devices for 
Silicon-Based Monolithic Microwave and Millimeter-
WaveIntegrated Circuits, ” IEEE J. Solid-St. Circ., vol. 41, pp. 
1183–1200, May 2006. 

[17] P. Rossi, A. Liscidini, M. Brandolini and F. Svelto,“ A Variable 
Gain RF Front-End, Based on a Voltage–Voltage Feedback 
LNA,for Multistandard Applications, ” IEEE J. Solid-St. Circ., 
vol. 40, pp. 690-697, March 2005. 

[18] A. Berny, A. M. Niknejad, and R. G. Meyer, “A 1.8-GHz LC 
VCO with 1.3-GHz tuning range and digital amplitude 
calibration,” IEEE J. Solid-St. Circ., vol. 40, pp. 909–917, April 
2005. 

[19] D. Ham, and A. Hajimiri, “Concepts and methods in optimization 
of integrated LC VCOs,” IEEE J. Solid-St. Circ., vol. 36, pp. 896-
909, June 2001. 

[20] A. Hajimiri, and T. H. Lee, “A general theory of phase noise in 
electrical oscillators,” IEEE J. Solid-St. Circ., vol. 33, pp. 179–
194, February 1998. 

59



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


