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Abstract—The design and implementation of a first 
generation evanescent-mode cavity impedance tuner for 
reconfigurable radar transmitters is presented.  The impedance 
tuner is capable of handling 90 W of radio-frequency (RF) 
power.  The tuner can be used as a reconfigurable load matching 
network for an amplifier device to maximize the power-added 
efficiency (PAE) while meeting adjacent-channel power ratio 
(ACPR) or spectral mask constraints.  Algorithms expected to be 
useful in fast tuning of this device are described, including a 
modified gradient approach for the optimization of the PAE 
while meeting constraints on the ACPR.  Instead of tuning based 
on the reflection coefficient, which requires pre-characterization 
of the tuner, the resonant cavity position numbers of the tuner 
can be directly adjusted.  Initial results are shown using an 
interval-halving search for optimization of PAE that directly 
tunes the cavity position numbers to optimize the tuner.  This 
search is more resilient to drift and other repeatability issues that 
influence characterization.  The fast optimization of this tuner is 
designed to give radar transmitter power amplifiers frequency 
agility in congested spectral environments.       

Keywords—Evanescent-mode cavity resonator, power amplifier, 
optimization, impedance tuner, reconfigurable circuit, radar 
systems, spectrum  

I. INTRODUCTION 
Future radar systems must  be adaptive and reconfigurable 

to meet the demands of the dynamic wireless spectrum.  
Spectrum allocation is moving toward a dynamic spectrum 
access model, where spectrum is allocated in real time based 
on needs of members of a system of systems.  Adaptive radar 
[1]-[2] and cognitive radar [3]-[4] systems are capable of 
responding dynamically to the surrounding environment.  To 
implement an adaptive and reconfigurable radar transmitter, 
the RF circuitry of the radar transmitter must  be 
reconfigurable [5].  Because of the large amount of power 
required by the transmitter’s power amplifier, its efficiency is 
of significant importance, and its performance can be 
maximized by tuning it in real-time with a tunable matching 
network [5]-[6].     

While reconfigurable amplifiers have been widely 
demonstrated for use in communication systems, their use for 
radar transmitters has been viewed with skepticism due to the 
high power-handling requirements of radar applications.  
However, recent developments in tunable circuits show the 
potential for higher power handling [7]-[8].  We recently 
demonstrated an evanescent-mode (EVA) cavity tuner capable 
of handling 90 W of RF power [9].  This demonstrates 
significant advancement  of the state-of-the-art toward power 
levels necessary for radar applications.  Plasma devices may be 
used in the future to further increase output power capabilities 
[10].     

II. NEXT-GENERATION RADAR TRANSMITTER 
The work described herein  has been performed to develop 

capabilities for reconfigurable amplifiers in the framework of a 
next-generation radar transmitter concept illustrated in Fig. 1 
[11].  A reconfigurable amplifier with a tunable load matching 
network will be needed in order to optimize the amplifier 
performance for dynamically varying operating frequency 
assignments, changing bandwidths, and different waveforms 
resulting from changing range/Doppler resolution objectives.  
The tunable amplifier and matching network will be controlled 
by an Field Programmable Gate Array (FPGA), along with a 
signal generator that can vary the amplifier input waveform.  
The amplifier output should be measured by an on-device 
power sensor to assess output power and efficiency and a 
spectrum analyzer to verify compliance with spectral 
requirements.   

The reconfigurable power amplifier must be able to 
withstand large amounts of RF power, and must also be able to 
quickly adjust the impedance presented to the amplifier device.  
The amplifier is a key building block for spectrum 
compatibility.  To produce the large power levels needed for 
radar applications with high power efficiency, the amplifier 
must typically be operated in its nonlinear region, causing 
significant spectral spreading due to intermodulation.  In range 
radar applications where a high bandwidth is desirable for good 
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range resolution, this presents  challenges in meeting spectral 
mask requirements.   

 

Fig. 1.  Adaptive and reconfigurable radar transmitter [11].  The 
reconfigurable amplifier with a tunable load matching network is the 
focus of the work described herein.. 

The adaptive and reconfigurable radar amplifier should 
ultimately be capable of simultaneously optimizing its circuitry 
and output waveform to achieve (1) desirable range/Doppler 
resolution characteristics, (2) high  PAE, and (3) a spectrally 
compliant output waveform.        

III. HIGH-POWER TUNER TECHNOLOGY 
A high-power reconfigurable impedance tuner was 

designed using tunable EVA  cavity resonator technology 
implemented in a substrate integrated waveguide (SIW).  
Figure 2 shows the layout of the tuner, composed of two 
coupled and independently controlled resonant cavities.  In 
each resonator, a piezo actuator can move up and down to 
adjust the resonant frequency of the tuner by changing the gap 
size over a capacitive post in the center of the resonator.  The 
piezo discs are placed atop silver epoxy layers, which sit on top 
of copper foils.  Figure 3 shows a multilevel layout  of the 
impedance tuner with dimensions.  The height of each cavity is 
1.27 mm, with cavity radius of 6.6 mm and post height of 1.5 
mm.  The total board thickness is 1.34 mm [9].   

 
Fig. 2.  Substrate integrated waveguide cavity resonator tuner layout  

Monitoring and control functions are  performed using a 
monitoring resonator placed atop the tuning resonator.  As the 
disc is raised, increasing the gap of the primary resonant cavity, 
the gap of the monitoring resonator is decreased, lowering its 
resonant frequency.  As such, the decrease in resonant 
frequency of the monitoring resonator can be used to determine 
the increase in resonant frequency of the primary resonator.  
Figure 4 shows that the monitoring resonator is the reference 
for  an oscillator.  The oscillator’s output is frequency divided 
todiscern the frequency of oscillation and this information is 
provided  to a control system [8].   
 

 
 

Fig. 3.  Tuner multilevel layout , including capacitive posts, with 
dimensions, reprinted from [9].   

Fig. 4.  Discernment of the resonant frequency using a monitoring 
resonator, oscillator, and frequency divider (similar to [8]).   

The two-pole impedance tuner, implemented using the SIW 
structure, is shown in Fig. 5, where coaxial connectors are 
employed for external connections.  Figure 6 shows the 
completed tuner system, including the tuner with monitoring 
resonators, the oscillator and frequency divider, a charge pump, 
a FPGAcontroller, and a Universal Serial Bus (USB) interface.  
This tuner was packaged for simple portability, as shown in 
Fig. 7.   

       
                           (a)                                                     (b)  

Fig. 5.  Resonant impedance tuner circuit, including (a) bottom view  
and (b) top view including the attached piezo discs.  Reprinted from 
[9]. 

 
Fig. 6.  Complete impedance tuner system, including the tunable 
circuit with monitoring resonators, the oscillator and frequency 
divider, anFPGAcontroller, and a USB interface.  Reprinted from [9].  
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Fig. 7.  Packaged impedance tuner system with SMA input and output 
connectors 

A tuner characterization was performed to assess the 
coverage of the Smith Chart.  Simulated and measured values 
of the tuner input reflection coefficient at 3.3 GHz are shown 
in Figures 8(a) and 8(b), respectively.  The tuner demonstrates 
excellent coverage of the Smith Chart, with the exception of a 
small circle in the upper right corner.  This “circle of 
unreachable reflection coefficient states” can be rotated to any 
desired location, where it will then be away from the region of 
interest, by placing a variable phase shifter between the 
amplifier device and the tuner in the final system.     

  
                          (a)                                                   (b) 
Fig. 8.  (a) Simulated (reprinted from [9]) and (b) measured tuner 
input reflection coefficient values at 3.3 GHz   

Figure 9 demonstrates the power handling capability of the 
device.  Figure 9(a) shows that the tuner loss is nearly constant 
until 40 dBm (10 W) of input power and then starts to increase.  
This increase is actually related to the compression of the 
employed power amplifier for this measurement.  No gas 
breakdown, which is the main concern of high-power 
capability, was observed, which indicates that the device can 
provide reliable performance up to at least 90 W.  Figure 9(b) 
shows the tuner transmission coefficient over the frequency 
range from 2 GHz to 4.5 GHz at different values of input 
power.  This measurement shows that the tuner possesses good 
transmission in a 50  environment (using large  as the 
metric)  from near 2.9 GHz to 3.3 GHz with input power up to 
about 90 W. 

 
      (a) 

 
                                                             (b) 

Fig. 9.  (a) Transmission coefficient magnitude (a) versus input power 
and (b) over frequency for different input power values.    

IV. FAST OPTIMIZATION ALGORITHMS FOR TUNER USE 
The tuner can be optimized using a direct constrained 

optimization search algorithm, as described initially by Fellows 
[12] and applied to the high-power tuners by Hays [13].  The 
algorithms are based on estimating the gradients of the PAE 
and ACPR, as shown in Fig. 10.  The gradients are estimated 
by measuring  just to the right and just above the candidate 

 in the Smith chart.  From the gradient estimations of  
(PAE gradient) and  (ACPR gradient), the optimum travel 
directions for PAE and ACPR are given as follows, 
respectively [12]: 

 

 

    

 
Fig. 10.  Neighboring-point measurements for estimation of the PAE 
and ACPR gradients in the Smith chart 

Equation (2) contains a negative sign, because the optimum 
ACPR direction is in the direction of ACPR steepest ascent, 
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whereas the optimum PAE direction is in the direction of PAE 
steepest ascent and does not require a negative sign. 

The goal of the optimization is to find the value of  that 
obtains the maximum PAE while providing an ACPR less than 
a pre-specified constraint value, .  The construction 
of the search vector  to the next candidate is based on the  
and  vectors as follows [12]: 

 

for cases where  (out of compliance) and   

  

for cases where  (in compliance).  The 
magnitudes of the vector components are defined as follows 
[12]:   

 

 

Figure 11 shows the search vector construction in the two 
scenarios.     

      
                              (a)                             (b) 
Fig. 11.  Search vector construction for (a) ACPR out of compliance 
and (b) ACPR in compliance.  Reprinted from [12] for convenience.   

     

Prior to demonstration on the high-power tuner, the search 
algorithm was successfully demonstrated using a traditional 
load-pull measurement test bench with mechanical tuners from 
Maury Microwave.  A Skyworks packaged amplifier was used 
as the device under test.  Figures 12 and 13 show fast search 
algorithm measurement results starting from two different 
starting  values [12].  The fast measurement search starting 
from  0 converges in only 13 measurements (Fig. 12(a)), 
while the fast measurement search starting from 0.9/180° 
converges in only 22 measurements.  Both results attain similar 
PAE values (6.881% and 6.529%, respectively) [12].     

In using this algorithm on the high-power tuner, several 
issues come to bear.  These include the repeatability and 
stability of the tuner, as well as the characterization density.  
However, the  based search algorithm is still effectively used 
through the use of some strategic techniques, described in a 
recently submitted journal manuscript [13].   

Device input power [14] and bias voltage [15] can be co-
optimized with load impedance to obtain even better efficiency 
results and spectral performance.  The Smith Tube allows the 
plotting of an additional component as a vertical axis in 

addition to the standard Smith Chart, which is shown in the 
horizontal plane.  Figure 13 shows the Power Smith Tube and 
the Bias Smith Tube.   

 
      (a)                                                    (b) 

Fig. 12.  Skyworks packaged amplifier fast search algorithm 
measurement results from starting points (a)  0, (b)  
0.9/180°.  Reprinted from [12].   

       
                   (a)                                                        (b) 
Fig. 13.  (a) Power Smith Tube [14] and (b) Bias Smith Tube [15] 

The PAE and ACPR are significantly dependent on , 
input power , and, for a field-effect transistor (FET), both 
the drain-source bias voltage  and the gate-source bias 
voltage .  As such, the quickest way to find an optimum 
solution is to tune the parameters simultaneously.   

Figure 14 shows results from a simultaneous optimization 
of  and  in the Power Smith Tube for a Microwave 
Technologies MWT-173 FET.  The search was performed to 
maximize PAE while maintaining ACPR  -40 dBc [14].   

In tuning the resonant cavities, another approach is to 
directly tune the resonant cavity position numbers, as described 
in a recent conference paper [16].  This removes the issue of 
the characterization’s repeatability, which is based on the 
tuner’s sensitivity to movement and temperature changes.  A 
first-step experiment was performed by optimizing only for 
PAE, with no ACPR constraint.  An interval-halving approach 
to optimizing the resonant cavity position numbers for 
maximum PAE is shown in Fig. 15. The interval halving is 
performed first on the position number for cavity 1 ( ), 
followed by the position number for cavity 2 ( ).  For each 
position number, , the minimum value  and maximum 
value  are specified.  A measurement is then performed at 
the center position number of the interval ( ).  A value is then 
measured at a slightly greater value .  If the PAE value 
is greater at , then the interval is halved upward, 
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selecting  as the next point for measurement halfway 
between  and , as shown in Fig. 15(a).  If instead the 
PAE value is lower at  than at , then the interval is 
halved downward, with  selected as the next point for 
measurement halfway between  and , as shown in Fig. 
15(b).  The interval halving process continues successively 
until the PAE changes less than 1 percent in moving from the 
center point of one interval to the center point of the next 
(smaller) interval during the halving process [16].   

 
Fig. 14.  Fast joint optimization of  and  using the Power Smith 
Tube from starting point  0.9/0°,  = 0 dBm.  The search 
endpoint is  0.77 / 176.4°  and  21.21 dBm, giving PAE = 
41.44% and ACPR = -40.05 dBc.  Reprinted from [14].     

 

       
 
 

 
(a) 

 
 
 
 

 
   (b) 

Fig. 15.  Tuner search algorithm using interval halving of each 
resonant cavity position number .  Interval halving is performed 
successively for , the position number of resonant cavity 1, and , 
the position number of resonant cavity 2.  Reprinted from [16].       

 
Figure 16 shows the results of an interval halving search 

performed for an MWT-173 FET with bias  -1.5 V,  
= 4.5 V, and  14 dBm.  The search converged to a PAE 
of 20.78% at  7147,  7902, with a total of 22 
measurements in the search.  The Smith Chart trajectory for 
the search (plotting the values of  corresponding to the 
combinations  used in the search) is shown in Fig. 17. 

Ongoing research involves the development of a 
constrained vector-based modified gradient algorithm that will 
effectively work in the resonant cavity position-number plane.  
Some challenges have resulted from trying to incorporate the 
modified gradient search algorithm used previously in the 
Smith Chart to the  plane, due to contour 

nonconvexities often observed in the  plane.  An 
approach to optimize  using a characterization of the high-
power tuner is also discussed in a recent paper submission 
[17].    

 
Fig. 16.  Resonant cavity position number interval-halving search 
measurement results for an MWT-173 FET at f = 3.3 GHz,  -
1.5 V,  4.5 V, and  14 dBm.  A maximum PAE of 
20.78% was found for 7147,  7902 (estimated  
0.10/148.5°), with 22 total measurements.  Reprinted from [16].   
 

 
Fig. 17.  Smith chart search trajectory for the Fig. 16 search.  
Reprinted from [16].   

V. CONCLUSIONS 
A reconfigurable EVA  cavity tuner capable of handling 90 

W of RF power has been demonstrated, along with 
optimization algorithms that will be useful to provide real-time 
reconfigurability.  The tuner has been designed as a first step 
toward constructing an adaptive, reconfigurable radar 
transmitter.  An interval-halving search using direct tuning of 
the resonant cavity position numbers is demonstrated to 
maximize the PAE of the amplifier device.  In addition, a 
vector-based, modified gradient search previously 
demonstrated using traditional load-pull tuners is expected to 
be used in maximizing the PAE  while meeting the constraints 
of the ACPR .  Fast optimization techniques will allow the 
tuner to adjust its behavior in response to dynamically 
changing spectral requirements in a congested spectral 
environment.   

6.5 6.6 6.7 6.8 6.9 7 7.1 7.2 7.3 7.4
6.8

7

7.2

7.4

7.6

7.8

8

8.2
8.3

f1 (GHz)

f 2 (G
H

z)

   

  

 

 

 

START 

END 

START 

END 

978-1-5386-4167-5/18/$31.00 ©2018 IEEE 0488



ACKNOWLEDGMENTS 
This work has been funded by the Army Research Laboratory 
(Grant No. W911NF-16-2-0054) and the National Science 
Foundation (Grant No. ECCS-1343316).  The views and 
opinions expressed do not necessarily represent the opinions 
of the U.S. Government.  The authors are grateful to John 
Clark of the Army Research Laboratory for assistance in 
development of this paper.  

REFERENCES 
[1] L.E. Brennan and I.S. Reed, “Theory of Adaptive Radar,” IEEE 

Transactions on Aerospace and Electronic Systems, Vol. 9, No. 2, 
March 1973, pp. 237-252.   

[2] J.S. Goldstein and I.S. Reed, “Theory of Partially Adaptive Radar,” 
IEEE Transactions on Aerospace and Electronic Systems, Vol. 33, No. 
4, October 1997, pp. 1309-1325.   

[3] S. Haykin, “Cognitive Radar:  A Way of the Future,” IEEE Signal 
Processing Magazine, January 2006, pp. 30-40.   

[4] J. Guerci, Cognitive Radar:  The Knowledge-Aided Fully Adaptive 
Approach, Artech House, 2010.   

[5] N. Kingsley and J.R. Guerci, “Adaptive Amplifier Module Technique to 
Support Cognitive RF Architectures,” Proceedings of the 2014 IEEE 
Radar Conference, Cincinnati, Ohio, May 2014, pp. 1329-1332.   

[6] J.-S. Fu and A. Mortazawi, “Improving Power Amplifier Efficiency and 
Linearity Using a Dynamically Controlled Tunable Matching Network,” 
IEEE Transactions on Microwave Theory and Techniques, Vol. 56, No. 
12, December 2008, pp. 3239-3244.   

[7] X. Liu, L.P.B. Katehi, W.J. Chappell, and D. Peroulis, “High-Q Tunable 
Microwave Cavity Resonators and Filters Using SOI-Based RF MEMS 
Tuners,” Journal of Microelectromechanical Systems, Vol. 19, No. 4, 
August 2010, pp. 774-784.   

[8] M. Abu Khater, Y.C. Wu, and D. Peroulis, “Tunable Cavity-Based 
Diplexer With Spectrum-Aware Automatic Tuning,” IEEE Transactions 
on Microwave Theory and Techniques, Vol. 65, No. 3, pp. 934-944, 
March 2017.   

[9] A. Semnani, M. Abu Khater, Y.-C. Wu, and D. Peroulis, “An 
Electronically-Tunable High-Power Impedance Tuner with Integrated 
Closed-Loop Control,” IEEE Microwave and Wireless Components 
Letters, Vol. 27, No. 8, August 2017, pp. 754-756.   

[10] A. Semani, D. Peroulis, and S. Macheret, “Plasma-Enabled Tuning of a 
Resonant RF Circuit,” IEEE Transactions on Plasma Science, Vol. 44, 
No. 8, August 2016, pp. 1396-1404.   

[11] C. Baylis, M. Fellows, L. Cohen, and R.J. Marks II, “Solving the 
Spectrum Crisis:  Intelligent, Reconfigurable Microwave Transmitter 
Amplifiers for Cognitive Radar,” IEEE Microwave Magazine, Vol. 15, 
No. 5, July 2014, pp. 94-107.     

[12] M. Fellows, C. Baylis, J. Martin, L. Cohen, and R.J. Marks II, “Direct 
Algorithm for the Pareto Load-Pull Optimization of Power-Added 
Efficiency and Adjacent-Channel Power Ratio,” IET Radar, Sonar & 
Navigation, Vol. 8, No. 9, December 2014, pp. 1280-1287.  

[13] L. Hays, C. Kappelmann, S. Rezayat, A. Semnani, M. Abu Khater, D. 
Macias, A. Egbert, C. Baylis, D. Peroulis, E. Viveiros, and J. Penn, 
“Fast Circuit Optimization Using a Tunable Resonant Cavity Matching 
Circuit for Next-Generation Adaptive Radar Transmitter Applications,” 
submitted to IEEE Transactions on Aerospace and Electronic Systems, 
October 2017. 

[14] J. Barkate, M. Flachsbart, Z. Hays, M. Fellows, J. Barlow, C. Baylis, L. 
Cohen, and R.J. Marks II, “Fast, Simultaneous Optimization of Power 
Amplifier Input Power and Load Impedance for Power-Added 
Efficiency and Adjacent-Channel Power Ratio Using the Power Smith 
Tube,” IEEE Transactions on Aerospace and Electronic Systems, Vol. 
52, No. 2, April 2016, pp. 928-937.   

[15]  M. Fellows, L. Lamers, C. Baylis, L. Cohen, and R.J. Marks II, “Smith 
Tube Optimization of Drain Voltage and Load Reflection Coefficient to 
Maximize Power-Added Efficiency under ACPR Constraints,” accepted 
August 2017 for publication in IEEE Transactions on Aerospace and 
Electronic Systems.    

[16]  Z. Hays, C. Kappelmann, L. Lamers, C. Baylis, M. Abu Khater, A. 
Semnani, D. Peroulis, E. Viveiros, and J. Penn, “Fast Impedance 
Matching Using Interval Halving of Resonator Position Numbers for a 
High-Power Evanescent-Mode Cavity Tuner,” 2018 IEEE Radio and 
Wireless Symposium, Anaheim, California, January 2018.   

[17]  L. Hays, C. Kappelmann, S. Rezayat, A. Semnani, M. Abu Khater, D. 
Macias, A. Egbert, Z. Hays, C. Baylis, D. Peroulis, E. Viveiros, and J. 
Penn, “Fast Circuit Optimization Using a Tunable Resonant Cavity 
Matching Circuit for Next-Generation Adaptive Radar Transmitter 
Applications,” submitted  to IEEE Transactions on Aerospace and 
Electronic Systems, October 2017.   

 
  

 
 

978-1-5386-4167-5/18/$31.00 ©2018 IEEE 0489



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


