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Abstract — The EMC input filter design for a three-phase PWM
rectifier is usually separated into the design of the differential (DM)
and of the common mode (CM) stage. While for the DM filter part
design rules and procedures are well-known and the parameters are
easier to derive, the CM filter design is often based on trial-and-error
methods and/or on the experience of the designer. In this work, a
comprehensive design procedure for a CM EMC input filter is per-
formed exemplarily for a three-phase three-switch buck-type PWM
rectifier with an integrated boost output stage. A simplified model of
the CM noise propagation is developed and the relevant parasitic
impedances are identified. A capacitive connection from the star-point
of the DM input filter to the capacitive centre point of the rectifier
output voltage is proposed and the effect of this measure concerning
CM EMC is verified. Finally, a two stage CM filter is designed and
the compliance to the conducted emission requirements of CISPR 22
Class A is verified through measurements on a 5 kW prototype.

I.INTRODUCTION

Three-phase buck-type PWM rectifier systems (also known
as current source rectifiers, cf. Fig.1, [1]) are frequently em-
ployed as front-end converters in utility interfaced systems
such as power supplies for telecommunication systems, process
technology and AC drive applications. For the case at hand the
power converter is intended to supply IT equipment and for
such an application the limits stated in CISPR22 for Class B
equipments [2] apply and are the aim of the present work.

Due to the discontinuous input currents of the system [1] at
least a single-stage LC differential mode (DM) input filter is
obligatory, however, for full compliance to EMC standards [3]
the conducted DM and common mode (CM) conducted emis-
sions (CE) propagating to the mains have to be attenuated
sufficiently. Since the DM filter mainly defines the power den-
sity, the low-load power factor and the dynamics of the system,
it is advantageous to design this filter stage in a first step, by
employing either a numerical calculation procedure or using a
CM/DM separator as presented in [4] for the buck-rectifier

system. For the rectifier used here, the DM filter stage designed
in [4] is used.

The second step, the CM filter design is, in practice, often
based on a trial-and-error and/or on the experience of the de-
signer due to the inherently difficult prediction of the CM noise
source characteristics in complex power electronics systems
[31[5]. Accurate models for prediction have been proposed for
boost-type rectifiers [6][7][8], where a relatively high effort is
put on the numerical or mathematical modeling of the noise
paths and sources. However, if a first prototype of the system is
available, which can be used for the EMC evaluation, a simpli-
fied model of the CM noise propagation paths can also be
achieved through the direct measurement of parasitic imped-
ances of the system components [10]. Thus, the emission levels
can be predicted with the necessary accuracy and the attenua-
tion requirements for a CM input filter can be identified. For
the case at hand the boost stage is not operating, but the capaci-
tive connection between the semiconductors Sz and Djg are
taken into consideration.
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Fig.1: Structure of the power circuit of a three-phase three-switch buck PWM
rectifier with integrated boost output stage designed as the input stage of a
5 kW telecommunications power supply switching at 28 kHz. For clarity, only
the DM filter components [4] that are relevant for the CM filter design (Lpu;
and C;;) are shown, where Lp,,; is the sum of all DM filter phase inductances.
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Fig.2: Propagation model of the common mode currents in the rectifier system used for deriving the CM noise model.

This work presents the different tasks performed for the CM
filter design and evaluation, starting in Section II, where a
simplified equivalent CM noise propagation model is devel-
oped and the relevant parasitic capacitances are identified
through impedance measurements. The effect of a HF connec-
tion of the star-point of the DM input filter capacitors to the
output of the rectifier is analyzed in Section III concerning its
effect on the modeled CM noise paths. A two-stage conven-
tional CM input filter is designed in Section IV, which
presents the selection of the filter components aiming to
achieve the filter’s required attenuation. Furthermore, the
damping effect and/or insertion loss of the employed filter
elements is analyzed. Finally, in Section V the compliance to
CISPR 22 Class B limits is verified through CE measurements
on a 5 kW prototype employing the proposed CM filter.

II. COMMON MODE NOISE PROPAGATION MODELING

A simplified circuit model for the CM noise propagation
paths and sources is developed (cf. Fig.3), which sets the basis
for the identification of the filtering requirements and the
analysis of the effect of the placement of the filtering elements.
The main propagation paths of the CM current are shown in
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Fig.3: CM noise propagation model for the three-phase buck-type PWM recti-
fier with integrated boost output stage. Components values: Lpy = 270 pH;
Ly=2mH; Cy= 750 uF ; Cyp.gnp = 141 pF 5 Croonp = 57 pF 5 Ceoonp =
283 pF.

Fig.2 through lumped capacitances from the components to the
heatsink, which for the system at hand is connected to the
power distribution protective earth (PE). The common mode
current icy, flowing through the three phases and the three DM
filter inductors to the mains causes an according noise level at
the supplying mains and/or LISN network (in case of the CE
testing process). Assuming, due to L;y; at high frequencies,
an ideal decoupling of the EUT to the mains, and a perfect
coupling with the test receiver, through Cjgy; in a simplified
consideration, the equivalent high frequency circuit Fig.3 is
obtained and used in the following analysis.

The CM current path is closed through the parasitic capaci-
tances (Cyp.gnp, Cco-gyp and Cro.gap) between the PE terminal,
the heatsink and the elements of the power circuit. For the CM
current the three phases are lying in parallel, therefore, one
third of the DM input filter inductor value becomes effective as
depicted in Fig.3, and one third of the test receiver sensing
input resistance R;sy; is seen by the common mode current.
The capacitance Cyp.gyp 1s the lumped capacitance model for
the high frequency connection between the power modules (S,
Ss, S7) and the heatsink. It is drawn in Fig.2 in the negative rail
since a higher capacitance is observed at the anodes of the di-
odes.

Still regarding CM paths, on the DC side of the rectifier cir-
cuit, the two DC inductances Lyp. = Ljy. = Ly/2 are lying in
parallel. If the capacitances from the output capacitors to
ground, which are distributed parasitic capacitances, are
summed into a single total capacitance Ccy.gyp, One path with
output capacitance Cyresults and this path is modeled with the
equivalent series inductance ESLco of the output electrolytic
capacitors. The capacitance Ccy.gyp models the influence of the
parasitic capacitive connection from the boost switch Sz and
diode Dj to the heatsink, once the output capacitors are seen as
low impedances for high frequency current components. The
distributed capacitances from the load resistor to ground are



modeled through Cgg.gxp from the load middle-point to ground
which results in a path with R, /4.

The rectifier itself is modeled as a common mode voltage
source ucy that drives the potential between the star-point of
the rectifier input (lying at the star-point of the DM input filter
capacitors, which are not relevant for the CM noise model) and
the middle-point of the rectifier output.

Furthermore, the parasitic capacitances from the differential
mode filter inductors Cj4, and from the output inductors Cy,
are not taken into consideration because their resonance fre-
quency is above 1 MHz. In a more detailed model, where
emissions at higher frequencies are to be attenuated, these pa-
rameters are of great importance and should not be discounted.

For the measurement and estimation of the relevant capaci-
tances (Cyp.gvp, Cco.gvp and  Crogyp), three impedance
measurements are performed with an impedance analyzer
Agilent 4294A, well suited for the relevant frequency range.
For evaluating Crpgnp a simple impedance measurement is
carried out with disconnected power cables leading to a high
frequency equivalent circuit presenting a resistor, a inductor
and a capacitor is series, from which only the capacitance value
is used in this design procedure and has a value of
Cro.onp = 57 pF.

The mathematical estimation of the relevant capacitances
Cup.gyp and Ccogyp 18 performed through two impedance
measurements. The rectifier is disconnected from the mains
and the load and the impedances Zyp.gyp and Zco.gyp are
measured according to the setup shown in Fig.4. The results
from these measurements are presented in Fig.5. Simple
equivalent C-L-R circuits are taken as approximation within
the frequency range close to 600 kHz due to the high order
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Fig.4: Setup for the impedance measurements performed in order to evaluate
the CM noise paths within the rectifier prototype. (a) Measurement setup. (b)
Considered equivalent circuit for the calculation of the parasitic capacitances.

observed in the impedance measurements. As it is seen in
Fig.6(b), the critical frequency range for the design of the CM
filter is close to 600 kHz and it is for this frequency that the
input CM filter is here designed.

By considering the two equivalent circuits (cf. Fig.4(b)) re-
sulting from each impedance measurement, two equations for
the two unknown parameters Cyp.gyp and Cegp.gyp can be de-
rived, resulting in Ccyp.gyp = 283 pF and Cyp.gyp = 141 pF. The
resistive and inductive elements (L and R) also resulting from
the calculations are neglected, and leads to a non-damped cir-
cuit model, which is used towards a worst case approximation
for the filter design.
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Fig.5: Impedance curve of the parasitic impedances (a) Zyr.gvp between the three shorted input phases and the ground potential and; (b) Zcy.gnp measured between

the mid-point of the output capacitors and the ground potential.
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Fig.6: Effect of the capacitive connection (Cyp) from the star-point of the DM input filter capacitors to the rectifier output with Cyp = 20 nF The sum of the input
currents is measured with a Pearson 410 current probe in order to obtain only the CM signal. As the current measurement bandwidth is 20 MHz, the measurement
is constrained to 10 MHz. (a) Conducted emissions measurement without the inclusion of CM filtering elements. (b) Measurement after the inclusion of the ca-
pacitive connection between the input star-point and the output DC-link through Cyp. (¢) Simplified schematic for the measurement setup.

III.LEFFECTS OF A CAPACITIVE CONNECTION FROM THE INPUT
STAR-POINT TO THE OUTPUT CENTER-POINT

The main purpose of the CM input filter is to hinder the
common mode current propagation to the mains by providing a
high impedance in the direction to the mains and/or by provid-
ing paths with low impedance around the rectifier elements,
which are responsible for the generation of CM voltages so that
CM noise current is circulated back internally. With that objec-
tive, an equivalent capacitor Cy;p (cf. Fig.7) is placed between
the star-point of the DM input filter capacitors and the center
point of the output capacitors, allowing the HF common mode
current to return in some extent to its source. In the case at
hand, Cy;p = 20nF was selected in order to shift the resonance
at 250 kHz (cf. Fig.6(a)) to a lower frequency, lying below 150
kHz. In practice two capacitors Cyp/2 = 10nF have been con-
nected to the positive and negative output capacitor terminals,
respectively.

The effect of this connection is shown in Fig.6 by CM CE
measurements employing a Pearson 410 current probe, present-
ing a nominal bandwidth of 20 MHz, measuring the sum of the
three input currents. The original CM CE measurement is
shown in Fig.6(a), where high emission levels are measured at
250 kHz and 600 kHz. In Fig.6(b) the measurement performed

Cup
11
Common Mode Filter ]

ucw 4c,
Loy Loy Lowl3 ? Lo/4 R/4 ’
wal R/ oz Croow -|- Covamn=F

Fig.7: Two-stage CM filter (including the capacitive connection Cy, of input
and output) for achieving the required attenuation of the CM emissions.
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with the inclusion of Cyp is presented and, as it can be noticed,
the noise emission in the lower frequency range has been re-
duced, and especially the peak at 250 kHz has been shifted
down to a lower frequency, sitting outside of the measurement
range of interest.

Regarding the CE CM measurements, the current sensor
produces an output signal of 0.05 V/A at an external 50 Q-
termination (which lies in parallel to the internal 50Q-
termination of the sensor), which corresponds to an attenuation
Gpearson Of

G pogrson = 20-10g(0.05) =—26 dB . (1)

The measurement at the LISN resistance Ry gy /3 = 50 Q/3
appears with a gain Gy sy of

Grsv =20-10g(50/3)=24.4 dB. ()

Therefore, the gain of the measurement result with the cur-
rent sensor Gy, is given by

Gt tal = GL[SN - GPearson =50.4 dB, (3)

accordingly the measurement curves are located 50.4 dB below
the measurement level detected by the EMC test receiver. This
gain also must be considered for the subsequent filter design.

0

IV.TwO-STAGE COMMON MODE FILTER DESIGN

For guaranteeing compliance to EMC standards Fig.6(b)
shows that, regarding common mode emissions, an attenuation
of -50.4 dB around 600 kHz has to be provided by the CM
filter (since Fig.6 shows measurements employing the current
sensor). Considering an additional margin of 6 dB for toler-
ances of the filter components an attenuation of
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Fig.8: Attenuation plots for the circuit of Fig.7. Shown are the different attenuation curves of the transfer function Uys(j®)/ U jo) for different filter configu-
rations, clarifying the effects of the insertion of each filtering element to the CM attenuation. The capacitance Cy is included in all presented curves.

Attey ey =—56 dB 4
at 600 kHz is selected. For reducing the total size of the CM
filter the attenuation is distributed to two filter stages (in anal-
ogy to DM filter design procedures, see [4]) as presented in the
following.

The total capacitance Cepy o = Cenr1 T Ceur2 between any of
the input phases and the PE is restrained by the maximum al-
lowable earth leakage Igyp,ms current due to IT safety
regulations. The tests are performed usually with 110 % of the
input RMS voltage Ul,,,s and the leakage current [12] should
be typically limited to

Lonp s 3.5 MA, 5)
even for the case where one of the phases is lost.
With the leakage current [12] given by
IGND,rm.s‘ :1 1 ' UN,rm.s' ' 2” : 50 HZ ! CCM,totul > (6)

a maximum of approximately Ccuy s < 44 nF is reached. Pro-
viding a large margin and guaranteeing small footprints for the
capacitors, the values of Ccyy = Ceyp = 4.7 nF are selected.
With two of the filter elements selected, the next step is the
determination of the inductors. For that the total required at-
tenuation Attcy; ., at 600 kHz is divided into two parts (Attcu
and Attcy),

n

Attg,,, = -21dB,

)
®

With these values the required impedances for the inductors
L¢y1 and Ly, are calculated as

z =580 Q @ 600 kHz,

Atty,,, = -35dB.

)
(10)

LCM 1 req

Z et sy =3 kQ @ 600 kHz,

resulting in the inductors specified in Table 1.

TABLE I — SELECTED COMPONENTS FOR THE CM FILTER.

Component Specification
c c Y1 Capacitor, Epcos MKP B81123
canty an 4.70F — 250Vac
C Y1 Capacitor , Epcos MKP B81123
e 2 x 10nF — 250Vac
I Vaccuumschmelze VAC VITROPERM 500F W409
! N =3 x 4 turns, AWG16
I Vaccuumschmelze VAC VITROPERM 500F W380
e N =3x7 turns, AWG16
T0P 1 ke BOTTOM 100 mo 895.82 o

[weZion)|

yaC - TAE - V71D
START 108 Hz 05C 500 mvolt STOP 166 MHz
Fig.9: Impedance measurement for the inductor Lcy,;. A well damped high
frequency behaviour and a high self resonance frequency (= 44 MHz) can be

observed. The impedance at 600 kHz is measured as 490 Q.
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Fig.10: Final circuit structure for the three-phase PWM rectifier system including the designed CM input filter.

The effect of the addition of the filtering elements to the sin-
gle-phase equivalent circuit of Fig.7 can be observed in Fig.8
through the plots of the transfer function Uygss( j®)/ Ucu( j®)
for the different circuit configurations. It is observed that the
final filter configuration is able to provide more than 60 dB
attenuation at 600 kHz when compared to the original circuit.

Table I presents the specifications for all other components
employed in the CM filter. Passive damping through resistors
is not added due to the predominantly resistive high frequency
behavior of the inductors (cf. Fig.9) that results from the losses
in the core material (VITROPERM S500F). These inductors
exhibit good impedance stability for high temperatures, high
power density and high resonance frequency as well, and are
therefore well suited for the CM filtering task.

V.EXPERIMENTAL VERIFICATION

The final circuit schematic for the rectifier system including
the CM filtering elements is shown in Fig.10. Fig.11 shows the
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Fig.11: Conducted emissions measurement according to CISPR 22 of the
rectifier (Un,.ms = 400V, Uy = 400V, P, = 5kW) including the proposed CM
filter and the DM filter. These measurements were performed at the output
terminals from a LISN (not with a current transformer).

final result of the EMC CE measurement process performed
with a four-line 50Q2/50uH LISN according to CISPR 16 [12].
The measurement is performed in order to test the full compli-
ance of the rectifier and includes both common and differential
mode emissions from the 5 kW hardware prototype of the sys-
tem (cf. Fig.12). The noise emissions are mainly dominated by
the DM noise emissions showing peaks at multiples of the
switching frequency. Obviously, the CM noise emissions are
attenuated sufficiently, and Class A is fulfilled in the frequency
range 150 kHz — 20 MHz. For fulfilling Class B the emission
levels that increase around 10 MHz would have to be properly
attenuated what can be achieved through a shielding of the
EMC input filter, as this is not implemented in the prototype.

VI.CONCLUSIONS

In this work, a common mode filter for a three-phase PWM
rectifier is designed based on a CM noise propagation model,
which is parameterized by simple impedance measurements on
an existing converter prototype. The model, along with a pre-

Fig.12: 5kW hardware prototype including the proposed CM filter, the DM
filter, auxiliary power supply, and the DSP control board (160 mm x 240 mm x
120 mm).



vious CE EMC measurement, allows a sufficiently accurate
prediction of the required CM filter attenuation and a straight-
forward design, with no complex modeling of the noise paths
required. A capacitive connection between the star-point of the
DM input filter capacitors and the output capacitor is proposed
and additionally contributes to the attenuation of the common
mode noise through the modification of the noise propagation
path. The selection of the filtering elements is presented and
their main characteristics are explained. Finally, measurements
on a hardware prototype verify the theoretical considerations
and the successful common mode filter design. With this work
the HF modeling of the noise paths is performed in a simplified
way, aiming for the reduction of the CM emissions at 600 kHz,
but a further step extension of the modeling shall be imple-
mented in future work with the objective of understanding all
the relevant impedances.

REFERENCES
[1] L. Malesani, and P. Tenti, “Three-Phase AC/DC PWM Converter
with Sinusoidal AC Currents and Minimum Filter Require-
ments,” IEEE Transactions on Industry Applications, vol. 23, no.
1, pp. 71-77, 1987.

IEC International Special Committee on Radio Interference —
C.I.S.P.R., “Limits and Methods of Measurement of Radio Dis-
turbance Characteristics of information Technology Equipment”,
Publication 22. Genéve, Switzerland, 1993.

M.J. Nave, Power Line Filter Design for Switched-Mode Power
Supplies, New York, USA: Van Nostrand Reinhold; 1991.

T. Nussbaumer, M.L. Heldwein, and J.W. Kolar, “Differential
Mode EMC Input Filter Design for a Three-Phase Buck-Type
Unity Power Factor PWM Rectifier,” Proceedings of the 4™ In-

[2]

[3]

(4]

[7]

[10]

(1]

[12]

ternational Power Electronics and Motion Control Conference,
Xian, China, pp. 1521-1526, 2004.

L. Yang, B. Lu, W. Dong, Z. Lu, M. Xu, F.C. Lee, and W.G.
Odendaal, “Modeling and Characterization of a 1 KW CCM PFC
Converter for Conducted EMI Prediction,” Proceedings of the
19" Annual IEEE Applied Power Electronics Conference and
Exposition, pp. 763-769, 2004.

J.Z Chen, L. Yang, D. Boroyevich, and W.G. Odendaal, “Essen-
tial-coupling-path models for non-contact EMI in switching
power converters using lumped circuit elements,” Proceedings of
the 19" Annual IEEE Applied Power Electronics Conference and
Exposition, pp. 522-525,2004.

M.N Gitau, “Modeling Conducted EMI Noise Generation and
Propagation in Boost Converters,” Proceedings of the IEEE In-
ternational Symposium on Industrial Electronics, pp. 353-358,
2000.

N.K Poon, B.M.H Pong, C.P. Liu, and C.K. Tse, “Essential-
Coupling-Path Models for Non-contact EMI in Switching Power
Converters using Lumped Circuit Elements,” /IEEE Transactions
on Power Electronics, vol. 18, No. 2, pp. 686-695, 2003.

T.C.Y Wang, R. Zhang, J. Sabate, and M. Schutten, “Compre-
hensive Analysis of Common Mode EMI for Three-Phase UPS
System,” Proceedings of the 4" International Power Electronics
and Motion Control Conference, vol. 3, pp. 1495-1499, 2004.

T. Grossen, E. Menzel, and JJH.R Enslin, “Three-Phase Buck
Active Rectifier with Power Factor Correction and Low EMI,”
IEE Proceedings on Electric Power Applications, vol. 146, no. 6,
pp- 591-596, 1999.

IEC International Special Committee on Radio Interference —
C.L.S.P.R., “Specification for Radio Interference Measuring Ap-
paratus and Measurement Methods”, Publication 16. Geneéve,
Switzerland, 1977.

International Electrotechnical Commission, “Safety of Informa-
tion Technology Equipment — [EC 60950,” Brussels, Belgium,
1999.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


