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Abstract—One trend of the fundamental enabling technologies
into the direction of the eco-society with more electric power
consumption is realization of ultra-high efficiency electric power
conversion technologies. In this paper, a very high efficiency
circuit topology for a few kW inverter is proposed based on a
principle of partial power conversion. The new topology is made
of (1) HEECS chopper for full rectified waveform generation and
(2) unfolding full bridge inverter for full sinusoidal wave synthe-
sis. The theoretical efficiency is derived, and the preliminary
experimental verification confirmed the efficiency expectation.
Tentatively, 99.2% efficiency was measured for the DC-to-full-
rectified-waveform conversion at 3.6 kW output.

Index Terms—high efficiency inverter, partial power conver-
sion, wide band gap devices

I. INTRODUCTION

One trend of the fundamental enabling technologies into
the direction of eco-society with more electric power con-
sumption is realization of ultra-high efficiency electric power
conversion technology, which enables the super energy saving
and increases the more use of electric energy in the future
eco-society [1]-[4]. Using SiC devices and a special circuit
topology, a very high efficiency was reported in [8], in which
over 99.5% efficiency was experimentally verified with a
DC-DC chopper (350 Vde, 3 kW output power). The basic
principle is called a partial voltage boost in this literature. This
is only for the DC-DC conversion, thus a very high efficiency
DC-AC conversion is also required toward the future.

Many researchers are studying on the high efficiency in-
verter [5]-[7]. In [5], a flying capacitor transformerless inverter
with common ground for a grid connected solar photovoltaic
system was proposed. The proposed system has only four
power switches and small filter, and achieved 99.2% efficiency
at 1 kW. In [6], L. Zhang et al. designed an asymmetrical
interleaved full-bridge inverter for google little box challenge.
They obtained 99.3% efficiency at 2 kW by using GaN
switching devices. T. Miyazaki et al. have proposed a trans-
linked interleaved inverter [7]. Two phase are trans-linked each
other in order to reduce the smoothing inductance. As a result,
the loss could be reduced, and 99.4% efficiency was achieved
at 2 kW.
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Fig. 1. Proposed 2 battery HEECS inverter.

This paper proposes a very high efficiency circuit topology
for a few kW inverter based on the principle of “partial power
conversion”, which is modified from [8]. To some extent, this
topology is similar to a T-type three level converter [9]. Wide
band gap (WBG) switching devices such as SiC and GaN
are also used in the proposed circuit. Over 99.5% efficiency
is challenged in a few kW power range. In Section II,
this new topology is proposed, and the possible theoretical
highest efficiency is derived for this topology. In Section III,
implementation problems of the chopper control is described..
In Section IV, experimental verification is reported. This paper
is concluded in Section V.

II. PROPOSAL OF A NEW ULTRA-HIGH EFFICIENCY
INVERTER TOPOLOGY

This section explains the new ultra-high efficiency inverter
topology and the theoretical efficiency calculations.

A. Proposed Topology and Principle of “Partial Power Con-
version”

Fig. 1 depicts the proposed topology, which is based on
the principle of “Partial Power Conversion”, and named as 2
battery HEECS inverter. The first power stage of this converter
is similar to the 2 battery HEECS chopper in [8], which
has two batteries and each battery has special connection to
buck converters. HEECS stands for “High Efficiency Energy
Conversion System” [8]. When the output voltage command
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Fig. 2. Voltage waveforms at three different points.

is below the batteryf1 voltage F4, only switches S; and So
operates and lower buck converter generates PWM output
voltage, while the switch S5 is always in “on state”. When the
output voltage command is between F and (F; + E3), where
FE5 is the batteryfi2 voltage, then the switch S5 is always in “on
state” and the upper buck converter generates PWM waveform.
As a result, a typical waveform of the output voltage vy
in Fig. 1 is illustrated in Fig. 2(a), where the output voltage
command is a full rectified waveform.

Through the LC filter shown in Fig. 1, the filtered output
voltage vq. is controlled so that a half sinusoidal waveform
is synthesized as shown in Fig. 2(b). A special PWM control
called deadbeat control is applied for both buck converters and
it will be explained in subsection III-A [12].

In the second power stage, a unfolding inverter unfolds the
half sinusoidal waveform into the full sinusoidal waveform.
The final voltage v, is illustrated in Fig. 2(c). The unfolding
inverter changes the switching mode once in a half cycle.

This topology is derived as a result of pursuing the higher
power conversion efficiency. When the 2 battery HEECS chop-
per, which is the first stage of the 2 battery HEECS inverter, is
operating for the constant DC output voltage command below
E1, only lower buck converter operates and the switch S3 is
always in “on state”. Under this condition, if the lower buck
chopper efficiency is defined as 7jower, and the conduction
loss of S3 is ignored, the HEECS chopper efficiency 7chop—1,
becomes

Tlchop—L = Tlower- (1)
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Fig. 3. Waveforms in a half cycle.

When the output dc voltage command is between FE; and
(E1 + E2), the upper buck converter operates keeping the
switch S5 in “on state”. Ignoring the conduction loss of switch
So, and defining the output power of batteryfl and batteryf2
and the efficiency of the upper buck converter as Py, P, and
Nupper» Tespectively, the HEECS chopper efficiency 7chop—n
can be approximately expressed as follows:

Pl + nupperPQ
P +P

(2) implies that if the power P» becomes smaller, then the
efficiency 7chop—n becomes higher than 7,pper and it ap-
proaches to 1.0, because P, which is the power corresponding
to the output voltage above E, is converted at the upper buck
converter and the switch S of the lower buck converter is
always “on state”. This is the basic idea of the principle of
“Partial Power Conversion” [8]. The HEECS topology is based
on this principle, which has potential for very high efficiency.

Also, as for the unfolding inverter, if the conduction loss is
very small, the total power conversion loss should be very
small, because the switching loss is negligible due to one
switching in a half cycle.

In the next subsection, efficiency optimization of two power
stages is discussed when the output voltage command is
sinusoidal.

2

Tlchop—H =

B. Theoretical Highest Efficiency for AC Operation

When the output voltage command is sinusoidal, we have
several kinds of freedom for aiming at higher efficiency.
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Fig. 4. 3 battery HEECS inverter.

1) Optimization of Battery Voltage FE1 and Es: When the
output voltage command of the first stage HEECS chopper
is ac sinusoidal, the average efficiency can be theoretically
calculated by integrating the efficiency of (1) and (2) through
one cycle and averaging it. Fig. 3(a) is a waveform of a half
cycle HEECS chopper output voltage and current under an
assumption of a pure resistive load. The horizontal axis is the
electrical angle. 0y is the beginning angle of this cycle and is
set to 0 degree. 6, is the angle when the upper chopper starts
the PWM operation and the lower chopper switch Sy is always
“on state”. f3 is 90 degrees. Energy [J] transmitted from the
battery to the load is defined in Fig. 3(b). The total energy
[J] from batteryf1 during [6y, 61] is defined as W7, The total
energy from batteryf1 and batteryf2 during [61, 62] are defined
as Wa1 and W, respectively. Based on these definitions, if the
other losses such as conduction loss are ignored, the quarter
cycle average efficiency of HEECS chopper is given as

Wll X Mower + W21 + W22 X Tlupper
Wii + Wap + Was '

For the further optimization analysis, it is assumed that the
efficiency of two chopper is identical, then (3) becomes

(W11 + Waz) X Nupper + Wor

Wit + Wap + Wao .
Looking at (4), if the chopper efficiency nupper 1S given, the
highest efficiency 7cn0p can be obtained when Wo; in (4) is
maximized. Using the relation of (Eq + Es)sinf; = Ey, Way
is calculated as

3

Tlchop =

“)

Tlchop =

90

ng = (El + Eg) sin 91[0 sin 0d6 (5)

01
After a simple manipulation, (5) becomes

Wa1 = (E1 + E») Iysin 6 cos 6. (6)

Thus, when 6, is 45 degrees, Ws; is maximized. The ratio of
the voltage 1 and Ey becomes F; ~ 2.41F),.

Based on the above idea, multiple battery HEECS inverter
can be possible. For example, three battery HEECS inverter
topology is illustrated in Fig. 4. The maximized efficiency is
obtained when the three batteries are switched at 12.6 degrees
and 58.3 degrees after a short calculation.

TABLE 1
RATING OF THE TARGET INVERTER AND PARAMETERS USED IN THIS
PAPER FOR HEECS CHOPPER.

Output voltage (rated) 400 Vpeak
Output current (rated) 25 Apeak
Load resistance (rated 5 kW) 16.6
Filter inductance 585 puH
Filter capacitance 80 pF
Frequency of sinusoidal output 50 Hz

Power device (chopper) SCT3017AL (Rohm)

2) Selection Criteria of Switching Devices at Chopper and
Unfolding Full Bridge Inverter: The efficiency of the first
stage of the HEECS inverter can be maximized by selecting
proper WBG devices with less switching loss. Additionally,
the efficiency of the unfolding inverter can be also optimized
by selecting a proper switching device with low conduction
loss. The proper parameters selection is under investigation,
however, Table I shows the parameters of the targeted inverter
power rating and the tentative components.

III. IMPLEMENTATION PROBLEMS — CONTROL OF
CHOPPER

This section describes the implementation problems for the
chopper control.

A. Deadbeat Control of Output Voltage

To achieve a very accurate output voltage synthesis, a
deadbeat control is applied [10]-[12]. The deadbeat control
is one of digital control methods. The output voltage should
be controlled as a half sinusoidal waveform shown in Fig. 2(b).
The deadbeat control is effective, because the output voltage
can be quickly controlled. The detailed derivation for the
control law and the practical problems and the solutions can
be found in [12].

The control law is derived from the discrete state equation
of a DC-DC buck converter, which is expressed as

z[k+1] = Fx [k] + GAT [k] @)
where
_ vaclk]
_ Ar | F11 Fio AT |5
F=c¢ —[F21 FQQ],G—e BE_[gQ}.(S)

AT[k] is the time when the switch is on in one switching
period. The state variable x[k] consists of the capacitor voltage
vde and inductor current ir,. E is the input dc voltage of the
DC-DC buck converter. A and B denote the state matrix and
input matrix of the continuous state equation, respectively.
Assuming that the load is a resistor R, A and B are derived

A=[__1{7LR 1{)0]732[1/%] ©)
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(b) Unfolded sinusoidal output voltage.

Fig. 5. Simulated waveforms of 2 battery HEECS inverter. (E7 = 280 V, E>
=140 V)

In the first row of (7), by replacing v4.[k+1] with the reference
voltage vyer and solving for AT[k], the deadbeat control law
can be derived as

1

ATk] = 971 (Vret — F1vaclk] — Fizin[k]) . (10)

B. Simulations

This subsection describes the simulation results of the
output sinusoidal wave generation. The simulations were
conducted by using PSIM produced by Powersim Inc. The
simulation results are shown in Fig. 5, which are (a) a full
rectified waveform and (b) the unfolded sinusoidal output
voltage. The simulation parameters are the same as Table .
From the simulation results, it was confirmed that the deadbeat
control can generate the full rectified waveform. Additionally,
the unfolding inverter successfully generated the sinusoidal
output voltage.

IV. VERIFICATION EXPERIMENTS AND DISCUSSIONS

A. Efficiency of 2 Battery HEECS Chopper

The 2 battery HEECS inverter was constructed using the
circuit parameters shown in Table I. The deadbeat controller
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Fig. 6. Measured efficiency of 2 battery HEECS chopper. (E1 =270 V, E>
=180V, 66.6 Q2 load)

was implemented into this circuit. Then several characteristics
were measured. The efficiency was measured using a power
analyzer “PW6001” produced by Hioki E. E. Corporation.

First the efficiency of the DC-DC conversion part of the
2 battery HEECS inverter was measured, when the output
voltage is a constant dc voltage. Fig. 6 is the measured
efficiency of 2 batery HEECS chopper on a case that F/; and
Ey are 270 V and 180 V. The horizontal axis is the output
dc voltage and the vertical axis is the measured efficiency. A
high efficiency was measured as we analyzed in Section II.

Second, the output voltage command was changed to a full
rectified waveform under deadbeat control, and the efficiency
was measured. The output voltage waveforms are shown in
Fig. 7, which are (a) a full rectified sinusoidal waveform
and (b) the unfolded sinusoidal output voltage. The measured
efficiency at a full rectified waveform was shown in Fig. 8. The
highest power conversion efficiency is 99.2% at the 3.6 kW
output. The ac output voltage was confirmed in Fig. 7(b) after
the unfolding full bridge inverter.

B. Discussions

The loss in Fig. 8 may be categorized to: (1) power
device switching loss, (2) power device conduction loss, (3)
inductance loss (conduction loss + iron loss), (4) capacitance
loss, (5) others [7]. Also the unfolding inverter loss is added
if the loss is measure at the ac load side. The switching loss
should be minimized based on the proposed HEECS inverter
topology. However, due to the controllability of the deadbeat
control law, F/; and Es in the experiment is not equal to the
ideal F; to F» voltage ratio mentioned in subsection II-B.

In general, the following may be a remedy for the higher
efficiency for HEECS inverter; smaller filter C, reduction of
the ripple current in inductor, and the best combination of the
switching loss and the conduction loss. The inductor current
waveform is shown in Fig. 9(a), in which relatively large
current ripples are observed. This can be reduced by the proper
selection of the LC filters and tuning of the deadbeat control
law. Fig. 9(b) shows the HEECS chopper dc output waveform
before the LC filter vy, in Fig. 2(a). It is controlled based on
the deadbeat control law. It was confirmed that the HEECS
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Fig. 7. Experimental waveforms of 2 battery HEECS inverter. (£ = 280 V,
E> =140V, 2.5 kW output)
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chopper dc output waveform before the LC filter was similar
to Fig. 2(a).
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(b) HEECS chopper dc output waveform before the LC filter vsw
in Fig. 2(a).

Fig. 9. Experimental waveforms of inductor current and HEECS chopper dc
output. (E1 =280V, Ex = 140 V, 2.5 kW output)

V. CONCLUSIONS

Based on a new principle - "partial power conversion”, a
new topology for high efficiency inverter is proposed using
WBG devices. From the theoretical efficiency calculation, a
very higher efficiency is expected in a few kW power range.
The theoretically highest efficiency is derived for this circuit
topology. Simulations and experiments were done for verifi-
cations. Tentatively, 99.2% efficiency was measured for the
DC-to-full-rectified-waveform conversion at 3.6 kW output.
Several improvements are expected for higher efficiency by re-
design of the LC filter, implementation of the deadbeat control,
and selection of the battery voltage ratio E1/Ej5.

REFERENCES

[1] R. Moradpour, H. Ardi, and A. Tavakoli, “Design and implementation of
anew SEPIC-based high step-up DC/DC converter for renewable energy
applications,” IEEE Trans. Ind. Electron., Vol. 65, No. 2, pp. 1290-1297,
Feb. 2018.

[2] M. Malinowski, A. Milczarek, R. Kot, Z. Goryca, and J. T. Szuster,
“Optimized energy conversion systems for small wind turbines,” IEEE
Power Electronics Magazine, Vol. 2, No. 3, pp. 16-30, Sept. 2015.

1312



[3] T. Lagier, P. Ladoux, and P. Dworakowski, “Potential of silicon carbide

MOSFETs in the DC/DC converters for future HVDC offshore wind

farms,” IET Journal of High Voltage, Vol. 2, No. 4, pp. 233-243, Dec.

2017.

O. Hegazy, R. Barrero, J. V. Mierlo, P. Lataire, N. Omar, and T. Coose-

mans, “An advanced power electronics interface for electric vehicles

applications,” IEEE Trans. Power Electronics, Vol. 28, No. 12, pp. 5508—

5521, Dec. 2013.

[5] Y. P. Siwakoti and F. Blaabjerg, “A novel flying capacitor transformerless
inverter for single-phase grid connected solar photovoltaic system”, in
Proc. of 2016 IEEE 7th International Symposium on Power Electronics
for Distributed Generation Systems, pp. 1-6, Jun. 2016.

[6] L.Zhang, R. Born, X. Zhao, J. S. Lai, “A high efficiency inverter design

for google little box challenge”, in Proc. of 2015 IEEE 3rd Workshop

on Wide Bandgap Power Devices and Applications , pp. 319-322, Nov.

2015.

T. Miyazaki, H. Otake, Y. Nakakohara, M. Tsuruya, and K. Nakahara,

“A fanless operating trans-linked interleaved 5 kW inverter using SiC

MOSFETs to achieve 99% power conversion efficiency”, IEEE Trans.

Ind. Electron., DOIL: 10.1109/TTE.2018.2816004, to be published.

Y. Tsuruta and A. Kawamura, “Principle verification prototype chopper

using SiC MOSFET module developed for partial boost circuit system,”

in Proc. of 2015 IEEE Energy Conversion Congress & Exposition, P904,

Sept. 2015.

Z. Zhang, J. Zhang, S. Shao, and J. Zhang, “A high efficiency single-

phase T-type BCM microinverter”, IEEE Trans. Power Electronics,

DOI: 10.1109/TPEL.2018.2824342, to be published.

[10] K. P. Gokhale, A. Kawamura, and R. G. Hoft, “Dead beat microproces-
sor control of PWM inverter for sinusoidal output waveform synthesis,”
IEEE Trans. Ind. Appl., Vol. IA-23, No. 3, pp. 901-910, Sept./Oct. 1987.

[11] A. Kawamura, T. Haneyoshi, and R. G. Hoft, “Deadbeat controlled
PWM inverter with parameter estimation using only voltage sensor,”
IEEE Trans. Power Electronics, Vol. PEL-3, No. 2, pp. 118-125, Apr.
1988.

[12] S. Nagai, S. Nakazaki, S. Ito, H. Obara, and A. Kawamura, “Full-
wave rectified waveform generation using dead-beat voltage control for
DC-DC buck converters to realize high efficiency inverter”, in Proc. of
20th European Conference on Power Electronics and Applications, Sept.
2018.

[4

finar}

[7

—

[8

—

[9

—

1313



	MAIN MENU
	Help
	Search
	Print
	Author Index
	Table of Contents


<<
  /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 true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'IEEE_Xplorer'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


