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Letters

Transformerless Series-Connected Current Source Converter

Ling Xing, Qiang Wei , Senior Member, IEEE, and Yunwei Li , Fellow, IEEE

Abstract—Series-connected current source converters (SC-
CSCs) are a good candidate for high-power, medium-/high-voltage
applications. However, existing SC-CSCs require the use of bulky
and costly transformer. In this article, a transformerless SC-CSC
is proposed. The operation principle of the proposed SC-CSC
is presented, and the modulation is developed. A case study is
conducted to verify the performance of the converter.

Index Terms—Series-connected current source converters
(SC-CSCs).

I. INTRODUCTION

CURRENT source converters (CSCs) with inherent reliable
short-circuit protection and without dv/dt issue are prefer-

able converters for high-power applications [1]–[3]. Existing
CSCs can be classified into conventional CSC [4]–[7], multilevel
CSC [8]–[11], parallel-connected CSC [12]–[14], and series-
connected CSC (SC-CSC) [15]–[20]. Both conventional CSC
and multilevel CSC can be used in both low-/medium-voltage,
low-/high-power applications, while the parallel-connected and
SC-CSCs are proposed for higher power applications. The SC-
CSC is a good candidate for medium-/high-voltage, high-power
applications.

Existing SC-CSCs require the use of transformers either at
the input [15] or at the output [16]–[20]. Fig. 1 shows an
example of the SC-CSC with transformers at the output. The
transformers play two roles: One is to provide independent
current path for each CSC module to enable series connec-
tions of CSCs, and the other is to boost voltage to reduce
power loss. However, such transformers are bulky and costly.
To address this issue, a transformerless SC-CSC is proposed.
It does not need transformers and has inherent current/voltage
balancing.
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Fig. 1. Example of existing series-connected CSCs.

Fig. 2. Proposed transformerless SC-CSC.

II. TRANSFORMERLESS SERIES-CONNECTED CSC

A. Operation Principle

Fig. 2 shows the proposed transformerless SC-CSC consisting
of n identical modules connected in series at both input and
output. Each module consists of an H-bridge CSI and an extra
switch Sn (n=1, 2, …). In the following, a two-module converter
is taken as an example to illustrate the operation principle of the
converter. The three-phase version of the proposed converter is
not discussed here.

Mode 1: As shown in Fig. 3, CSCs are OFF and switches S1
and Sn are ON, and the dc inductors Ldc are charging. Inherent
dc current balancing (Idc1 = Idcn) is ensured.
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Fig. 3. Operation principle of the proposed SC-CSC.

Mode 2: Switches S1 and Sn are OFF to provide independent
current sources (Idc1, Idcn) for each H-bridge CSC. As a result,
the output capacitors are connected in series to build high volt-
ages without the transformer used in existing SC-CSCs. Mode 2
can be further divided into four modes as shown in Fig. 3 in which
all H-bridge CSIs are controlled in a synchronous manner. In this
mode, Idc1 = Idcn is ensured; balanced capacitor currents are
achieved according to kirchhoffs circuit law (KCL); and inherent
voltage balancing (Vc1 = Vcn) is achieved.

Assuming a grid-connected operation, the common mode
model is shown in Fig. 4 where the filter inductor is divided into
two parts to limit the common mode current. Cst is the stray
capacitance, and Z is the equivalent impedance of the common
mode circuit. The proposed converter has a total of five operating
modes as shown in Fig. 3. The common mode voltage and current
under each mode are listed in Table I. Note that under Mode
1, the common mode voltage is not defined by the switching

Fig. 4. Common mode model for the proposed converter: single-phase version.

TABLE I
COMMON MODE VOLTAGE AND CURRENT

and its magnitude depends on the parasitic parameters, switches
junction capacitances, etc.

The passive components of each module are designed the
same as the conventional CSC. The dc inductor is designed
based on the voltage-second principle. For example, the required
dc inductor for a given current ripple can be obtained based on
Mode 1 in which the inductor is charging and Mode 2_1 in
which the inductor is discharging. The LC filter design depends
on harmonics requirements. For example, under a switching
frequency of around several hundred Hertz, the filter inductor
is sizing around 0.1 p.u. and the filter capacitor around 0.5 p.u.
[1]. Note that coupled inductors are a well-proven technology for
reducing the inductors and can be used here. As the number of
modules increases, the manufacturing of such coupled inductors
may be a challenge.

B. Modulation Scheme

The switching pattern design for the proposed SC-CSC should
satisfy the following two conditions simultaneously.

1) Sinusoidal Output Current iwn: The conventional sinuso-
dial pulse width modulation (SPWM) is applied to each CSC
module in which S1n (n = 1, 2, …) and S2n are operating with
a fundamental frequency, while S3n and S4n are switching with
the modulating frequency. For example, in the positive half cycle
shown in Fig. 5, switches S1n are ON and S2n are OFF. The dwell
time of S4n, that is, T1, is obtained by comparing the modulating
wave (T1) and the carrier wave. T0 is divided into T01 for Sn and
T02 for S3n

T1 = ma sin(ωt)Ts

Ts = T0 + T1 = T01 + T02 + T1. (1)

2) Voltage-Second Principle of Inductors Ldc: On this basis,
the duty cycle T01 for switches Sn is obtained⎧⎪⎪⎨
⎪⎪⎩

vln_charging=−Vin
n +Vs+VESR

vln_discharging=vcn+2Vs+VESR

vln_dischargingT1+vln_chargingT01=0

vcn=
√
2Vc

n |sin(ωt−θ)|
→T01=−vln_dischargingT1

vln_charging

(2)
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Fig. 5. Proposed modulation-positive half cycle of iwn.

where vln_charging and vl_discharging are inductor voltages under
charging and discharging, respectively, Vs is the voltage drop on
each switch, VESR is the voltage drop on the inductor equivalent
series resistor (ESR), ω is the angular speed, ma is the modula-
tion index, Vc is output voltage, and θ is the phase displacement
between vcn and iwn and is obtained based on the LRC circuit

θ = arctan

(
ωRCn/n

1− ω2LCn/n

)
− arctan

(
ωL

R

)
. (3)

The dwell time T02 is then obtained based on (1) and (2).
And meeting the above two conditions simultaneously as well
as ensuring a linear modulation generates the following:

T1 + T01 ≤ Ts (4)

from which the operation range of modulation index ma for a
given system can be defined. Note that overmodulation is not
discussed in this work. The gain of the converter is obtained
based on (1) and (2)

vln_discharging

−vln_charging
=

k(Ts − T1)

T1

→
√
2Vc + 2nVs + nVESR

Vin − nVs − nVESR
=

k(1−ma sin(
π
2 + θ))

ma sin(
π
2 + θ)

(5)

where k is defined as k = T01/T0 at the time instant of ωt =
π/2 + θ and ranges from 0 to 1.

For a lossless converter in which Vs and VESR are 0, the gain
shown in (5) becomes

Vc

Vin
=

k(1−ma sin(
π
2 + θ))√

2ma sin(
π
2 + θ)

. (6)

As shown in (6), for a given ma, the minimum and maximum
gains occur at k= 0 and k= 1, respectively. Then, on the basis of
k = 1, ma is ranging from 0 to 1; the range of ma for a given gain
and the range of gain for a given ma are defined by the constraint
shown in (4). For example, theoretically, the maximum gain is

TABLE II
COMPARISON BETWEEN DIFFERENT CONVERTERS

TABLE III
EXPERIMENT PARAMETERS

infinity at ma = 0 and the minimum gain is zero. The proposed
converter is essentially a buck−boost feature. The modulation
ma is obtained based on (6)

ma =
k

sin(π2 + θ)
(
k +

√
2Vc

Vin

) . (7)

C. Comparison With Existing Similar Converters

As shown in Table II, compared with existing SC-CSCs, the
proposed one does not need the bulky and costly transformer,
is a buck−boost inverter, and has inherent current and voltage
balancing. In addition, all the advantages of existing SC-CSCs,
such as inherent short-circuit protection, no dv/dt issue, and
modular structure, are inherited. The comparison between the
proposed SC-CSC and its voltage source converter (VSC) coun-
terparts, such as the CHB and MMC inverters, is the same as that
between conventional CSCs and VSCs. For example, CSCs have
low dynamic performance but feature inherent reliable short
circuit protection and have no dv/dt issue with only three current
levels at the output. The CHB and MMC inverters achieve a low
dv/dt by generating more levels at the output through employing
more modules. Note that the transformerless PV inverters are
different from the proposed one in terms of favorable applica-
tions, power/voltage ratings, configurations, etc. For example,
the dc-link voltage of the PV inverters is up to 1500 V, while the
proposed one is with medium-/high-voltage levels.

D. Experimental Verification

A lab-scaled case study is conducted, and the used parameters
are listed in Table III. Fig. 6 shows the gating signals over one
fundamental cycle, and Figs. 7 and 8 show the experimental
waveforms under steady and dynamic states, respectively. As
shown in Fig. 6, the switches S1n and S2n are switching with a
fundamental frequency, while switches S3n and S4n and Sn are
switching alternatively with the modulating frequency as ana-
lyzed earlier. As shown in Fig. 7, when the inverter is operating
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Fig. 6. Gating signals over a fundamental cycle.

Fig. 7. Experimental waveforms under steady state.

under steady state (Vin = 120 V), the inductor currents Idc1
and Idcn are balanced at around 14 A, and the output capacitor
voltages Vc1 and Vcn are also balanced at about 35 V. iw1 and
iwn are the output pulsewidth modulation currents of the two
modules of the proposed SC-CSC, and il is the load current.

Fig. 8 shows the dynamic performance of the proposed in-
verter. As shown in Fig. 8, when the input voltage is increased

Fig. 8. Experimental waveforms under dynamic state.

Fig. 9. Simulated results with experiment parameters.

from 90 to 120 V, the output capacitor voltages increase from
18 to 35 V, and the input dc inductor currents increase from
10 to 14 A. Both inductor currents and capacitor voltages are
well balanced in the process. To sum up, the proposed inverter
has inherent current and voltage balancing. Also, as shown
in Fig. 7, the experimental gain considering voltage drops on
the inductor ESR and switches is Vc/Vin = 0.59 which well
agrees with the derivation as shown in (5). To further verify
the derivation, simulation with same experimental parameters is
conducted and shown in Fig. 9. As shown in Fig. 9, the simulated
waveforms with experimental parameters are well matching the
experimental waveforms shown in Fig. 7. This well proves the
accuracy of the derivation. Experimental parameters are listed
in Table III.

III. CONCLUSION

A transformerless SC-CSC is proposed, and a modulation
scheme is developed. Compared with existing SC-CSCs, the
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proposed one does not require the bulky and costly transform-
ers, features inherent current and voltage balancing, and has a
buck−boost input/output characteristic. Lab-scaled experiments
have been conducted and the results verified the performance of
the proposed converter as well as the proposed modulation.

REFERENCES

[1] B. Wu, High-Power Converters and AC Drives. Hoboken/New Jersey, US:
Wiley-IEEE Press, 2006.

[2] Z. Wang, B. Wu, D. Xu, and N. R. Zargari, “Hybrid PWM for high-power
current-source-inverter-fed drives with low switching frequency,” IEEE
Trans. Power Electron., vol. 26, no. 6, pp. 1754–1764, Jun. 2011.

[3] K. Gnanasambandam, A. K. Rathore, A. Edpuganti, D. Srinivasan, and
J. Rodriguez, “Current-fed multilevel converters: An overview of circuit
topologies, modulation techniques, and applications,” IEEE Trans. Power
Electron., vol. 32, no. 5, pp. 3382–3401, May 2017.

[4] X. Guo, D. Xu, J. M. Guerrero, and B. Wu, “Space vector modulation for
DC-link current ripple reduction in back-to-back current-source converters
for microgrid applications,” IEEE Trans. Ind. Electron., vol. 62, no. 10,
pp. 6008–6013, Oct. 2015.

[5] J. He et al., “A fault-tolerant operation approach for grid-tied five-phase
current-source converters with one-phase supplying wire broken,” IEEE
Trans. Power Electron., vol. 34, no. 7, pp. 6200–6218, Jul. 2019.

[6] J. D. Ma, B. Wu, N. R. Zargari, and S. C. Rizzo, “A space vector modulated
CSI-based AC drive for multimotor applications,” IEEE Trans. Power
Electron., vol. 16, no. 4, pp. 535–544, Jul. 2001.

[7] Z. Bai, Z. Zhang, and X. Ruan, “A natural soft-commutation PWM scheme
for current source converter and its logic implementation,” IEEE Trans.
Ind. Electron., vol. 58, no. 7, pp. 2772–2779, Jul. 2011.

[8] S. Suroso and T. Noguchi, “Multilevel current waveform generation using
inductor cells and H-bridge current-source inverter,” IEEE Trans. Power
Electron., vol. 27, no. 3, pp. 1090–1098, Mar. 2012.

[9] P. Barbosa, H. Braga, M. Rodrigues, and E. Teixeira, “Boost current
multilevel inverter and its application on single-phase grid-connected
photovoltaic systems,” IEEE Trans. Power Electron., vol. 21, no. 4,
pp. 1116–1124, Jul. 2006.

[10] F. Gao, P. Loh, F. Blaabjerg, and D. Vilathgamuwa, “Five-level cur-
rent source inverters with buck-boost and inductive-current balancing
capabilities,” IEEE Trans. Ind. Electron., vol. 57, no. 8, pp. 2613–2622,
Aug. 2010.

[11] W. Wang, F. Gao, Y. Yang, and F. Blaabjerg, “An eight-switch five-level
current source inverter,” IEEE Trans. Power Electron., vol. 34, no. 9,
pp. 8389–8404, Sep. 2019.

[12] D. Xu, N. R. Zargari, B. Wu, J. Wiseman, B. Yuwen, and S. Rizzo, “A
medium voltage AC drive with parallel current source inverters for high
power applications,” in Proc. IEEE 36th Power Electron. Specialists Conf.,
2005, pp. 2277–2283.

[13] L. Ding, Z. Quan, and Y. W. Li, “Common-mode voltage reduction for
parallel CSC-fed motor drives with multilevel modulation,” IEEE Trans.
Power Electron., vol. 33, no. 8, pp. 6555–6566, Aug. 2018.

[14] L. Ding and Y. Li, “Multilevel CSC system based on series-parallel con-
nected three-phase modules with optimized carrier-shift SPWM,” IEEE
Trans. Power Electron., vol. 36, no. 4, pp. 3957–3966, Apr. 2021.

[15] P. E. Melin et al., “Analysis and design of a multicell topology based
on three-phase/single-phase current-source cells,” IEEE Trans. Power
Electron., vol. 31, no. 9, pp. 6122–6133, Sep. 2016.

[16] Q. Wei, B. Wu, D. Xu, and N. Zargari, “A medium frequency transformer-
based wind energy conversion system used for current source converter
based offshore wind farm,” IEEE Trans. Power Electron., vol. 32, no. 1,
pp. 248–259, Jan. 2017.

[17] Q. Wei, B. Wu, D. Xu, and N. R. Zargari, “Power balancing inves-
tigation of grid-side series-connected current source inverters in wind
energy conversion systems,” IEEE Trans. Power Electron., vol. 64, no. 12,
pp. 9451–9460, Dec. 2017.

[18] L. Xing and Q. Wei, “Series-connected current-source inverters: Fsw
= 60 hz,” IEEE Trans. Power Electron., vol. 35, no. 9, pp. 8882–8885,
Sep. 2020.

[19] L. Xing and Q. Wei, “Series-connected current source inverters with less
switches,” IEEE Trans. Power Electron., vol. 35, no. 6, pp. 5553–5556,
Jun. 2020.

[20] M. Popat, B. Wu, F. Liu, and N. Zargari, “Coordinated control of cascaded
current source converter based offshore wind farms,” IEEE Trans. Sustain.
Energy, vol. 3, no. 3, pp. 557–565, Jul. 2012.



<<
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 true
  /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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


