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Letters

Phase-Shifting SPWM-Based Modulation for Single-Source Five-Level Current
Source Inverter

Ling Xing , Qiang Wei , Yunwei Li , Fellow, IEEE, and Yan-Fei Liu , Fellow, IEEE

Abstract—A single-source five-level current source inverter
(CSI) with inherent current balancing and fewer switches was re-
cently proposed. Its modulation scheme that achieves both five-level
output and superior harmonic performance with low switching
frequency remains a challenge and has not yet been explored.
Phase-shifting sinusoidal pulsewidth modulation (SPWM) is a well-
established technique that offers superior harmonic performance
at low switching frequencies. Despite these advantages, its appli-
cation to the single-source five-level CSI is not applicable due
to its unique single-source topology. In this work, the challenge
associated with applying phase-shifting SPWM to the single-source
five-level CSI is identified, and a novel phase-shifting SPWM-based
modulation technique retaining all the advantages of phase-shifting
SPWM is developed for the single-source five-level CSI. Lab-scale
experiments are conducted to verify the performance.

Index Terms—Current source inverter (CSI), five-level,
modulation.

I. INTRODUCTION

S INGLE-PHASE current source inverters (CSIs) are a good
candidate for applications where continuous input current

and voltage boosting are needed, such as solar systems [1]
and uninterruptible power supplies [2]. Existing single-phase
five-level CSIs can be categorized into two types: those utiliz-
ing two isolated current sources [3], [4] and those utilizing a
single source [5], [6], [7], [8], [9], [10]. The former employs
transformers to realize isolated current sources, resulting in
high cost, as well as increased size and weight. In contrast,
single-source five-level CSIs [5], [6], [7], [8], [9], [10] are
typically implemented using a single voltage source in series
with parallel-connected inductors. While this approach reduces
cost and size, it presents several challenges, including cur-
rent imbalance, circulating currents, and the requirement for
a large number of switches [11]. To retain the advantages of
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Fig. 1. Single-source five-level CSI [10].

single-source CSIs while addressing their challenges, a novel
single-source CSI was proposed [12]. It features inherent current
balancing and fewer switches compared to its peers.

However, for this single-source five-level CSI, developing
a modulation scheme that simultaneously achieves a five-level
output, superior harmonic performance, and low switching fre-
quency remains a challenge and has not yet been explored.
Phase-shifting sinusoidal pulsewidth modulation (SPWM) [13],
[14], [15], [16] is a well-established technique that offers sev-
eral advantages, including simple implementation, superior har-
monic performance with a predefined harmonic profile at a given
switching frequency, and the absence of low-order harmonics at
low switching frequencies. Despite these benefits, it has only
been applied to the conventional two-source five-level CSI: a
topology that employs two isolated current sources and two
H-bridge CSI converters. Its application to a single-source five-
level CSI is not feasible due to the inverter’s unique single-source
topology. In this work, the challenges associated with applying
phase-shifting SPWM to the single-source five-level CSI are
identified. A phase-shifting SPWM-based modulation that re-
tains all the advantages of conventional phase-shifting SPWM
is developed for the single-source CSI.

II. FIVE-LEVEL CSI WITH INHERENT CURRENT BALANCING

A. Single-Source Five-Level CSI

Fig. 1 shows the single-source five-level CSI [12], which con-
sists of an H-bridge CSI (S1,S2,S3,S4), switchS5, inductorsL1

and L2, and diodes D1 and D2. Switches (S1–S4) should have
reverse voltage blocking capabilities. They can be realized us-
ing insulated-gate bipolar transistor (IGBT)/MOSFET connected
with a diode, bidirectional IGBT/MOSFET, or symmetrical gate
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Fig. 2. Equivalent circuits under different modes.

commutated thyristor (GCT) depending on specific applications.
The switch S5 does not need reverse voltage blocking capability
and can be any one of those switches used in voltage source
converters. In this work, IGBT in series with a diode is used to
realize switches (S1–S4), and S5 is realized by IGBT.

It operates in Mode 1 and Mode 2. In Mode 1,S5 is turned ON,
andL1 andL2 are connected in series, allowing the generation of
Idc, 0, and -Idc at the output iw. In Mode 2, S5 is turned OFF, and
L1 andL2 are connected in parallel, allowing generation of 2Idc,
0, and -2Idc at the output. The series connection of L1 and L2

in Mode 1 ensures inductor current balancing (iL1 = iL2) [12].
For example, as shown in Fig. 2, where the equivalent circuits of
Mode 1, Mode 2, and the transient between the two modes are
presented. In Mode 1, the two inductors are operating in parallel,
resulting in imbalanced inductor currents, e.g., iL1>iL2, due to
different inductances introduced by manufacturing tolerance in
practice. In Mode 2, the two inductors are operating in series,
forcing the two unbalanced inductor currents to be the same, that
is, iL1 = iL2. During the transition from Mode 1 to Mode 2, D2

is turned ON to provide the current path for the different current
between iL1 and iL2. This inverter therefore offers a natural
inductor current balance without additional current balancing
schemes.

This converter is a two-stage (two power conversion stages)
buck–boost converter. The first stage is composed of S5, L1,

Fig. 3. Two-source five-level CSI.

L2, D1, and D2, and the remaining circuit is the second stage.
The two inductors are shared by the two conversion stages.
The first stage is a conventional buck converter, whereas the
second stage is a conventional current source converter which is a
boost converter. Conventional two-source converters as shown in
Fig. 3 are single-stage (one power conversion stage) converters.
Existing single-source converters are two-stage converters but
use more switches than the one presented in this work [5],
[6], [7], [8], [9], [10]. Therefore, given the same conditions
(power rating, switch, frequency, etc.), this two-stage converter
shown in Fig. 1 in this work is expected to have lower efficiency
than single-stage converters, whereas it has potential to achieve
higher efficiency than existing two-stage converters due to the
use of fewer switches.

B. Phase-Shifting SPWM for Two-Source Five-Level CSI

The two-source five-level CSI is shown in Fig. 3, where two
H-bridge CSI converters, Module #1 and Module #2, fed by two
isolated current sources are used. Conventional phase-shifting
SPWM is used to generate five levels at the converter output
[16]. For instance, comparing the modulating wave vm with the
carrier wave vc1 produces the gating signals for the switches
(S11, S12, S13, S14) in Module #1, as shown in Fig. 4. The
same SPWM technique is applied to the switches (S21, S22,
S23, S24) of Module #2, but with a 180° phase shift applied
to the carrier wave vc2. This phase shift ensures that the total
pulsewidth modulation current iw ′ (iw ′ = iw1 + iw2) achieves
a five-level waveform as shown in Fig. 4. Its harmonics profile
is listed in Fig. 4. The phase-shifting SPWM offers simple im-
plementation, superior harmonic performance with a predefined
harmonic profile at a given switching frequency, and the absence
of low-order harmonics at low switching frequencies.

C. Objective and Challenge

The objective is to develop a phase-shifting SPWM-based
modulation for the single-source CSI, capable of generating a
five-level output (iw) identical to that (iw ′) of the two-source
five-level CSI, thereby retaining all the advantages of conven-
tional phase-shifting SPWM. The challenge is that the single-
source CSI has only one source and one H-bridge module,
preventing the use of the conventional phase-shifting SPWM.
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Fig. 4. Equivalent circuits of the conventional and proposed five-level CSIs under different switching states in the positive cycle of iw (or iw ′).

D. Proposed Phase-Shifting SPWM-Based Modulation for
Single-Source Five-Level CSI

The methodology is to switch the corresponding switches of
the single-source CSI to ensure its output current is identical to
the two-source CSI, that is, iw = iw

′. In other words, the output
current iw ′ of the two-source five-level CSI, generated using
the phase-shifting SPWM, serves as the reference waveform for
the single-source CSI. The relationship between the respective
switching states of the two-source and single-source CSIs is
listed in Table I. The equivalent circuits of the conventional two-
source five-level CSI and the proposed single-source five-level
CSI under different switching states in the positive half cycle of
iw (or iw ′) are shown in Fig. 4. Note that the two inverters share
the same criteria of switching pattern design, that is to minimize
switching frequency [16]. For example, in the transition from iw

′

= 2Idc to iw
′ = Idc, S23 is turned ON, while S24 is turned OFF to

minimize switchings, and the same for the transition from iw
′ =

Idc to iw
′ = 0, where S13 is turned ON, while S14 is turned OFF

while the other switches remain the prior switching state. The

TABLE I
SWITCHING STATES OF TWO-SOURCE AND SINGLE-SOURCE CSIS

same criteria also apply to the proposed single-source five-level
CSI as shown in Fig. 4.

The proposed modulation is shown in Fig. 5, and its imple-
mentation is shown in Fig. 6. Note the sawtooth wave in Fig. 6 is
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Fig. 5. Proposed phase-shifting SPWM-based modulation for single-source five-level CSI.

Fig. 6. Proposed phase-shifting SPWM-based modulation, where (S1, S2,
S3, S4, S5) are switches of the single-source CSI, and (S11, S12, S13, S14 and
S21, S22, S23, S24) are switches of the two-source CSI.

an example and it can be replaced with a triangular wave. Please
refer to [17] for details of different modulation implementations.

The upper two switches S1 and S2 operate at the same
fundamental switching frequency as the upper switches of the

conventional two-source CSI, specifically, S1 = S11 = S21 and
S2 = S12 = S22, where S11 and S12 are the upper switches of
Module #1 of the two-source CSI, and S21 and S22 are the upper
two switches of Module #2. In the positive cycle of the output
current iw, S1 = 1, and S2 = 0.

Switching patterns of S3 and S4 of the single-source CSI are
obtained based on the states of S13, S23, S14, and S24 of the
two-source CSI. Taking S4 in the positive half cycle of iw as
an example, it is switched ON whenever the output current iw is
not zero, and it is switched OFF when a zero-output current iw
is required. In the two-source CSI, the corresponding switching
states to a zero output are (S14 = 0, S24 = 0), whereas the
corresponding states to a nonzero output are (S14 = 0, S24 = 1;
S14 = 1, S24 = 0; S14 = 1, S24 = 1). S4 can be obtained by S14

OR S24.
The switching state of S5 is derived based on iw. As shown

in Fig. 1, when iw = Idc, S5 is switched ON, whereas when iw
= 2Idc, S5 is switched OFF. The state of S5 remains the same as
its previous state when iw = 0 to minimize switching frequency.
In other words, in the two-source CSI, only (S14 = 0, S24 = 1)
and (S14 = 1, S24 = 0) enable an ON state for S5. An XOR logic
can be applied to obtain the switching state of S5. The switching
states in the negative cycle are obtained in the same manner.

The same as conventional phase-shifting SPWM, the upper
switches (S1 and S2) operate with a fundamental frequency, and
the lower switches (S3 and S4) have a switching frequency of
mff , where mf is the frequency modulation index, f is the fun-
damental frequency, and the product ofmf and f is the switching
frequency of S3 and S4. The switching frequency of the switch
S5 is 2mff . Different switching frequencies result in uneven
power loss distribution, which is an issue for most multilevel
converters and requires attention for thermal and cooling system
design [16]. Switches S1–S4 share the same voltage rating due
to their same maximum voltage stress (Vc−peak, the peak value
of the output capacitor voltage), whereas the maximum voltage
stress of S5 is Vin + Vc−peak. The current rating of S5 is two
times the average of switches (S1–S4). The modulation index
ma determines the number of levels of output current iw. Under
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TABLE II
EXPERIMENT PARAMETERS

ma>0.5, the output iw achieves five levels, whereas underma<
= 0.5, iw has three levels, at which the single-phase five-level
CSI becomes a conventional three-level H-bridge CSI. This is
because under ma< = 0.5, the single-source CSI only operates
under Mode 1.

The same as the two-source CSI under the conventional
phase-shifting SPWM, the output current iw of the single-source
CSI with the proposed modulation does not contain any low-
order harmonics and the dominant harmonics are also located
at around 2mf±1. The dc current utilization Iw,max/Idc is also
linearly related to ma:Iw,max/Idc = 2ma/

√
2.

E. Experimental Verification

The parameters used for lab-scale experiments are listed in
Table II. Fig. 7 shows the experimental waveform under a steady
state with different modulation indexes. Under ma = 0.5, the
boundary modulation index, the output current iw becomes three
levels, which agrees with the previous analysis that the proposed
SPWM-based modulation generates three-level output under
ma<= 0.5. Under ma = 0.6 and ma = 0.8, as shown in Fig. 8,
the output current iw achieves five levels. Also, as shown in
the harmonics profile in Fig. 7, the dominant harmonics are
located at 2mf±1, and the dc current utilization is 2ma/

√
2,

which agrees with the previous analysis. As presented in [12],
the inherent current balancing of the single-source five-level
CSI is well maintained under different dc inductors, which
are purposely set to verify the natural current balancing. For
example, as shown in Fig. 7, the two inductor currents are well
balanced (iL1 = iL2 = Idc = 5 A) without balancing control in
all cases of ma = 0.5, ma = 0.6, and ma = 0.8. Fig. 8 shows
current balancing when inductor currents (iL1 = iL2 = Idc) are
changed from 2 to 5 A under ma = 0.8.

In experimental results, there are spikes at zero crossings,
and they are caused by the switching overlap. For CSI, an
overlap is added during switching transitions to ensure there
is a guaranteed path for the current flow. This is analogous to
voltage source inverters, where a dead time is applied.

Fig. 9 shows the gating signals of the single-source five-level
CSI using the proposed SPWM-based modulation under ma =
0.8. As shown in the figure, the top switches (S1 and S2) are
operating with a fundamental frequency of 50 Hz, whereas the
bottom switches (S3 and S4) are switched with a modulating
frequency of 900 Hz. The switching frequency of the switch
(S5) is switching with a switching frequency of 1800 Hz, which
is double the modulating frequency.

Fig. 7. Experimental waveforms under ma = 0.5, ma = 0.6, and ma = 0.8.

Fig. 8. Experimental waveforms under dynamic state.
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Fig. 9. Gating signals under ma = 0.8.

III. CONCLUSION

A phase-shifting SPWM-based modulation is developed for
the single-source five-level CSI. It retains all the advantages
of conventional phase-shifting SPWM, including simple imple-
mentation, superior harmonic performance with a predefined
harmonic profile at a given switching frequency, and the ab-
sence of low-order harmonics at low switching frequencies. It
also retains all the benefits of the single-source five-level CSI,
including the inherent inductor current balancing.

REFERENCES

[1] M. Rajeev and V. Agarwal, “Single phase current source inverter with
multiloop control for transformerless grid–PV interface,” IEEE Trans. Ind.
Appl., vol. 54, no. 3, pp. 2416–2424, May/Jun. 2018.

[2] H. Komurcugil, “Steady-state analysis and passivity-based control of
single-phase PWM current-source inverters,” IEEE Trans. Ind. Electron.,
vol. 57, no. 3, pp. 1026–1030, Mar. 2010.

[3] D. Xu and B. Wu, “Multilevel current source inverters with phase shifted
trapezoidal PWM,” in Proc. IEEE 36th Power Electron. Spec. Conf.,
Jun. 2005, pp. 2540–2546.

[4] V. Vekhande, N. Kothari, and B. G. Fernandes, “Switching state vector
selection strategies for paralleled multilevel current-fed inverter under
unequal dc-link currents condition,” IEEE Trans. Power Electron., vol. 30,
no. 4, pp. 1998–2009, Apr. 2015.

[5] M. P. Aguirre, L. Calvino, and M. I. Valla, “Multilevel current-source
inverter with FPGA control,” IEEE Trans. Ind. Electron., vol. 60, no. 1,
pp. 3–10, Jan. 2013.

[6] Z. Bai, H. Ma, D. Xu, and B. Wu, “Control strategy with a generalized
dc current balancing method for multimodule current-source converter,”
IEEE Trans. Power Electron., vol. 29, no. 1, pp. 366–373, Jan. 2014.

[7] B. Dupczak, A. Perin, and M. Heldwein, “Space vector modulation
strategy applied to interphase transformers-based five-level current source
inverters,” IEEE Trans. Power Electron., vol. 27, no. 6, pp. 2740–2751,
Jun. 2012.

[8] P. Cossutta, M. P. Aguirre, A. Cao, S. Raffo, and M. I. Valla, “Single-stage
fuel cell to grid interface with multilevel current-source inverters,” IEEE
Trans. Ind. Electron., vol. 62, no. 8, pp. 5256–5264, Aug. 2015.

[9] A. Nami, J. Liang, F. Dijkhuizen, and G. D. Demetriades, “Modular mul-
tilevel converters for HVDC applications: Review on converter cells and
functionalities,” IEEE Trans. Power Electron., vol. 30, no. 1, pp. 18–36,
Jan. 2015.

[10] 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.

[11] 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.

[12] L. Xing, Q. Wei, and R. Y. Li, “A new 5-level current source inverter
with inherent balancing,” in Proc. IEEE 14th Int. Symp. Power Electron.
Distrib. Gener. Syst., 2023, pp. 30–34.

[13] L. Ming, W. Ding, P. C. Loh, and Z. Xin, “A direct carrier-based modulation
scheme with full index range for DC-link current ripple mitigation of
a current source converter,” IEEE Trans. Ind. Electron., vol. 69, no. 1,
pp. 452–462, Jan. 2022.

[14] L. Ding, Y. Li, and Y. W. Li, “A new current source converter using ac-type
flying-capacitor technique,” IEEE Trans. Power Electron., vol. 36, no. 9,
pp. 10307–10316, Sep. 2021.

[15] 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.

[16] B. Wu, High-Power Converters and AC Drives. Hoboken, NJ, USA: Wiley,
2006.

[17] D. Grahame Holmes and T. A. Lipo, Pulse Width Modulation For Power
Converters: Principles and Practice. Hoboken, NJ, USA: Wiley, 2003.

Authorized licensed use limited to: Queen's University. Downloaded on May 28,2025 at 12:48:40 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /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 true
  /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 true
  /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


