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Abstract

In this paper a voltage droop compensation based on a
resonant circuit is proposed for the optimized solid-state
bipolar Marx modulator. Keeping the modularity
characteristics and the circuit topology, one auxiliary
resonant stage was added to the existing Marx stages. The
compensation concept consists of adding the auxiliary
voltage to the output positive or negative pulse for voltage
droop compensation. Simulation results are presented for
five stages Marx circuit, 10% voltage droop, using 800 V
per stage, 100 us pulse duration at 50Hz frequency.

L.INTRODUCTION

Nowadays there are several topologies based on the
Marx concept using power semiconductors devices as
switches that can generate unipolar and bipolar high
voltage pulses. In some industrial applications, such as
water decontamination or liquid food processing, the use
of bipolar pulses instead of wunipolar pulses, has
demonstrated an enhanced final product or industrial
process [1, 2]. Generally, high voltage bipolar modulators
require additional switches, which may allow fault
tolerance capability but requires a complex triggering
circuit [3-7]. Alternatively, optimized bipolar topologies
[8-10] using reduced number of semiconductors per cell
may create an additional stress in some stage
semiconductors due to their use in more than one
operating mode, which increases their losses. Thus,
beyond the semiconductors characteristics, the design of
the Marx modulator must consider the pulse energy and
the required pulse voltage decay to determine the
capacitance of the capacitors. Considering this last point,
in various conditions, the determined capacitance values
may be too high for affordable designs of compact Marx
modulators. For this reason, voltage droop compensation
techniques must be considered [11-13].

Considering the optimized solid-state bipolar Marx
modulator topology [10], a voltage droop compensation
technique based in resonant circuit is proposed in this
paper, as shown in Fig. 1.
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Figure 1. Schematic drawing of the optimized bipolar
solid-state Marx modulator with »n stages for

bipolar/unipolar pulse generation and with resonant type
voltage droop compensation.

In the Marx circuit of Fig. 1, one auxiliary
compensation stage was added to the Marx stages with
the aim of compensating the voltage droop of negative or
positive pulses.

II. CIRCUIT OPERATION

The first operating mode of Fig. 1 circuit consists on
charging the capacitors C; and C; through the switches
Tac, T, Thi, Tei and Ter (with i as an index of the stage
number) in ON state, as represented in Fig. 2, with the
DC power supply voltage, Vc.

The second operating mode consists in connecting the
capacitors in series to apply the sum of their voltage into
the load. However, the generation of high voltage pulse
with resonant type compensation requires the beginning
of the resonance process before applying the pulse into
the load.
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Figure 2. Theoretical wave forms for the operation of the solid-
state Marx modulator of Fig. 1, considering a resistive load.
Drive signal of semiconductors: a) Tt b) Tar; €) Tor; d) Ter; €)
Ta; £) Tai; g) Toi; h) Tei; 1) Tac, j) ver, icr and output vo voltage.

The resonance process under the auxiliary stage can be
started by turning ON switches T and T (Fig. 2 a) and
b)), as represented in Fig. 2 j).

For positive pulse generation with droop compensation,
switches T and Tai (Fig. 2 e) and f)) should be turned ON
when the waveform of the voltage of the resonance
capacitor C; crosses the reference coming from negative
values, as shown in Fig. 2 j).

After the positive pulse, all switches (Tg, Ta, T and
Tar) can be turned OFF.

Considering the negative pulse operating mode with
compensation, the process is similar to the positive pulse.
Thus, the resonance process under the auxiliary stage is
started by triggering ON switches Ty and Ta. The
negative pulse with compensation can be generated (by
triggering ON switches Ty and T — Fig. 2 g) and h))
when the waveform of the voltage of the resonant
capacitor, vcr, crosses the reference coming from positive
values, as shown in Fig. 2 j). Within this situation,
switches T and Tar of the auxiliary stage are turned OFF
after the waveform of the current in the inductor L, icr,
has inverted its polarity, to allow the transfer of the
remaining energy from the inductor L. back to the
capacitor C..

IHI.SIMULATION RESULTS

The circuit of Fig. 1, with five stages was simulated in
LTspice software. The simulated circuit was operated
with Va=800V, applying bipolar pulses with 1% duty
cycle at 50Hz repetition rate, into an 85002 resistive load,
with 10% voltage droop compensation.

Fig. 3 shows the simulated results for the load voltage
vo with 10% voltage droop at the end of the positive and
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Figure 3. Simulation results for the output voltage of the circuit
of Fig. 1 into a resistive load, without compensation and 10%
voltage droop at the end of the positive (a) and negative (b)
pulse. The scales are 25 ps/div (horizontal) and 1 kV/div
(vertical).

negative pulses.
In Fig. 4 simulated results are shown for the voltage
and current waveforms in capacitor C; and inductor L,
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Figure 4. Simulation results for the capacitor C: voltage, vcr,
current iLr in inductor L, and the output voltage, vo, of the
circuit of Fig. 1, with compensation, for positive (a) and
negative (b) pulse. The scales are 250 ps/div (horizontal) and
250V/div (vertical) and 1 kV/div (vertical).

respectively and the load voltage vy, with compensation.



The positive and negative pulses occur during zero
crossing of the capacitor C; resonant voltage.

In Fig. 5 a) and b) it is shown the simulation results of
the output negative and positive pulse voltage with
voltage droop compensation with zoomed horizontal
scale.
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Figure 5. Simulation results of the obtained output (a) positive
and (b) negative pulse voltage with resonant compensation with
zoomed horizontal scale, 25 ps/div (horizontal) and 1 kV/div
(vertical).

IV.SUMMARY

A new design scheme for the voltage droop
compensation based on resonant circuit was proposed for
the optimized solid-state bipolar Marx modulator of Fig.
1. With the goal of maintaining the modularity and the
topology of the circuit, an auxiliary compensation stage
with inductor was added to the existing Marx stages,
which compensates the voltage droop of the output
bipolar pulses.

The simulations results showed 4 stages Marx circuit
and one auxiliary compensation stage, using 800V per
stage, operating with 50Hz repetition rate, giving 3.2 kV
bipolar pulses with the capability to compensate 10%
voltage droop at the end of the negative and positive
pulses.

V. REFERENCES

[1T Y. Xu, R. Zhang, C. Zhang, Z. Li, Z. Guan and L.
Wang, “Bipolar pulsed discharge in the Gas-liquid-solid
mixture and its application for water treatment”, IEEE 9th
International Conference on the Properties and
Applications of Dielectric Materials, 19-23 July 2009, pp.
579 — 582.

[2] Kinetics of Microbial Inactivation for Alternative
Food Processing Technologies — Pulsed Electric Fields, A
report of the Institute of Food Technologists for the Food
and Drug Administration of the U.S. Department of
Health and Human Services submitted March 29, 2000
revised June 2.

[3] L. Redondo, E. Margato, J. Fernando Silva, A new
method to build a High Voltage Pulse Supply using only
semiconductor switches for plasma immersion ion
implantation, Surface & Coatings Technology
Journal, vol.136/1-3, pp 51-54,2001.

[4] L.M. Redondo, J. Fernando Silva, Elmano Margato, P.
Tavares, All Silicon Marx-bank topology for high-
voltage, high-frequency rectangular pulses, PESC 2005
Proc., Junho, Recife, Brasil, pp 1170-1174, 2005.

[5] L. M. Redondo; H. Canacsinh; J. Fernando Silva:
“Generalized Solid-state Marx Modulator Topology”, in
IEEE Transactions on Dielectrics and Electrical
Insulation, Vol. 16, No. 4, 2009, pp. 1037-1042.

[6] Gao, Lan; Wang, Dongdong; Qiu, Jian; Liu, Kefu:
“All-Solid-State Pulse Adder with Bipolar High Voltage
Fast Narrow Pulses Output,” in IEEE Transactions on
Dielectrics and Electrical Insulation, Vol. 18, No. 3, pp.
775-782, June 2011.

[7] J. P. M. Mendes, H. Canacsinh, L. M. Redondo and
Jos¢ O. Rossi: “Solid-State Marx Modulator with
Blumlein Stack for Bipolar Pulse Generation” in IEEE
Transactions on Dielectrics and Electrical Insulation, Vol.
18, No. 4, August 2011, pp. 1199 — 1204.

[8] Tastekin, D.; Blank, F.; Lunk, A.; Roth-Sticlow, J.:
“Power supply with bipolar pulsed output voltage and
high repetition rate based on a solid state Marx topology”,
Pulsed Power Conference, June 2011, pp. 1377 — 1381.
[9] Sakamoto, T.; Nami, A.; Akiyama, M.; Akiyama, H.:
“A Repetitive Solid State Marx-Type Pulsed Power
Generator Using Multistage Switch-Capacitor Cells”,
IEEE Transactions on Plasma Science, Vol. 40, No. 10,
pp- 2316 — 2321, October 2012.

[10] H. Canacsinh, L. M. Redondo and J. Fernando Silva,
“Marx type solid-state bipolar modulator topologies:
performance comparison”, IEEE Transactions Plasma
Science, 2012.

[11] Pfeffer, H.; Bartelson, L.; Bourkland, K.; Jensen, C.;
Kerns, Q.; Prieto, P.; Saewert, G.; Wolff, D.: “A Long
Pulse Modulator For Reduced Size and Cost”, Twenty-
First International-Power-Modulator-Symposium, 1994.



[12] Burkhart, Craig P.; Beukers, T.; Kemp, Mark A.;
Larsen, Raymond S.; Macken, K. J P; Nguyen, Minh N_;
Olsen, Jeff J.; Tang, Tao: “ILC Marx Modulator
Development Program Status”, IEEE Pulsed-Power-
Conference, 2009.

[13] Hiren Canacsinh, Luis M. Redondo, J. Fernando
Silva, Beatriz Borges: “Voltage Droop Compensation
Based on Resonant Circuit for Generalized High Voltage
Solid-State Marx Modulator”, in IEEE Applied Power
Electronics Conference and Exposition (APEC), Long
Beach, California, USA, 20-24 March, 2016.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

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


