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Abstract

Nonlinear Transmission lines (NLTLs) have
been studied for high power RF generation with good
prospects of applications in telecommand systems of
small satellites (Cubesats), pulse radars for remote
sensing (SARs) and disruption of communications in
battlefield, [1], [2] for instance. Usually NLTLs employ
barium titanate (BT) ceramic-based capacitors or ferrite
bead inductor as nonlinear elements, denominated as
capacitive or inductive lines, respectively. On the other
hand, a configuration that employs both nonlinear
elements (LC), known as hybrid line, is an efficient
approach for exciting soliton oscillations more easily than
inductive or capacitive lines. Other interesting aspect is
that numerous publications on NLTL with only one linear
component are easily found in the literature whereas just a
few on hybrid lines and only one considering line
experimental tests. In view of that, in this work a 30-
section hybrid NLTL built using inductors and capacitors
of strong nonlinearity (2.2 nF BT ceramic capacitors and
10 puH ferrite bead inductors) will be described. For the
test, the line is fed by a negative input pump pulse
generated by a 1 kV discharge of a 0.75 pF storage
capacitor via a fast 50 ns switching system composed by
an IGBT switch and its gate circuit driver. In the hybrid
line tests, the soliton generation packet obtained on the
middle section had a frequency of the order 33.0 MHz,
peak power of 13.0 kW and voltage modulation depth
(VMD) of around 700 V. For each single shot,
approximately 10 RF cycles with small damping were
noted. The main conclusion from this experiment is that
with an improved proper design hybrid lumped NLTLs
may be used to achieve RF in the range of 100-200 MHz.

L.INTRODUCTION

Nonlinear transmission lines have been studied to be
applied in different types of systems such as battlefield
communications disruption, satellite communications,
radars and biomedical applications [1], [2]. Nowadays we

find many works using a capacitor or inductor as
nonlinear element in the line, but few are found on hybrid
line, as for example only one about line experimental tests
[3].

In Fig. 1 it is shown the basic schematic of a hybrid
nonlinear transmission line (HNLTL) using capacitors
and inductors with nonlinear behavior as a function of the
voltage and current respectively.
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Figure 1. A hybrid nonlinear transmission line (HNLTL).

In this work, a hybrid nonlinear transmission line
(HNLTL) with 30 sections was built using 2.2 nF
commercial ceramic capacitors and 10 pH ferrite beads,
both as nonlinear elements.

I.METHODOLOGY

As discussed in the introduction, we use both capacitor
and inductor with nonlinear behavior to build a HNLTL.
In this work, a commercial-off-the-shelf (COTS) ceramic
capacitor with strong nonlinearity from Murata
manufacturer, part number DEBF33A2227ZA2B, was
selected for line construction. Based on US EIA standards
this capacitor selected is 2.2 nF with Y5V dielectric
(capacitance tolerance of +22 % to — 82%) over a
temperature range between —30°C and +85°C. To measure
the capacitance as a function of the applied voltage, the
capacitor is polarized via a HV DC power supply and its
capacitance measured as a function of the applied voltage
using a C-meter isolated by linear capacitor of high
capacitance [4]. The C-V curve shown in Fig. 2 gives a
capacitance variation of the order of 85 % near the
breakdown voltage.
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Figure 2. C-V curve measured for the 2.2 nF ceramic
capacitor.

A commercial-off-the-shelf ferrite bead with nominal
inductance of 10 pH and part number 7427501 from
RoHS maker, with wires wound on the ferrite core, was
selected as a nonlinear inductor to build the hybrid line.
To measure the inductance as a function of the applied
current the circuit presented in Fig. 3 was used.
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Figure 3. Circuit used for the characterization of the
ferrite bead under DC condition.

As shown Fig. 4 the inductance exhibits a variation of
the order of 71 % on the L-I curve at 1 A current, whose
result is very promising for use in hybrid lines for soliton
RF generation.
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Figure 4. L-I curve measured for the 10pH ferrite bead.

The electric circuit used to produce a negative pump
pulse at the input of line is shown in Fig. 5, where a pulse
generator is used to trigger the driver and IGBT transistor
to produce a discharge of capacitor bank (Cbank),
resulting in a negative pump pulse at the input side of the
line. The diodes D1 and D2 are used to protect the IGBT
against reverse voltage and scape current respectively.
The driver used to control the IGBT allows pump pulse

with faster rise time.
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Figure 5. Electric circuit used to produce a negative
pump input pulse into the line.

The 30-section hybrid line assembled on a printed
circuit board (PCB) with 2.2 nF ceramic capacitors and 10
puH ferrite beads is shown in Fig. 6, including a 75 Q load
resistance put at the line output.

Figure 6. The HNLTL assembled on a PCB.

III.RESULTS AND DISCUSSION

Using the electric circuit of Fig. 5 and setting V1 to 300
V, the soliton RF generated in the middle of line reached
a frequency of order of 20 MHz as shown in Fig. 7 and
confirmed by the fast Fourier transform (FFT) exhibited
in Fig. 8. The voltage modulation depth (VMD) obtained
on the middle section was of about 290 V as shown in
Fig. 7. For a 75 Q a load resistance and with V1 =300 V,
the current passing through the line is of the order of 4 A.
As the ferrite bead L-I characteristic was measured up to
1 A as seen in Fig. 4, then the inductance behavior was
estimated through the oscillation frequency generated
given by = 1/2mV(LC(Vnay)). With C = 1.0 nF at V=
300 V (see Fig. 2) and /= 20 MHz, L calculated is of
about 66 nH giving an inductance decrease of
approximately 99 %, thus leading to the saturation of the
ferrite bead.
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Figure 7. Soliton generated on the 15" section of the
HNLTL.
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Figure 8. FFT obtained for 15" section in the HNLTL.

On the other hand, the soliton RF waveform measured
on the load resistance of 75 Q has the highest peak
voltage of the order of 600 V as well as the lowest VMD
of about 130 V as seen in Fig. 9. This is explained by the
fact that the load resistance is never matched to the
varying nonlinear characteristic impedance of the line. In
this case, the low number cycles observed is also due to
the to the load mismatch, which causes strong VMD
attenuation.
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Figure 9. Soliton generated at the load resistance.

The FFT spectrum measured at the load confirms the
soliton generated frequency at the order of 20 MHz as
shown in the Fig. 10.
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Figure 10. FFT obtained for load resistance.

IV.CONCLUSIONS

Commercial-off-the-shelf ceramic capacitors and
ferrite beads with nonlinear behavior as a function of
voltage and current applied, respectively, were used to
build the experimental line for the second time up to
knowledge of the authors so far. As found in the literature
on HNLTLs, the first experimental result was obtained by
Kuek et al., who [3] reported soliton RF of about 60 MHz,
using a similar line with ferrite bead inductors and
commercial ceramic capacitors. It was again demonstrated
in our work RF soliton generation of about 20 MHz using
COTS ceramic capacitors with decrease in capacitance of
the order of 85% near their nominal breakdown voltage,
and ferrite beads with decay in inductance of the order of
99 %. In contrast to a positive polarity impulse described
in the Kuek et al. experiment, we used a special system to
produce a negative HV pump input pulse into the
HNLTL. However, in our case we have obtained a soliton
oscillation frequency lower than that generated by Kuek's
line as ceramic capacitors were less stressed during pulse
application due to the lower amplitude of the pump input
pulse generated by our negative impulse system.

V.REFERENCES

[1] L. P. Silva Neto, J. O. Rossi, J. J. Barroso, E.
Schamiloglu, "High- Power RF Generation from
nonlinear transmission lines with barium titanate ceramic
capacitors,” IEEE Trans. Plasma Sci., vol. 44, no. 12, pp.
3424-3431, Dec. 2016.

[2] D. Yoshida, H. Ishizawa, T. Tanabe, K. Sugimoto, S.
H. R. Hosseini, S. Katsuki and H. Akiyama,
“Development of burst high frequency wave source for



medical application,” in Proc. of the IEEE International
Pulsed Power Conference, 2013. p.1-4.

[3] N.S. Kuek, A.C. Liew, E. Schamiloglu, and J.O.
Rossi, “RF pulse generator based on a nonlinear hybrid
line,” IEEE Trans. Plasma Sci., vol. 42, no. 10, pp. 3268-
3273, Oct. 2014.

[4] L. P. Silva Neto, J. O. Rossi, J. J. Barroso, and A. R.
Silva Junior, “Characterization of ceramic dielectrics for
Sub-GHz applications in nonlinear transmission lines”
IEEE Trans. Plasma Sci., vol. 42, no. 10, pp. 3274-3282,
Oct. 2014.




<<
  /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


