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Abstract

This paper has provided a discussion on EM probe design for
subhundredpicosecond pulses. Some preliminary experimental results and rough
analytical spot size analyses are presented.



1 Introduction

Experimental setups using a 60° four-arm prolate-spheroidal IRA (PSIRA or WRA)
are used to obtain better focusing at the second focus of a WYRA for skin cancer treatment
[1]. The dimensions of these experiments are based on [2-6]. Figure 1 presents the YRA
geometry and lens geometry. The parameters for this geometry are

zp:O, a=.625m, b=¥y=5m, zp =.375m, (1)

where z, is the z-coordinate of the truncation plane, a and b are the two radii for the

prolate-spheroidal reflector and z, is the focal distance. The basic design considerations
of a variable ¢, lens with constant wavelength to cross section ratio are discussed. Basic

design considerations, numerical results and preliminary experimental results of this lens
are discussed in [7-9]. This paper deals with a half spherical lens design with subsequent
layers.

We have designed a lens with constant wavelength to cross section ratio as ¢, varies.

Therefore r/i is not a function of r and one can easily define

gr(n= (rmax /r)Z r21p,

€rmax = (rmax/ro )2 r<r

)

where r is the radius of the lens, r,,, is the radius of the outer shell and 1y is the
constant center radius.
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Figure 1. IRA and Lens Geometry.



2 Experiment and Probe Design

The experimental results are normalized to 1 Volt differential input and t,,, (maximum
rate of rise) is used as tg, the rise time of the ramp rising step excitation, to compare our

experimental results with analytical and numerical results. For a step like f(t), the t,,, is

df
Cr = fmax a

Figure 2 presents the 60° four-feed arm WRA with lens at the second focal point. The
initial experiments use four essential components: a WYRA with feed arms, sampling-
oscilloscope with a 2 mm diameter B-dot probe, pulse generator and spherical lens with
five layers. The output of the step generator has a 45-ps rise time, and 10 V amplitude.

Figure 3 shows the geometry of the log periodic lens with 5 layers for &, =9,

€)

max

target and B-dot probe with 2 mm diameter.
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Figure 2. Experimental setup for 60° four- arms PRA and lens.
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with 5 layers, B-dot probe with 2 mm diameter and target (7.62 cmX15.24 cmX1.27 cm) .



2.1 Probe Design

One of the most challenging parts of this experiment is probe design. We should
design a D-dot or B-dot probes to measure the subnanosecond pulse pulse. These probes
should be embedded at the second focus between lens and target. Figure 4 is devoted to
the possible D-dot or B-dot probes design. The gap and wire part of the B-dot probe
provide a lower inductance for B-dot probe.
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Figure 4 D-dot and B-dot probes located at the second focal point.
While designing a B-dot probe, one should satisty
2L/R <t , times of interest @)

Where L is the sensor inductance and R =50€ is the load resistance [8]. In addition, the

sensor size (transit times) should be small compared to times of interest [9].

These sensors will be embedded at the second focal point. We are planning to use a
fast D-dot and B-dot probes between the lens and target. The fast D-dot probe should be
contact with €; ¢ o ¢ medium and the €, value should be the same through the spot size

region.

2.2 Field Amplitude and Spot Size Analyses

1/2
One of the most important features of this lens is obtaining & ¢ g ¢ times smaller

spot sizes. This will eliminate the damage on the healthy cells and provide higher-
amplitude EM pulses in a smaller space and better match the wave into the target. Given
that the impulse has some small width tg5 =100 ps, the maximum fields will exist in

some small region around z,. The fast D-dot probe, however, can resolve the pulse to be



about 30 ps, which implies a three times higher field amplitude. For the larger pulse we
can make a rough estimate of spot sizes as in [4]. The pulse width to define a boundary
spot with respect to ¥ and zis

ty =t, =2tg =200ps. (5)

Spot sizes are calculated analytically in [4] as

|AZ| =2 [1-z, /a]_lcts =15cm,AY =%ct8 =3.75cm. (6)

We have observed acceptable agreement with equation (6) and our preliminary
experimental results. Figure 5 shows the shrinkage in the spot size along y-axis for the
experimental setups with lens and without lens. One can see from figure 5 that the field
amplitude is down by the half of the focal waveform amplitude at
y=3.75cm (with lens)

1/2 1/2 . (7)
y=3.75/€targer =3.75/9  =125cm  (withoutlens)

As seen from (6), if we use a faster probe, we should obtain a smaller spot size. We
have used a D-dot probe which has a t,, =30ps. One can calculate the analytical spot
size from (6)

A‘I’z%dg ~1.25cm (8)

Figure 6 presents the normalized E-Field amplitude variation through the y-axis for slow
D-dot probe (t,,; =100ps) and fast D-dot probe(t,,, =30ps) which has an acceptable
agreement with (8).
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Figure 5. Shrinkage of the spot size for fast B-dot probe(t,,, =30ps)
2 \\<— Slow D-Dot
Ei \ tmr=100ps
S
£
o Fast D-Dot
iﬁ tmr=30ps
w
72 Sl ARl o 2o M i\ >
(0]
N
©
£
O
pd \
-8 -6 -4 -2 0 2 4 6 8
y (cm)

Figure 6 Normalized E-Field Amplitude variation through y-axis for slow D-dot

probe( t,,, =100ps ) and fast D-dot probe( t

~

mr —

30ps).




Conclusion

This paper discusses a new type of a subnanosecond focusing lens for a YRA which has
been started to use as an noninvasive pulse delivery system for skin-cancer treatment in
the near field region. This lens will reduce the damage to the tissue layers surrounding the
target and skin [8]. We have discussed D-dot and B-dot probes design for subnanosecond
pulses. Preliminary experimental results and analytical spot size analyses are presented.

References

[1] K. H. Schoenbach, R. Nuccitelli, and S. J. Beebe, “Zap,” IEEE Spectrum, pp. 20-28,
1980.

[2] Altunc, S., C. E. Baum, C. G. Christodoulou, E. Schamiloglu, and C. J. Buchenauer,
“Focal waveforms for various source waveforms driving a prolate-spheroidal impulse
radiating antenna (IRA)”, Radio Sci., 43, p. RS4S13, 2008.

[3] C. E. Baum, “Focal waveform of a prolate spheroidal IRA,” Radio Sci., vol. 42, no. 6,
p. RS6S527, 2007.

[4] C.E. Baum, S. Altunc, C.G. Christodoulou and E. Schamiloglu, “Electromagnetic
implosion using an Array,” IEEE Trans. Plasma Science, Vol. 36, pp. 757-763, 2008

[5] C. E. Baum, “Addition of a lens before the second focus of apProlate-spheroidal
IRA”, Sensor and Simulation Note 512, 2006.

[6] S. Altunc and C. E. Baum, “Lens design for a prolate spheroidal IRA”, Sensor and
Simulation Note 525, 2007.

[7] Altunc S., C.E. Baum, C. G. Christodoulou and E. Schamiloglu “Design of a special
dielectric lens for concentrating a subnanosecond electromagnetic pulse on a
biological target,” under review, IEEE Transactions on Dielectrics and Electrical
Insulation .

[8] C. E. Baum, “Parameters for some electrically small electromagnetic sensors”, Sensor
and Simulation Note 38, 1967.

[9] C. E. Baum, “Maximizing frequency response of a B loop”, Sensor and Simulation
Note &, 1964.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 36
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /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 36
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /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 36
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings with Distiller 7.0 or equivalent to create PDF documents suitable for IEEE Xplore. Created 29 November 2005. ****Preliminary version. NOT FOR GENERAL RELEASE***)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


