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Abstract. The design of a tapered stripline fast Faraday cup (TSFFC) to perforimpbgance
matchingbetweenthe fast cup itselfand the signal line(connector, cableand amplifier) is
reportedhere. Thefrequencyresponse of th& SFFC as aigh-pass filter isanalyzedfrom a
theoretical point of view and some solutions to achieve a broadband response are given.

INTRODUCTION

The design of a fast Faraday cup hasréspect some rules regarditite required
bandwidth and the characteristic impedance (1).

If only the TEM (or quasi-TEM) mode has to be transmitted along the line, the cut-off
frequency is an important parametegsing astripline fast Faraday cup with a thickness
between 0.5 and 1 mm, a bandwidth over 50 GHz can be reached.

The characteristic impedance, in plamgometry, given alielectric medium, is
proportional to the ratio between the dielectric thickness and the strip width. For instance,
if the dielectric is teflon and its thickness is 0.5 mm, a width of 10 mm or more implies a
characteristic impedance of @0or less, so a problem of impedance-matching witl250
has to be worked out.

Onesolution is to use a resistor networknbatch the impedancgg). In our case,
we sought taavoid resistor weldings othe strip by designing @apered stripline fast
cup. On the other hand, one can regard this as a high-pass filhesgroblems$ave
to be solved. They will be shown in the next sections with the possible solutions.

THEORY OF THE TA PERED STRIPLINE

An exhaustive study of the taperdnsmissiorine theory is given in Reference 3.
In the analysis of a tapered striplirtee starting point is teonsider it as a transmission



line with characteristic impedance changing continuously alemdongitudinal direction
as a result of the changes in the strip width.

These changes produce a change irtdta reflection coefficient at thimput as an
addition of the same infinitesimal variations. The formula is the following:
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whererl is the total reflection coefficient at theput of thetaper,L is the total taper
length,zis the longitudinal coordinatg,is the inverse of the wavelengip=2n/A) andZ
is the normalized impedance, as a function of the distanal®ng thetaper. If the
variation inZ with zis known,i may be evaluated from the above equation.

This was done fothe fast cup. The strip width changesdinearly with z, so the
characteristic impedance is inversely proportional to the longitudinal coordinate (the
dielectric thickness remainsinchanged).The resulting integraldoes nothave an
analytical solution and was worked out numerically, taliag parameter.
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FIGURE 1. Calculated reflection coefficient vs. frequency

Figure 1 showshe calculated reflection coefficient magnitude frequency . The
high-pass effect is visible.

The tapered striplinevas simulatedusing an HP programamed“High Frequency
Structure Simulator,” andhe plot of thetransmissioncoefficient vs. frequency is
reported in Figure 2, showing a similar high-pass filter effect.
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FIGURE 2. Simulated transmission coefficient vs. frequency

ANALYSIS OF THE ACTUAL TAPERED STRIPLINE

A drawing of the tapered stripline is shown in Figure 3. At the extremtiiesyidth
of the strip is matched with a $Dcharacteristic impedance, but afteleav millimeters it
becomes larger to reach a width of 14 mm in the central region, which corresponds to an
impedance of Q. This central region is thenpact zondor the beam.The cup is 0.5
mm in thickness and the dielectric is teflon.

The frequencyresponsebetween 0 and.5 GHz wasanalysed with a spectrum
analyser,putting a signal into the 5@ matching section and looking at the other
extremity, and the result ghown in Figure 4. lrcontrast withthe simulation, where
only half of this actual stripline was analyzed (from thebfhatchingstrip tothe center

of the cup), the frequency response here shows an attenuation of 10 dB between 40 MHz
and 1 GHz.
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FIGURE 3. Fast Faraday Cup dimensions (in mm).
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FIGURE 4. Frequency response of the TSFFC (range 0-6.5 GHz)

This kind of transfer function gives differentsponses atlifferent input signal
widths. However, forthe beamsnvolved, the cupmust, beable to measurdunch
widths between 10 nslown to 100 ps, so it isiandatory to have a broadband device.
This hasled to a morevidespread problem of reconstructitiige inputsignal, knowing
the output signal and the transfer function of the intermediate device.

SIGNAL RECONSTRUCTION

The frequency response of the designed TSE&TCbe approximatedith a transfer
function having two poles and twzeroes.Thesefour points determine the 10 dB
attenuationhollow mentionedbefore. By means of thé’LAPLACE” function in the
PSPICE codethe transfer functionwas successfully simulated. This illstrated in
Figure 5, where, usinthe same inpusignal, (actual in“A” and simulated ifiB”), the
output signal from the 20 GHz HP sampling oscilloscope is comparedheitimulated
output signal from PSPICE.

Once the transfer function is so characterized, the deconvolution of the output signal
may solve the problem, but at present this is nadeful, asthe signal reconstruction
cannot be done in real time.

Two different methods have been considered, neyteerealized, to achieve a result
in real time: 1) theuse of aDigital Signal Processor (DSP) to do a software
reconstruction, 2) to carry out the transfer function inversion using a hartikerwith
resistors and capacitors.
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FIGURE 5. Signalreconstruction usin@SPICE:“A” from the oscilloscope,"B” from
PSPICE with simulated transfer function.

The first method implies taking the ddtam the HP oscilloscopwith the HP-VEE
program, working orthemwith a DSP, which performsthe deconvolutionwith the
inverse of thetransfer function, andhen displayingthat processed datalhe second
methodwas simulated withPSPICE codeThe inverse of thdransfer function was
approximated with only one zero and one pole at 20 dB/deslage. The result is
shown in Figure 6. With this second method there is a problem of sitjealiation due
to the passive resistor and capacitor network.

CONCLUSIONS

Until now the problem of the input signal reconstructioas been successfully
analyzed with simulations. The fast cup was implemented but hagtoéen put in the
beam. In a few months, a test with the hardware reconstruction will be performed. In the
future, we hope to be able to do also the software reconstruction.
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FIGURE 6. Signalreconstruction simulatiomsing PSPICE witlthe “hardware”filter:
“A” input signal, “B” output signal after simulated transfer function and filter.
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