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ELECTROMAGNETIC COLD-TEST CHARACTERIZATION OF THE QUAD- 
DRIVEN STRIPLINE KICKER 

Scott D, Nelson and James E< Dttnlap 
Lawrence Liver more National Laboratory, Livenhore, California 94550 USA 

AMsimct 

The first kicker concept Assign. [1] for team deflection 
was coHstrucicd in allow sttipliiie plates to be driven; ihm 
directing, or kicking, the electron beam into two' subse- 
quent beam lines. This quad-driven stripltrte kicker is an 
eight port etectromaguetic network and consists of two 
actively drive» plates and two terminated plates. Electro- 
magnetic measurements performed on the bi-kieker [2] 
and quad-kicker were designed to determine: (1) the qiial- 
ity.oJ the fabrication of the kicker, including companem 
alignments» 12) (pwiitlfiosiion of the input feed transition 
regions from the top« coax to the driven kicker plates; <3) 
ideatification of properties of the kicker itself without 
involving the effects of the electron team; (4| coupling 
between a line current source arid the plates of the kicker; 
and (5) the effects on the driven current to simulate an 
electron'beam through the body of «he kicker. Included in 
this are the angular variations inside the kicker io «ami« 
modal distribution. The goal of the simulated beam was 
to allow curved path and changing radios studies to be ptt~ 
formed etectromagnetissally, The sold test results pro- 
duced were then incoqwrated into Mam 'models [3]. 

1 INTRODUCTION 

The original kicker design was conceived to allow for 
the diversion of the ete«ron beam dynamically during a 
long pulse; thus acting, like a beam splilter, Experiments 
performed on the kicker [4] detail the operating parame- 
ters of'ihg system, This paper outlines: the electromagnetic 
cold-lest measurements performed on the kicker m part of 
the analysis and concepts for the kicker pulser require* 
meats. 

Figum i. The quad-kicker in the Experimental Te.it 
Äccütemfor (ETA SI I hmmline m part afthe verifica- 
tion experiments (41 Note she four ports m each 
md öf the quad-kicker. These ports connect directty 
to the deflection platex. Twa afihe white pulser 
cables am visible, in thej(.mgmu»d, 

Due toheamline wsage and the rnotivatbns for the cold- 
test measurements, the kicker was tested in the LLNL 
Hectromapecics Laboratory -using a variety of vector net- 
work mmfywm do sweep the frequency hand) and time 
domain impulse generators and scopes. 

Figure 2, fht quad-kieker wm tested using fit- 
qumcy- and time-äoftiam scopes to cover the band 
for the swept frttqwiwy fötfs arid mstrnttmetms 
impulse tests, 

2 KICKER PORT TESTING 

Each of im eight input poos af the kicker were mmi 
over a frequency hand from 45 MH± to 500 MHr Two 
porte connected to She. input and output of each of the four 
plates through a tapewd transition 
legion through a coaxial connector. 
The pin on the plate connected 
directly to the «nter pin of .the COM. 

The results of the measurements 
(shown in. Figure.3) indicate 0broad- 
band maitti with the exception of res- 
onari«!$ caused by (he feed, regions.. 
The comparison in figure 4 illustrates the feed region 
effeeis based on experience learned from she hi-kieker and 
qpiad-kieker development activities. 
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Figure J, The input impedance of each of the parti is 
sknm vs. frequency {margin of error a +/- 0J 
ahmst. The spikes at 388,75, 4't4jQ. 460 MHz am 
higher order tmie resonances and mrrmpmd to 'Q'$ 

■(jfJiÖ.fäuadriipale-mode), §1 (dqmte mode), and 29 
jdipoie mild«) respectively* 



M-kieter quad-kieker 

Figure 4. The iiiptti reflection coefficient fin dB)-vs. 
frequency (in MHz} of the bi-Mcker was much more 
uniform due to the. more gradual iritmmoii region 
after the coaxial feeds; The quod-kicker kid a more 
abrupt transition titfter the ax» -and has a larger 
input rerfieetim coefficient. The spikes in the hi- 
kicker response curve, am due to the grounded pliUt 
resonances and were eUmimtted in the quad-kicker. 

Figure 5. Themmpiex input impedmwe, iff the kicker 
k j'l»«?j for am of the ports (the variant'* between 
the parts is +/- 7 olitiw due to fabrication differ- 
ences}. The three xtmight timjs in the. curve repre- 
sent under tempting. 

3 CROSS COUPLING TERMS 

The cross-plate coupling terns of the kicker eorre- 
spoofed to the coupling between adjacent and opposite 
ends of the various■.plates to each otter, These coiipHng 
tern« represent energy that couples from the kicker pulset 
driven plate to those plates that are terminated, thus induc- 
ing Mis oat.» pistes ihffl ire not directly drive«, These 
cross coupling terms are app.reei.aWe i%% and 2(A) «wen 
at the löwer frequencies. 
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Figure 6, The magnitude Of the. mupliag between 
adjacent plates vt fttqumty shews significant crews' 
ewiptmgatwwltiptesof'BÜMHz. "Hieadjacentpkiie 
coupling is 20%. amd the cmss plate coupHn'g ix H%. 

Figure 7. The quad-Jdvker pltties etn> identical and 
each is connected to a '50-okm waxial port, F&r the 
experiments 14] using tfte existing kicker pulsers, two 
.of the platen were driven and the other tw& plates 

were terminated in matched loads, Eaihphte is 7# 
wide (J2;8?cm radius) and is supported hy rextttite. 

4 FORWARD COUPUNG TERMS 

The kicker pulset* drive one end'of the plates and the 
other end Is mated to reduce reflectiöttS on the plate struc- 
ture. The loss '■along, the plates h temttm l dB and the 
-ttarafer function fmm one end of the-plate to the other is 
shown in Figure S. 
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Figure I, The transfer ftmeiMm I irt dB) vs. frequency 
fmm me end uf the plates to the other end. In the 
law frequency part of the spectrum. Pie curves for the 
varitMX plaiex ttverlap to wilhiri 0,025 dB. 

$ KICKER RESPONSE 

For identification of the transient properties of the 
kicker and i» association between a staralated beam aod 
ihe kicker ports s a ramp puIsef0.*)5V per 300n£i «as used 
to excite the wirc-curttra. The resttlling- wweforra thai 
was induced on the downstream output port is shown In 
Figure 9. 
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Figure 9. "Hie effect of the 300 m ramp puise cou- 
pling fmm tltewin-ctmmtMtme ttftM kkker plötm 
heimg monitored at a (townsman} ptm. Notice that 
after about 70 m, the coupling stabilizes w -0,005 
\hlts (corresponds to •0.53%}, "The spikes occur m 
the tmmitiott of'weh 300 ns excitation mmp wme- 
farm. 



When the central wire representing an electron beam 
was excited through the main body of the kicker, the 
"pump-up" time of the kicker was observed as an equiva- 
lent time constant of 70 ns. This corresponds to the cavity 
fill time between the simulated beam pulse and the ports. 

6 AZIMUTHAL VARIATIONS 

During the course of the measurements, the azimuthal 
variation caused by the offset-rotations of the current-wire 
was measured and compared against the theoretical solu- 

tion for an offset wire in an ideal 
kicker. A comparison between 
this theoretical solution (dashed 
line) for an electrostatic coupling 
case and that for the experimental 

90 i8o 27o 360 cases at the peak coupling points 

of 68.4, 139.2, and 209.4 MHz. is shown in the above plot. 
The angular frequency spectrum of the above plots was 
taken to determine the relationships between the various 
modes (Dipole, Quadrupole, and Sextupole) in the kicker 
and those modal ratios are shown in the table below 

static 68.4 139.2 209.4 eqd) 
VQ/VD 0.136 0.134 0.140 0.169 0.174 

vs/vD 0.0252 0.0315 0.0327 0.0351 0.0203 

and are in a similar range to that determined by integrating 
the simple analytic representation [5] along the plate 
boundaries shown in Equation 1, 

3 4> 

VS 

4q~ fcos36^e 
b   A 

4?4 [cosGtfe 
-if 

la_sin3<j> VQ _ lasin2(j> 
3fc2 sin<t> VD ~ 2b sin<j> (1) 

where (j) is the plate half-angle (39°) but 45° was used to be 
consistent with the theory since Eq(l) assumes no gaps, b 
is the plate radius (12.87 cm), and a is the radius to the 
wire position (3.175 cm). Differences can be attributed to 
gap effects between plates, end effects near the feeds, and 
simplifications of the analytic representation. 

The equivalent circuit model for the kicker is composed 
of a series of transmission line sections and cross-coupling 
terms representing the plate-to-plate effects. 

7 CONCLUSIONS 

Although the frequency range of interest for kicker 
applications is in the low hundreds of megahertz range and 
is based on the bandwidth of the kicker pulser, there were 
initial concerns about beam induced effects. For this fre- 
quency range: the cross coupling between adjacent ports 
is less than 14 dB; the input impedance for each port is 
between 50 and 90 ohms; transmission along the plates 
experiences less than 1 dB of loss; and cavity measure- 
ments show a cavity pump-up time, and a dl/dt coupling 

between the current-wire and the cavity. 

The input reflection coefficient for some higher fre- 
quencies can approach 30%; but these frequencies are 
expected to be outside of the normal operating range of the 
kicker. However, in making the modifications from the bi- 
kicker design to the quad-kicker design, the frequency 
band where these effects make a pronounced difference 
was lowered and is closer to the operating band. Thus, 
subsequent changes in the kicker design would need to be 
leery of this limit. It should be emphasized however that 
the elimination of the shorted plates from the bi-kicker 
design substantially improved the operation of the quad- 
kicker [4], 
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