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Abstract

We present theory and experimental data for a resonant-delay-line pulse-compression
system. The system is fed by two high power klystrons at X-band. The output power is
four times bigger than the input power. The system produces flat-top output pulses. The
system uses evacuated room-temperature copper delay lines as a means of storing energy.
These lines achieved a quality factor greater than 4.3x10°, with total losses due to
external components measured at 4%. We compare theory with experimental results.
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Abstract-We present theory and experimental
data for aresonant-delay-line pulse-compression
system. The system is fed by two high power
Klystrons at X-band. The output power is four
times bigger than the input power. The system
produces flat-top output pulses. The system uses
evacuated room-temperature copper delay lines
as a means of storing energy. These lines
achieved a quality factor greater than 4.3x10°,
with total losses due to external components
measured at 4%. We compare theory with
experimental results.

I. INTRODUCTION

Radio frequency pulse compression using
resonant Delay Lines is proposed as a method
for achieving the high-power flat rf pulse
required to drive the Next Linear Collider
(NLC) [1-2]. In order to achieve pulse
compression, energy from an incoming rf pulse
Is stored in high Q resonant delay lines. While
charging, energy that leaks out of the delay lines
IS, to great extent, canceled by the reflected
incident rf. To discharge the lines, the phase of
the incoming pulse is reversed so that the
reflected signal from the inputs to the lines adds
constructively with the emitted field from the

stored energy in the lines for the duration of one
round trip time of rf in the line.

The system suffers from two types of losses
that reduce its efficiency: intrinsic losses and
finite conductivity losses. By design, some of
the input energy is immediately reflected at the
delay line entrance during the charging phase.
Additionally, after the phase reversal, the energy
inside the lines is not discharged completely at
the desired compressed pulse time period.
Unfortunately, the coupling coefficient to the
line that maximizes the energy storage makes
the energy discharge from the line far from
optimum. The system is designed for an
optimum coupling coefficients at a specific
compression ratio to maximize the output
power. During the period of time the rf energy
spends inside the storage line part of it is lost
simply due to the finite quality factor of the
lines. Similar losses occur from the finite
conductivity of the components used to
manipulate the input and output signals.

We describe the experimental procedures and
the measurements performed on the high-power
X-band prototype built at the Stanford Linear
Accelerator Center (SLAC).
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1. THEORY

Consider a waveguide delay line terminated
by a short circuit and coupled at its input with a
coupling iris. The lossless scattering matrix
representing the iris is unitary. At a certain
reference plane the matrix takes the following
form:
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In writing Eq. (1) we assumed a symmetrical
structure for the iris two port network. The

forward and reflected fields around the iris are
related as follows:

Vo =-RV - jA-R)"V, (2
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With the exception of some phase change,
the incoming signa V, at time instant t is the

same as the outgoing signal V, at time instant
t —7 ; where 7 is obvioudly the round trip delay
through thelineg; i.e.
V, (1) =V, (t-1)e 4)
where 5 is the wave propagation constant
within the delay line, and | is the length of the
line. Substituting from Eq. (4) into Eqg. (3) we
get
V; (1) = -j@1- RV, (1) - RV, (t-1)e .
®)
During the charging phase we assume a
constant input, i.e., V,"(t) =Vinwhich eguals a
constant value. We, aso, assume that all the
voltages are equal to zero at time t < 0. Hence,
substituting the solution of the difference
equation (5) into Eq. (4) leads us to write
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In Eq. (6) V, (i) meanstheincoming wavein
thetimeinterval iz <t<(i+1)7 andi=0.
Substituting from Eg. (6) into Eqg. (2) we get

1-(-Re Jzﬂ) —12/31
1+ Re '?A i

Vi (i) = VingR, + (L- R)
[
@)

If the delay line has small losses (4 has a
small imaginary part), at resonance the term
e =-p. ®
where p is a positive real number close to 1.
Eq. (7) becomes
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After the energy has been stored in the line
one may dump part of the energy in a time
interval 7 by flipping the phase of the incoming
signal just after atimeinterval (n-1)z7, .i.e,

Vin O<t<(n-Ir
V(1) = F-Vin (n-Dr<t<nr (10)
Eb otherwise,

The output pulse level during the time
interval (n—1)7 <t <n7 can be caculated from

Eq. (2) withtheaid of Eq.(6). Theresultis
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Indeed, this is the essence of the pulse
compression system.

The maximum power gain of the system is

limited. Using Eq. (11), the power gain as
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which has a maximum value of
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Clearly the maximum power gain is limited
to 9 as p — 1 Furthermore, this maximum is
greatly affected by the losses in the delay lineg;
for example, the gain is limited to 7.46 if the
line has a 1% round trip power |osses.

1. SYSTEM IMPLEMENTATION

Figure 1 shows the pulse-compression
system. It uses two 41.6-meter long cylindrical
copper waveguides as delay lines, each 12.065
cm in diameter and operating in the TEy; mode.
In theory, these over-moded delay lines can
form a storage cavity with a quality factor Q >
1x10°. A shorting plate, whose axial position is

controllable to within £4 um by a stepper motor,
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coupling to the lines do not excite higher order
modes provided that they are perfectly
concentric with the waveguide axis.

A compact low-loss mode converter excites
the Tk; mode just before each iris. These mode
transducers, known as wrap-around mode
converters, were developed specifically for this
application. Both mode converters are
connected to two arms of a high-power, over-
moded, planer 3-dB hybrid. This hybrid is also
designed specially for this application so that it
can handle the super high power produced by
this system. Therefore, the reflection from the
lines exits through the third arm of this hybrid
while the input to the lines is fed through the
fourth arm. The distance from the irises to the
center of the hybrid has been adjusted to within
+13 um to maximize this transmission.

The iris reflection coefficient is was
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Figure 1 . Resonant Delay Line Pulse compression system

terminates each of the delay lines. The input ofoptimized for a compression ratio of 8.
the line is tapered down to a 4.737 cm diameter

waveguide at which the mode gEs cut-off;

hence, the circular irises which determine the



IV RESULTS

The power gain was measured for a series of
compression factors. A least-squares fitting of
these measurements to theory is shown in Figure
3. The round trip losses was found to be 2.45%,
indicating an intrinsic Q for the lines of 4.3x10°.
The external losses are 4%, and the iris
reflection coefficient is 0.74. The iris was
designed using a mode matching code to have a
reflection coefficient of 0.73, the optimum value
for acompression ratio of 8.
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Figure 3. The points are measured power
gains. The curve represents the least-squares fit.

This pulse compression is fed by two high
power klystrons operating at 11.424 GHz. The
each klystron is capable of producing 50 MW of
rf power. Hence, the maximum input power
available for this compressor is a 100 MW.
Figure 4. Shows the input and output of the
compressor. The output power level is about
300 MW. The maximum power achieved by the
system at the time of writing this paper. Going
up in power is foreseen as the components get
processed, and the vacuum pressure inside the
system improves with time.

V. CONCLUSION

We presented an implementation of a super high
power, resonant-del ay-line pulse- compression
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Figure 4. High-power pulse compressor output.

system. The output of the system agrees well
with theory. The over-moded components and
mode converters have proven to be capable of
handling thislevel of rf power at X-band.
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