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30GHz RF Pulse Stretcher
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Abstract RF Pulse stretcher is an antiphrasis of RF pulse compressor. It is used to convert short high power RF pulse to long low
power RF pulse. The Power Extraction and Transfer Structure ( PETS) in CTFIl ( Compact Linear Collider Test Facility Phase two)
can provide 280MW 16ns pulse. It is desirable to use it to get longer pulse to study the pulse length dependence of maximum achiev-
able surface gradient in one of the 30GHz copper accelerating structures. The 30GHz RF pulse stretcher was designed, manufactured,
tuned, installed and successfully operated in CTF ] .
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1 Introduction

In 2002, CTF [1'" was operated mainly as a high
gradient test stand for the development of 30GHz acceler-
ating structures. A novel 30-cell structure with so called
mode launcher coupler and tungsten irises reached an av-
erage gradient of 125MV/m with a peak gradient in the
first cell of 150MV/m'* when powered with 15ns pulses.
No damage was found after inspection. This is very close
to 150MV/m of the nominal CLIC gradient, but is almost
10 times shorter. Because the achievable gradient is ex-
pected to decrease with pulse length, this gradient has to
be demonstrated for a longer pulse. So it was decided to
build a 30GHz pulse stretcher to lengthen the available
RF pulse from 16ns to 32ns.

2 Principle

RF pulse compressors”'” have been studied and
used for many years. An RF pulse stretcher has the same
configurations as. an RF pulse compressor but works for
the contrary purposes.

The system setup can be shown in Fig.1(a). The
typical output pulse is shown in Fig.1(b).

It is very similar to SLED- T ****'  but several differ-
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ences exist. First, the reflecting coefficient of the reflect-
ing iris is chosen so that the reflected pulse and the first
round trip pulse have the same amplitude. Second, the
length of the resonant delay line is tuned to keep the first
round trip pulse in phase with the reflected pulse. Third,
there is no phase flip in the input pulse.
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Fig.1. Pulse stretcher.

(a) Pulse streicher configuration; (b) Typical output pulse.

One part of the input RF power is reflected by the
iris and is directed to the load by the hybrid. The left was
transmitted to the two delay lines. After the time
t =2L/v,, the RF pulse reaches the iris again. Again,

one part is transmitted and directed 1o the load. The left
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goes back into the delay line. This is repeated after the
RF power is attenuated totally in the delay lines. If the
length of the delay line is chosen to be L = v, * t;,./2,
we can get a reflected pulse followed immediately by sev-
eral equal-length pulses with the decaying amplitude. We
can adjust the reflection coefficient of the reflecting iris to
get equal amplitude in the first two bins of the whole pulse
series. So we get an RF pulse longer but lower in power
level from the input RF pulse. To equalize the amplitudes
of the reflected pulse and the first round trip pulse, the

relation between the reflection coefficient s and the round

trip loss A in the delay lines should be as follows:

A = —zuA = eilnl.v (1)
1 -5

where L is the length of the delay line and a is the atten-
uation coefficient .

To minimize the total cost, it is decided to use the
standard rectangular waveguide WR34 (4.32mm x
8.64mm) as delay lines. To provide a delay time of
16ns, the length of a single delay line is 1.97m. Then
the value A is 0.825, and s should be 0.56.

As in SLED- I , the phase problem can be discussed
using a single delay line with reflecting iris. As shown in

Fig.2, at the iris

i
R = se

T _ /] _ S2ei(9-d2) , (2)

g - %+sin"s, -
At the left reference plane,
R =-3,

T':ivl-52 (3)

When used as a pulse compressor, we can place a short at
NA
L= T’ from the right reference plane. The emitted wave

traveling left after a round trip is 180 degree out of phase
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Fig.2. Single delay line with reflective iris.
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with the reflected wave. If we add another A, /4, the first

emitted wave will be in phase with the reflected wave.
This means that we can tune the delay line so that the
phase of the extended pulse is the same as the input
pulse. This also means that the 32ns pulse can be used
with the beam turned on. So the >hase length of the delay
line should be tuned to be

L ="+ (4)

3 30GHz planar hybridi

This is a planar type hybrid. The cross section of the

four ports is 4.32mm x 8.64mm, the same as the stand-
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Fig.3. Planar H-hybrid.
(a) Electric field pattern; (b) Real model;
(¢) S matrix.
ard WR34 waveguide. The height of the hybrid is
4.32mm. Port 1 and port 4 are isolation ports. Input
power from port 1 is divided equally between port 2 and
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port 3. The phase difference between port 2 and 3 is 90°.
The match condition can be reached by tuning the length
and width of the connecting wave guide, the depth and
angle of the triangular protrusion. The width of the con-
necting waveguide must allow TES to propagate but must
keep TE3 below the cutoff. It is made from stainless steel
by wire cutting. An HFSS was used extensively in the op-
timization of the hybrid. The electric field pattern, the

real mode] and the S matrix are shown in Fig.3.

4 Pulse stretcher tuning

The pulse stretcher tuning was done in several steps.
After measurements of the actual decay ( - 2.5 dB) and
the delay (16.4ns) of the single line, the reflection coef-
ficient was re-adapted. The new values were: A’ = 0.563
and s =0.535. The hybrid showed a little imbalance
(about 0.2 dB), however, the matching remained within
an acceptable level, less than - 25 dB. Finally, the
lengths of the delay lines were adjusted to provide the
synchronous RF phases of the reflected and delayed puls-

es. This was done by tuning the steady state transmission
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Fig.4. S, before and after tuning.

(a) Before tuning; (b) After tuning.
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to a local maximum. Fig.4(a) shows the initial transmis-
sion of the pulse stretcher. Fig.4(b) shows the transmis-
sion after tuning. It is worth to note that if the device
were to be used as a compressor, the tuning would be

done to the local minimum.

5 High power test

The pulse stretcher was installed in CTF [] as shown
in Fig. 5. A typical shape of a stretched pulse at high
power is shown in Fig.6. It clearly shows that the delay
lines were properly tuned and the whole system works

well .

Fig.5. Pulse stretcher in CTF[] .
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Fig.6. Typical output of pulse stretcher.

6 Conclusion

The principle of RF pulse stretcher has been devel-
oped. All the RF components are designed and manufac-
tured. The whole system has been tuned. It has been in-
stalled and successfully tested under high power in CTFIl.
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