DESIGN OF AN IMPROVED S-BAND SLED PULSE COMPRESSOR
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Abstract

This paper presents the design of an improved SLED
pulse compressor for our beam test platform at National
Synchrotron Radiation Laboratory (NSRL). It consists of a
3 dB hybrid, a TE1o-TEo1 mode converter, and a resonator
storage cavity. Through geometrical optimizations, the res-
onator is designed to operate in the TEo, 1,10 mode, which
offers a high intrinsic quality factor while maintaining
cost-effectiveness. Additionally, the conventional cylindri-
cal configuration has been modified to a double-ended con-
ical structure, which facilitates better mode isolation.

INTRODUCTION

RF pulse compression is widely used to increase peak
RF power when the klystron pulse length is long compared
with the pulse required by an accelerating structure. In a
SLED-I system two identical storage cavities are filled
through a 3 dB hybrid coupler and, near the end of the drive
pulse, the incident phase is reversed by 180 degrees to re-
lease the stored energy into a shorter, higher power pulse
[1]. Compact high-power systems require high intrinsic
quality factor and stable mode operation. TEO1-like cylin-
drical modes are attractive because the magnetic field in
the wall is small, enabling high Q,, while adiabatic'tapers
transitions can suppress excitation of unwanted modes and
reduce the size of the mode converters{2],[3].

DESIGN REQUIREMENTS

The compressor comprises(i)a foursport 3‘dB hybrid for
power splitting/combining and source ‘isolation, (ii) two
identical TEo, 1 iosstoragedavities, and (iii) a compact TEio-
TEo1 modesConverter torconnect a rectangular waveguide
input tothe circular cayity, Fig. hdemonstrates the proto-
type pulse compressor of the CERN\BOX2 SLED. Figure
2 shows a block diagram of the propesed configuration.
The intended operating point is 2.9982 GHz with 4 us input
pulses at 50 Hz repétition. Low-power acceptance is spec-
ified by mputinttinsic quality factor, while pulse-compres-
sion performance is expressed by peak and average power
gains at the required compressed pulse length.
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Figure 1: CERN BOX2 SLED.
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Figure 2: Block diagram of the improved SLED-I pulse
compressor with two storage cavities and a3 dBhybrid [4].

Table 1: Main Design Targgts of the S-band Pulse
Compressor

Parameter Target Unit
Operating 2.9982 GHz
frequency

Repetition 50 Hz
Input| pulse 4 us
widthy/

Output pulse 0.8 us
width

Input power. 45 MW
Cavitymode TEo 1,10 -

Qo >=95,000 -
Peak >=5 -
Average >=3 -
power gain

TEo,,10 STORAGE CAVITY WITH
PARAMETRIC ADIABATIC TAPERS

The time - domain method [1] directly characterizes the
pulse compression process through the analysis of the tran-
sient behavior of resonant cavities. This approach can be
integrated with frequency - domain analysis for verifica-
tion. By utilizing rectangular pulses as ideal input pulses,
any pulse compressor can be assessed based on the follow-
ing key parameters:

t ¢
1 ftlz Poye()dt tlz Poye(t)dt

= - . 1
ty—tq ftflz Pin(t) dt fff Pin(t)dt )

Where t; denotes the phase inversion time, t; represents
the input pulse width, M indicates the equivalent power
amplification factor within the duration of a radio fre-
quency pulse. The parameter analysis of the mode con-
verter is shown in Fig. 3.
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Figure 3: Analysis of cavity mode and related parameters.

The structure of the resonant cavity is shown in Fig. 4.
For SLED-I systems containing adiabatic cones, the anal-
ysis of corresponding power gain coupling can be con-
ducted using cylindrical models, while Q-value and fre-
quency analysis requires the equivalent method. This study
approximates complex continuous gradient segments as
equivalent cylinders with radius R,,4 = (R1+ R2)/2
(where R1 is the main cavity radius and R2 is the end ra-
dius). By combining the local resonant frequency f; of
the main cavity with the local frequency f, of the equi
alent gradient segment, the overall hybrid equivalen
quency can be derived through physical length weig

Fi __ Hyfi+2Hy f;
mix Hy+2H,

2 200 mm
3 39.68 mm
H3 13.3 mm
rl 3.54 mm

The resonant cavity is composed of parameters listed in
Table 2. These parameters can be tuned to meet the fre-
quency target, manage mode spacing, and improve match-
ing to the mode converter. Geometric optimization is in-
cluded at joints and around the coupling iris to reduce peak

magnetic field and to mitigate pulse heating. And the sim-
ulation results are shown in Fig. 5 and Fig. 6.
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Figure 5: (a) Simulated electric field of the TEO,1,10 mode
in the improved storage cavity with adiabatic tapers. (b) Q0
and mode frequency interval.
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ust deliver high power with low re-
isolation of the klystron during the
ge. Two key components are the TE10-TEO1
er and the 3 dB hybrid.

source port remains isolated while power is delivered to the
load port. The design was optimized for amplitude balance
and phase accuracy around 2.9982 GHz.

The 3dB Hybrid S-parameter is below -45dB at the tar-
get frequency.

Figure 7: Structure of the 3dB Hybrid.
Compact TE;0-TEo; Mode Converter

A compact mode converter transforms the rectangular
waveguide TE1o mode to a TEo; mode suitable for feeding
the cylindrical cavity (Fig. 8). A short multistep approach
is used: TEjo is first transformed into an intermediate mode



in a compact rectangular section and then launched into a
circular where matching posts are used to minimize reflec-
tion and suppress competing modes. The compact con-
verter reduces sensitivity to assembly length and enables
integration within the required space.
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Figure 8: Simulation diagram of the mode converter.

The mode converter achieves excellent performance
with a reflection below -50dB.

SIMULATIONS AND DISCUSSIONS

The overall assembly results are shown in Figure 8, with
mutual validation conducted using HFSS and CST. Since
CST better simulates copper wrapped on vacuum layer sur-
faces, the CST model on the right is depicted in yellow. The
coupling degree and reflection results are illustrated in Fig.
9.

(©) (d)

Figufe 9: (a) Full assembly diagram ofpulse compressor in
HESS. (b) Full assembly diagram of pulse compressor in
CST. (¢) simulation aesults of pulse compressor HFSS (d)
simulation results®©f pulse compressor CST.

Analysis of Figh9 (c) and Fig. 9 (d) reveals that the cou-
pling degrees of 7.70 and 7.90 respectively yield essen-
tially consistent results, with reflection levels below-30dB.

Eigenmode simulations in HFSS [5] and CST [6] were
used to tune the TEo, 1,10 frequency to 2.9982 GHz while
maintaining a minimum mode separation of about 10 MHz
in the neighbourhood of the operating mode. With oxygen-
free copper walls, the intrinsic Q is predicted to be near
140000, exceeding the acceptance threshold of 95,000. Af-
ter assembling the mode converter and hybrid, the coupling
iris was adjusted to reach a coupling factor beta around 8,
corresponding to an on-resonance reflection magnitude of
about -2.2 dB. Time-domain calculations using standard

SLED relations indicate peak power gain above 6 and av-
erage gain above 3.5 for 4 us input and 0.8 us compressed
output.

And our magnetic field results are less
0.22 MA/m, with pulse temperature rise below 22 °C.

CONCLUSION

An improved S-band SLED-I pulse compressor has been
designed with TEo,1,10 storage cavities, employing paramet-
ric adiabatic tapers. The key geometricwvariables (R1, HI,
R2, H2) provide tuning flexibility and support stable sin-
gle-mode operation while simplifying the TER0-TEO1 con-
version. Simulations indicate thatsthe design ean satisfy
low-power acceptance criteria and achieve peak compres-
sion gains consistent with/the high-power, requirements.
Future work will include, fabrication, low=power RF 'meas-
urements) and high-power testing with tempetature and
vacuum conditioning.
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