
—

RF SYSTEM UPGRADES TO THE ADVANCED PHOTON SOURCE
L4NEAR ACCELERATOR IN SUPPORT OF THE FEL OPERATION*

T.L. Smith+, M.H. Cho+, A.E. Grelick, G. Pile, A. Nassiri, N. Arnold

Argonne National Laboratory, Argonne, IL60439 USA

The L2, L4, and L5 sectors are conventional sectors, each
using a SLED cavity assembly [3] to feed four ASS. L3
supplies rf power to the photocathode gun located at the
beginning of the Iinac. For normal storage ring injection
operation, L 1, L2, L4, and L5 are operated; for self-
amplified spontaneous emission (SASE)-FEL operation,
all units are operated. A pulsed solid-state amplifier is
used to drive the klystrons. The pulsed amplifier is
preceded by a drive line that feeds all sectors, phase
shifters,’ a PIN diode switch used for VSWR protection,
and a preamplifier. The rf for the entire Iinac is derived
from an ovenized, synthesized source and 10-Watt GaAs
FET amplifier, which feeds both the drive line and a
reference line. The VXI-based measuring system for each
sector is housed in a separate cabinet, and each system
uses the reference line to derive phase measurements. The
overall APS linac rf system is schematically shown in Fig.

Abstract

The S-band linear accelerator, which was built to be the
source of particles and the front end of the Advanced
Photon Source [1] injector, is now also being used to
support a low-energy undulator test line (LEUTL) and to
drive a free-electron laser (FEL). The more severe rf
stability requirements of the FEL have resulted in an
effort to identify sources of phase and amplitude
instability and implement corresponding upgrades to the rf
generation chain and the measurement system. Test data
and improvements implemented and planned are
described.

1 INTRODUCTION

The rf power for the APS linear accelerator [2] is
provided by five klystrons (L1 through L5), each of which
fee& one linac sector; L 1 feeds rf power to a thermionic
rf gun via the exhaust of one accelerating structure (AS).
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Figure 1: APS linac rf schematic diagram,
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Fo~ this project, readily available low loss YIG
material slabs were acquired. The YIG material had the
saturation magnetization 47c~ = 250 Gauss and low
spin-wave resonance line width. The material had a high
dielectric permittivity with low loss (G = 14 and tan 6=
0.00015). The slabs measured 2“ x 6“ x 0.5”.
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loading

Waveguide
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Figure 2. Cross section of a waveguide phase shifler.

The two-slab configuration allows use of two short
magnets for biasing as shown in Figure 2. The fast
shifting response of the phase shifler needs low
inductance in the bias winding of the magnet. For
reducing the inductance, the distance between the YIG
slabs must be minimized while maintaining an adequate
spacing for minimizing the bias field leakage. Dielectric
loading can be used for this purpose [2]. For this
prototyping, a 0.5’’-thick (er = 9.8) alumina ceramic
plate was used. Since a proper impedance matching
around the YIG material and the dielectric slabs was
required, a small step transformer made of ah.unina was
used on each end of the ferrite slabs. A uniform 2“
reduced height waveguide structure was used to construct
the phase shifter.

*
@dcm)
—

.
$2X..) ,
-.

I

-2 —

‘--’’-’~

t
-, .—.— I

-5 I 1
r) 05 1 1s 2

0 .“ 2
, ,

Figure 3. Complex permeability of a YIG material,
47cM,= 250 Gauss, AH~= 4 Oe, co.= co~o.

Using a YIG material with saturation magnetization
47tMs = 250 Gauss requires a bias magnetic field HO= -
18 kA/m for a range of ferrite permeability ~ = 0.9- 0.7
for operation below resonance. The effective magnetic
path length of the magnetic circuit is -0.15 m, and the
required current is up to - 3 kA in the YIG. The external

biasing field current may be lower with a higher
permeability external magnet yoke since the magnetic
flux normal to the interface is continuous.

Figure 3 shows the permeabilities of the orthogonal
biased YIG material. p+ must be used since y+ varies
with respect to the magnetic bias field ~; the
permeability W“<1, while p- s 1. At resonance, ~ = 1
and the magnetic field J&= 23 kA/m.

2.2 Biasing Magnets

For the initial testing, Fair-rite 78 material was used to
form ‘C’ shaped magnets. An available high-power pulse
generator, which has a pulsed output of 1.5kV -3A up to
a few milliseconds, was used.

A magnetic field bias winding with an inductance L, =
1 @l and a resistance ~ = 0.1 Q will have half power
fi-equency,f_3~ = 16 kHz. For rf shielding and magnet
flux penetration, a thin metallic layer is needed at the
boundaries of the external ‘C’ cores and YIG slabs. In
the testing, aluminum foils were used. Whh the
aluminum waveguide wall, one skin depth is 0.026” at f
= 16 kHz. The eddy-current loss at the rf shielding will
affect most for the slew rate of the phase shifter. Since
the skin depth at 805 MHz is only -3 pm in aluminum,
thinner is better.

Table 2. Scalar Permeabilities of Materials Used in the
Phase Shi&r

Material I-4 Path length (m)
Magnet ferrite -2000 0.12
YIG -40 0.11

Aluminum -1 0.0005

Scalar permeabilities of the materials for the phase
shifter are shown in Table 2. Inductance of the magnet
winding can be determined approximately. With the ‘C’
magnets, the YIG slabs within the 2“ reduced height
waveguide, and the foils, the effective relative
permeability is estimated at ~,e - 71. Inductanceof a
single-turn magnet winding is estimated to be L, -0.95
@. This inductance is confirmed from the measurement.

3 MEASUREMENT

Figures 4 and 5 show the construction of the phase
shifter. Two coaxial-to-waveguide transitions are
integrated to the waveguide with adjustable shorts. In the
measurement, an rf signal is divided into two identical
signals. A phase detector that is basically a double-
balanced mixer is used to compare phases of the two
signals: one direct as the reference and the second
through the phase shifter under test. The phase detector
converts the phase shift to a voltage output. The output
voltage was measured with known phase shifts for
reference prior to the pulsed measurement. The phase
shifl and insertion loss are shown in Figure 6.
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Figure 4. 2“ height waveguide loaded with YIG and
alumina slabs, and two coax-to-waveguide transitions.

Figure 5. Waveguide is shown with ferrite magnets
with two coax-to-waveguide transitions and clamps.

Measured phase shitler response is shown in Figure 7.
The input pulse voltage, input current, and phase
detector output are shown. The output of the pulse power
supply has very fast rise and fall time. A pulse
transformer is used to obtain a higher current ilom the
high voltage pulse generator. -
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Figure 6. Measured phase shift and insertion loss vs. bias
current.
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Figure 7. Measured phase shifter response.
1=phase detector output, 2=pulse transformer input
voltage (xl 000 probe), 3=pulse transformer output
voltage, 4=phase shifter bias current (1 V for 100 A).

4 CONCLUSION

The phase shifler fimctioned as expected. It was
housed in a 2“ reduced height waveguide with a 9.75”
width. A C’ section provided 40 degrees of phase shitl at
805 MHz. An 80-degree phase shifl must be obtained by
using a 12” section. Higher energy biasing delivers faster
phase shiiling. The prototype showed that fast phase
shifting is possible, with a - 30V and 300-A power
source, for less than 50 ps response time. A new power
supply design with a large bandwidth and a proper
feedback control is needed for fast response. The rf
shielding placed between the biasing magnets and the
YIG slabs creates eddy-current loss that resulted in a
slower response. Phase shifi vs. the magnet bias current
is not linear. Optimization of the external magnet design
and bias magnet power supply is needed. For high power
testing, cooling will be needed to protect the YIG ferrite.
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