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Abstract

At the XFEL facility SACLA a beam switching system composed of a pulsed kicker magnet and a DC septum
magnet had been installed to perform pulse-by-pulse XFEL switching operations between two XFEL beamlines (BL2
and BL3). However, CSR effects at a 3 degree dogleg beam transport to BL2 severely limited the peak current of the
electron beam. In order to cancel out the CSR effects, new beam optics, which is symmetric in terms of the deflecting
field distribution, is introduced to the dogleg. Here, a deflecting angle of a new kicker magnet working as the first
bending magnet in the dogleg is increased from 0.5 to 1.5 degrees. To drive the new kicker magnet, a high-power
pattern power supply, whose maximum output power is 0.3 MW (299 A and 1 kV), has been developed using SiC
MOSFETs as switching elements. This power supply can generate bipolar trapezoidal current waveforms at 60 Hz with
a current stability of 20 ppm (peak-to-peak), and the amplitude and polarity of each waveform are controllable from
pulse to pulse depending on beam energies and destinations. By using the new beam switching system, we have
succeeded in the multi-beamline XFEL operation with high peak current electron beams, which almost doubles the time

slots for user experiments.
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Figure 1: Schematic layout of SACL.
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Figure 2: Schematic layouts of previous (upper) and new
(lower) beam switchyard system. The angles in red boxes
indicate the bending angle in each bending magnet.
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Table 1: Specifications of the Kicker Magnet and its
Power Supply [5,6,8]
Kicker magnet

New Previous
Magnetic field 0.89T 0.67T
Pole length, width 950 mm, 75 mm 400 mm, 40 mm
Inductance 16 mH 2.6 mH
Resistance 25 mQ 4.4 mQ

Kicker power supply

Input 30- 420V ac
Output current +/-299 Amax.  +/- 320 A max.
Pattern profile Trapezoidal
Current stability <6 mA
(pulse by pulse) (20 ppm for rated current)
Output voltage +/- 1000 Vmax. +/- 160 V max.
Repetition rate 60 Hz max.
Chassis size 3m, Im,2.7m  2.2m, Im,2.2m
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Figure 3: Block circuit diagram of the kicker power
supply.

- 148 -



Proceedings of the 15th Annual Meeting of Particle Accelerator Society of Japan
August 7-10, 2018, Nagaoka, Japan

DO AHAI TN —MNEIRE ZIULC T, vay  Ma
BB DR & EmMEEL DY T 7L ARF— % 16bit
DAC % U CTARL TS,

32 SiC /RU—FIRA A

Ly —EBIR T, KB HHDEERERE
TR EITIN A, EIRDOEMRY A X% SACLA 774 Ak
XY TV R E ATREAR A R ITID H T ENRER S
7o 2O XIMUIZIL, BIROKE &2 HDDHT VT
Vo a=y "D BEERFOT LERDHY, @A YT
T INAIRE CRE IR Z DRI —FT INAARR A KT
BTz,

HIHIEIR TlE, 237 —7 73 ZIZ Si MOSFET(Silicon
Metal Oxide Semiconductor Field Effect Transistor)[9]%
v, 707y a=y b 16 WAITHERL Qe Z
DT NARZZDOEEFHLNVEIRIZHANWDE, BRI AKX
NHFZEZRES EES>TLEY, £12F7 AR
IGBT(Insulated Gate Bipolar Transistor)%fii i L7=35 5.
AT THRENEW-OERZEENEN T
AN oT, DEVRERDNRT —F NRAZATIIZDOKE
FTEIROBIRITEHLL, ZO7=O B DIRV /3T AT
L TIERESEIRORREW S LT RRRED B D,

728 2013 FEPLREF &, MEHAANY T 7D A 68
72 SiC (Silicon Carbide) MOSFET €3 =—/L[10]3 &
FESNDINTRY | 5 B O B ITIT I a2
L7z, Z0 SiC MOSFET ®OF /31 Al%. Si MOSFET
DK 2 [BEDOMHEELTFREMREDLD, F2/ 07— 0
BEWERES ] L LT\ D, 20720 | MRk = M &I
10 2=y FETHWHTZENTE, BIROIL 7 MER
"REE TR ST,

3.3 /NEDLH A

B —2.L% BL2 X° SPring-8 UL 7~ %
XSBT ~RY /31T A0, ERA T KBRS IANZE D
BIRRABESE  FRD, OB, B8 —2% BL3
~NEATEEOHE L E S 25120, 0.4 A FEED/NE
AW NS T, RS A v LT A BN
H5, ZO/NEH JIRFICHEIRIZIL. 5 mA(pk-pk) 2L
TOREBERH R RIZEOETREZ EENERIND,

/NEEJAE PWM HlHI 2354 Gate {550/ VL AE

SiC MOSFET Units

2Seri. X 1Para.
Kicker
Magnet

Current Moni.

Figure 4: Current flow in a small current operation, 0.3A
for the magnet.
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Figure 5: Upper figure is waveforms of voltage(green)
and current(pink) of +240 A operation. The histogram of
the inner the graph is the current variation at the beam
timing. Lower figure is current waveforms of +0.4 A
operation, and histogram of current variation.
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Figure 6: Trend graph of magnetic fields in a gap of the
kicker magnet measured by the gated NMR.
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Figure 7: Comparison of the horizontal orbit fluctuation
measured before the BL2 undulator: (left) previous beam
transport, (right) new beam transport. In these plots, the
emittance values are indicated.
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Figure 8: Trend graphs of XFEL pulse intensities
measured at BL2 (upper), and BL3 (lower). A photon
energy is 10 keV at both beamlines.
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