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Abstract

In order to achieve quasi-simultancous operation of multi-XFEL beamlines, a pulse-by-pulse electron beam
switching system has been developed at SACLA. In this system, a kicker magnet deflects the electron bunch, whose
maximum repetition is 60 Hz, into three directions. The power supply for the kicker magnet generates trapezoidal
current waveforms, whose polarity and amplitude can be flexibly changed. The stability of the pulsed current is found
to be less than 11ppm. The magnetic field at a flat top (4ms) of the trapezoidal waveform is measured by using newly
developed NMR system. The magnetic field stability better than 15ppm is confirmed with this NMR. In this paper, the
design and development of the high-precision pulse power supply and the newly developed NMR system are described.
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Figure 2: One and two-direction operation pattern of the
kicker magnet power supply.
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Figure 3: Three-direction operation pattern of the kicker
magnet power supply.
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Table 1: Specification of the Kicker Magnet

Yoke and Pole Silicon steel sheet, 0.35 mm
Magnetic Field 0.67 Tesla

Pulse Pattern Trapezoidal waveform

Pole Length 400 mm

Gap height 20 mm

Pole Width 40 mm

5310 A = Turn/Pole
18 Turn/Pole x 2 poles

Electromagnetic power

Coil Turns

Coil Cooling Water, Hollow conductor

Max.Current 320 A
Max.Voltage 160 V
Inductance 2.6 mH
Resistance 4.4 mQ
Cable 250sqmm, 20mL, 2mQ
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Figure 4: Magnet current waveform. The total time of
T1~T5 is 16.6ms.
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Figure 5: Four-pulse operation pattern, trigger and restart
signals are delivered from SACLA timing system.
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Figure 6: Block diagram of the kicker magnet power
supply.
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Figure 7: Control and interlock system for the kicker
magnet power supply.
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Figure 8: DCCT currents (green), magniﬁed with Lecroy
differential circuit (purple line) and battery-based offset
amplifier (brown line, amp. factor=10), are shown.
Current values of the kicker magnet current pattern are
272A, 272A, 272A, and -272A, respectively.
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Figure 9 Magmﬁed DCCT Voltage with Lecroy
differential circuit (purple line) and battery-based offset
amplifier (brown line, amp. factor=10) when the kicker
power supply turned off.

Klystron ZEHBIRO X BRLS O E—L X A I
BT/ AXNHT A 5MTdHDEPE L.
X o W —EBROBIRLEE %2, “RDEDFITRT
JARXEZLSIEENT L, Xy W —HAERE
WYy FATERERIZK LT Lppm (p-p) & 725,
wimDaﬁ@@ﬁ%m% Lo T, AIEERN
NARAFET D 30~100ppm DZERN AL S TZ720
NMR%%mtw%ﬂm%ﬁw%tho
42 WESREC X B EERIE
42.1 Pickup coil (2 X HHE
ATIE 4.1 OWETIX. FET OFEERE /A X &%
T 5728 100kHz O filter Z 2 F T2, FEERZEJE
PR DR L TRV | WA DORGY;% Pickup
Coil THIET 2 Z LIC L Vi L7z, Figure 10 1%,
i Gap H1Z 21mm £%, 20 ¥ — 2 @ pick up = A /L
EANHNDEBEBEZMELE SO TH D (FE),

27 Mar 14 15:49:486

Tek  Stopped 41 Aegs
Ty

#%; Pickup Coil

300A #.:pcet

| T ik
A=\ MY
16.6ms | |

! _ -300A

P I IR |
chi SO0y By Chz 20Y B
Cha 20V Bw Chd

‘‘‘‘‘‘‘‘
M 4 Omns 1.25MSk B00nsfot  20.7ms
S00mY Q@ Bw # Ch1 - 190mY

Figure 10: DCCT current (blue line) and pickup coil
voltage (green line) in the magnet gap.
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Figure 11: DCCT current (blue lme) and pickup coil
(green line) voltage in the magnet gap and its integrated
voltage (brown line). The FET switching noise can be
seen for 10ps. The measured pickup coil voltage
integrated for a certain period (0.6ms) corresponds to a
magnetic field ripple of less than 0.05gauss (7ppm).
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Figure 12: Measured NMR s1gna1 at the flat top of the
pulsed magnetic field, with an auto-search mode.
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Figure 13: Magnetic field drift of the 1 pulse (272A)
measured by using the NMR (red line). Different drift
patterns are found in different pulse operating patterns.
Magnet yoke (green line) and coil (blue line) temperature
drifts are also indicated.
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Figure 14: DCCT current (green line), and Hall
Gaussmeter monitor voltage (brown line). Remanent
magnetic fields (-11G and 12G) are decreased within
0.5G by applying -0.65A and 0.55A correction pulsed
currents.
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