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Abstract

In the X-ray free electron laser (XFEL) facility SACLA, pulse-driven power supplies operating at a cycle of up to 60
Hz, such as a klystron modulator or a kicker magnet power supply, are used. Since the XFEL performance is quite
sensitive to the fluctuation of the RF and magnetic field, these power supplies should have high stability of several tens
ppm. To measure the stability of the pulse waveform with high precision of less than 10 ppm (p-p), we developed a low
noise offset amplifier circuit. This circuit achieves an offset function of = 10 V required for pulse power supply
measurement, a noise level of 50 pVp-p (0.1 to 10 kHz) or less, stability of 5 ppm / 12 Hour, and 5 ppm / K or less.
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Table 1: Specifications of Offset Amplifier

Input Circuit Differential input, DC-

coupling.
Input voltage +10V

Cutoff frequency of lowpass 1 kHz,10 kHz, 100 kHz

filter (selectable)
Offset range -10Vto+10V
Offset voltage stability Sppmof 10V

Equivalent Input noise

Gain

50 uwVp-p (0.1-10 kHz)
x10
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Figure 1: Block diagram of offset amplifier.
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Figure 2: Inside of the developed offset amplifier. The left
side is the power supply section, the right center is the low
noise amplification circuit, the lower right is the reference
voltage circuit.
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Figure 3: Measurement of transformer leakage flux.
Lakeshore 460 with 3-axis Hall Probe.
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Figure 4: Output noise spectrum using El-core (red) and R-
core (blue) for a power supply circuit.
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Figure 5: Comparison of stability for 12 hours before and
after reference voltage source improvement.

Table 2: List of Typical High Precision Voltage Reference
ICs

Low Frequency

Reference IC Tempera'ture Noise
Coefficient
(0.1 Hz to 10 Hz)
ADRO1 3 ppm/C 20 puV p-p
REF102 2.5 ppm/C 25 uV p-p
o 0.25 ppm p-p
LTC6655B-5 2 ppm/C
PP (125 uV p-p)
LM399 0.5 ppm/C 10 uwV p-p

(Heater stabilized)
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Figure 6: Input equivalent noise spectrum of three offset
amplifiers, The inputs were terminated by 50 Q.

Table 3: Input Equivalent Noise Level

Model Gain{ Noise Level
Band Width 0.01 — 10 kHz

13974 by s 46.7uVp-p

DAI855A DC??O%BKHZ 63.9Vp-p

TKB-10x 20 Ddg(fgvlgr{tzd) 33.3uVp-p
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Figure 7: Waveforms of inverter PFN charger at SACLA.
The charging voltage is 44 kV. Zoom and offset voltage
waveform by T3974 amplifier is shown in the left-under
graph. Histogram of the charging voltage at the end of
charging is shown in the right-under graph.
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