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Abstract

At XFEL facility, high stabilities are required for the phase and amplitude of the RF accelerating fields. So, a low level
RF pulse modulator, a high power amplifiers to feed accelerating cavities, and so on must have low noise performance.
To evaluate these modules, specially designed expensive detectors are usually used. If the evaluation is limited to pulse-
to-pulse jitter, a simple cost effective system may exist. For this purpose, we built a system using off-the-shelf RF
components and an oscilloscope. The phase and amplitude jitter of a 110 kW 476 MHz pulsed RF amplifier output was
measured with this system. The results were 4.0E-4 and 146 fs in rms, respectively. For stable XFEL operation in SACLA,
the required peak-to-peak jitters are 2.0E-3 and 600 fs for 476 MHz accelerating field, for example. So, the performance
of this simple system were sufficiently good enough to verify the device under test.
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Figure 1: Block diagram of IQ detection system using
Intermediate Frequency signal.
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Figure 2: Block diagram of Baseband 1Q detection system.
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Figure 3: a) Block diagram and b) photo of the simplified
baseband 1Q detection system.
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Figure 4: Captured image of a screen of an oscilloscope.
Measured mean and standard deviation values were
displayed. Vertical scale was 1 mV/div.
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Figure 5: Single Side Band (SSB) phase noise of two signal
generators.

Table 1: Phase and Amplitude Jitter for Different Signal
Generator

Signal source SMA100B SMC100A
SSB noise (measured 27 fs rms 3.8 ps rms
with E5501A)
Amplitude jitter 0.80E-4 0.85E-4
Phase jitter 25 fs rms 32 fs rms
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Table 2: Phase and Amplitude Jitter for Different
Oscilloscope

oscilloscope RTO6 MSO44B  MS024
Sampling rate , 20 Gs/s, 6.25 Gs/s,  1.25 Gs/s,
vertical resolution ~ 9.4-ENOB  12bit 8bit
Maximum analog 6 GHz 1 GHz 500 MHz
band width
Amplitude jitter 0.80E-4 1.93E-4 2.32E-4
Phase jitter 25 fs rms 64 fs rms 75 fs rms
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Figure 6: Amplitude response of the phase and amplitude
jitter.
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Figure 7: Frequency response of the phase and amplitude
jitter.
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Figure 8: 476 MHz power amplifier output signal. Channel
1 and 2 were sensitive to the phase and amplitude,
respectively.

Table 3: Phase and Amplitude Jitter for 476MHz 110kW
Solid State Power Amplifier at 100 kW Output

Oscilloscope RTO6 MX044B MXO024
Amplitude jitter 4.0E-4/ 4.2E-4/ 4.6E-4 /
(raw/ offset 2.70E-04  2.70E-04  2.70E-04
subtracted)

Phase jitter (raw/ 149/ 111 166/125  217/177

self noise
subtracted) [fs rms]
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