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—5 2PN, WEAE WY, PR B Y, =R B Y, W A Y
Ryo Ichimiya *#, Tsuyoshi Suwada®, Masanori Satoh™ , Fusashi Miyahara®), Kazuro Furukawa®
A)
KEK

Abstract

The SuperKEKB accelerator is now being upgraded to bring the world highest luminosity (L=8x10°*/cm?/s). In order
to archive this, electron/positron emittance has to be 20 mm mrad for each beams. To realize them, accelerating
structures have to align within 0.1 mm. To perform Beam Based Alignment effectively, Beam Position Monitors
(BPMs) are essential instruments and required to have one magnitude better position resolution than required alignment
accuracy. To attain <10 um position resolution, we employed band pass filter (BPF), dedicated readout system with
250 MSa/s 16 bit pipeline ADCs.
This BPM readout system has to have not only high position precision (o <10 pum), but also precise position accuracy,
which have to be within position precision range. There are many error source of position accuracy; BPM input channel
gain drift during operation is one of the major error sources. To compensate this, a calibration tone generator is
implemented. System linearity is also essential parameter; non-linearity is dominant error source for both precision and
accuracy. Therefore, we designed the system has non-linearity within £0.02 dB and set an appropriate operation point.
Based on these design, we have fabricated a prototype BPM readout (named 18K12A) and performed several tests
including 3-BPM measurement.
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Figure 2: Photograph of prototype of BPM readout board
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(called 18K12A) is shown. This is double width module.
BPF-Amp board is attached on bottom of the main
(ADC) board. The output from BPF-Amp is fed to main
board via four coaxial cables.
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Table 1: Design Difference
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Figure 3: Block diagram of Band Pass Filter circuit
(shown 1 channel). It equips calibration tone input
selector. First Butterworth filter (60 MHz) cut tails that
exceed ADC’s Nyquist window (125 MHz — 250 MHz)
and second Bessel filter (22 MHz) forms total bandwidth
and burst length (60 ns). Each stage has an electrical
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attenuator and an amplifier to set an adequate level.
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Figure 4: Amplifier linearity curve in the BPF circuitry
is shown. AD shows wide linearity but has rapid dropout
at high level. Avago shows moderate characteristics.




Table 2: Amplifier comparison

Device P1dB Gain OIP3 NF Note
SBB5089Z (RFMD)™! 20 dB 208dB  37.5dB  43dB  Measured at 200 MHz InGaP HBT.
ADL5536 (AD) 19.6 dB 198dB 450dB  2.6dB  Measured at 190 MHz GaAs HBT.
MGA-30689 (Avago)[!  22.4 dB 143dB  43.0dB  3.0dB  Measured at 900 MHz GaAs pHEMT.
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(a) Beam waveform from BPM (0.8 nC single bunch).

(b) BPF output waveform.

Figure 5: BPF input waveform (a) and output waveform (b) are shown.
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Figure 6: Linearity / Resolution test setup. SG output is
equality divided to four channels to emulate ideal beam
pass through center of BPM. Agilent J7211B step
attenuator has 0.03 dB insertion loss repeatability. We
calibrated it with a network analyzer.
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Figure 7: Upper plot shows BPM readout system
resolution at ideal condition. Lower plot shows system
linearity: we have 11 dB of #+0.02 dB linearity range.
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Figure 7: Temperature coefficient of channel power W
is shown. Vertical axis is channel power W and horizontal
axis is temperature. DUTs were stored in a thermostatic
chamber. Measurements were done from low temperature
to high temperature.
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Figure 8: Left plot shows estimated position vs. event number. Center plot shows estimated position vs. actual
position. Right plot shows histogram of estimated position — actual position.
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