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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 (¢ <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
(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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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
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.
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Table 2: Amplifier Comparison

Device P1dB Gain OIP3 NF Note

SBB5089Z (RFMD) [’ 20dB 20.8dB 375dB 43dB  Measured at 200 MHz InGaP HBT.
ADL5536 (AD) ¢ 19.6 dB 19.8dB  45.0dB 2.6dB  Measured at 190 MHz GaAs HBT.
MGA-30689 (Avago)"l  22.4 dB 143dB 43.0dB 3.0dB Measured at 900 MHz GaAs pHEMT.
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(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 8: 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 9: 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.

% Z . KEK Linac 2T 3T BEFEHNSDOE—
2(0.8 nC)Z W T, 3-BPM iREROIA1T - 7=, L
72 BPM (X, T O@EFET 5 3 fE(SP52-4, SP54-4,
SP56-4)% A 7=,

BT T 4 AET D &, AEED 3 FEFTD BPM
L& X1, X2, X3 I

X3 = Ax; + Bx, + C

LG xbibH, ZTZT, N FHOFITIZELY N Mo
(X1, X2, x3) & Y EEUFHGHTIZ LD (A, B, O)&RDDHFH
DHIZED, $to THEBPER & DFRZED TV,

N
2 1 2
02 =2 ) (an = (Axsy + Bxyy))

n=1

EHz5N5, (Figure 9 DA XK
TR BALESEREIL 3 B BPM OB S FREEN
—E ERET UL, MESMHEEIL,

0-2
= |1+ 42 + B

L2550,

ZOFEHEEHV., 35D BPM O FHEOATFTT Y v
T Fy NOBGEE LSRN TCE—MMIEE v 5
MICHR Y (Figure 9 DEMZR) 2235, 12.5 Hz IZT
3500 4 X hDOT— X HEFE LT,

A, ERUC KO ANLESAEEET 3.25 um 24572,

4, FLHESEDEE

NLESYRRE N ONLEHEFE S 10 um LLFTH Y | #%
RE(ZE KU 7 ERIER S RAESRICE DV HET S
BPM St A L AT AR L, BEZERT D
TEOIZIERmORIEME L ZEMERMETH Y | ki
TRTINE®RRLEZ,

AAERE TR 100 BEORFEEZITV, SREEORH
Shutdown IZ TEATFETH D,

Bl

SLAC @ Steve Smith K, Andrew Young . KEK
O BFRRITITFEMZR T R X LB E A TAV,
Flo, TVT v AWRFTOILHE FET K E =erto
TR SRR, Fil RERIIT NG - WEr
fToTHEW, I IS EHT 2,

S5 3K

[1] M. Masuzawa, in Proceedings of the First International
Particle Accelerator Conference (IPAC’10), Kyoto, 2010,
pp- 4764-4768.

[2] S. R. Smith et al, “LCLS Stripline BPM System
Commissioning”, in Proceedings of the 23rd Particle
Accelerator Conference (PAC’09), Vancouver, Canada,
2009, pp4027-4029.

[3] R. Ichimiya et al., “SuperKEKB (Z[f)i} 7= 1 « B5&E 1
Linac fl B — A E =4 —OFAH LY AT LB,
%10 B AARNEGFRERT =T (VT A, 4
HERKEEHIF v 782, 2013, ppl91-193.

[4] Analog Devices, 16-bit, 200 MSPS/250 MSPS Analog-to-
Digital Converter ADY467 Data Sheet
http://www.analog.com/static/imported-
files/data_sheets/AD9467.pdf

[5] RFMD, 50 MHz to 6000 MHz, Cascadable Active Bias
InGaP HBT MMIC Amplifier SBB5089Z Data Sheet:
http://www.rfmd.com/CS/Documents/SBB5089ZDS .pdf

[6] Analog Devices, 20 MHz to 1.0 GHz, IF Gain Block
ADLS5536 Data Sheet:
http://www.analog.com/static/imported-
files/data_sheets/ADL5536.pdf

[71 Avago Technologies, 40 MHz to 3000 MHz, Flat Gain
High Linearity Gain Block MGA-30689 Data Sheet:
http://www.avagotech.co.jp/docs/AV02-1876EN

[8] T. Suwada et al., “Stripline-type beam-position monitor
system for single-bunch electron/positron beams”, Nuclear
Instruments and Methods in Physics Research A 440,
pp-307-319 (2000).

[9] AWaEHH i, “v— AFH 17, OHO 2002 (2002).

431 -



