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•  Posi-on	  resolu-on	  <10	  μm.	  Same	  order	  accuracy.	  
•  High	  dynamic	  range	  (0.1	  nC	  –	  10	  nC),	  large	  precise	  	  

aperture	  (±	  5mm	  with	  σ	  <	  10	  μm).	  
•  Under-‐sampling	  with	  Narrow	  Band	  Pass	  Filters	  (BPFs)	  

•  16-‐bit	  250	  MSa/s	  ADC	  (AD9467-‐250).	  	  
•  Fc=180	  MHz,	  Bw=22	  MHz	  (Bessel).	  
•  Measures	  two	  bunches	  with	  96	  ns	  interval.	  

•  Equipped	  Calibra-on	  tone	  generator	  to	  compensate	  
posi-on	  dric	  due	  to	  channel	  gain	  dric.	  

•  >	  40	  dBm	  output.	  
•  Between	  beam	  injec-on	  (20	  ms	  interval),	  

calibra-on	  tone	  is	  output	  to	  the	  BPM	  electrodes.	  
•  Design	  non-‐linearity	  is	  within	  ±0.02	  dB.	  

Block	  diagram	  	

Resolu-on	  /Linearity	

Summary	  and	  future	  plan	
•  We	  have	  developed	  a	  BPM	  readout	  system	  with	  high	  posi-on	  

resolu-on	  (σ	  <	  10	  μm)	  and	  a	  gain	  calibra-on	  system.	  
•  3-‐BPM	  resolu-on	  test	  has	  been	  done	  with	  KEK	  Linac	  beam	  (0.8	  nC)	  

and	  proved	  that	  it	  meets	  all	  requirements.	  
•  We	  plan	  to	  fabricate	  total	  100	  units	  within	  this	  fiscal	  year	  (-ll	  March	  

2015)	  and	  install	  at	  2015	  summer	  shutdown.	  

#	  (e-‐mail:	  ryo@post.kek.jp)	
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䂓㪦㫍㪼㫉㫍㫀㪼㫎
㪫㪿㫀㫊㩷㫄㫆㪻㫌㫃㪼㩷㫊㪸㫄㫇㫃㪼㫊㩷㫋㫎㫆㩷㪹㪼㪸㫄㩷㫇㫌㫃㫊㪼㫊㩷㫎㫀㫋㪿㩷㪐㪇㫅㫊㩷㫀㫅㫋㪼㫉㫍㪸㫃㩷㫀㫅㩷㪼㫍㪼㫉㫐㩷㪉㪇㫄㫊㩷㩿㪌㪇㪟㫑㪀㩷㫀㫅㫋㪼㫉㫍㪸㫃㪃㩷㪸㫅㪻㩷㫋㪿㪼㫅㩷㫇㪼㫉㪽㫆㫉㫄㫊㩷㪘㪆㪛㩷㪺㫆㫅㫍㪼㫉㫊㫀㫆㫅㫊㩷㪸㫅㪻㩷㪺㪸㫃㪺㫌㫃㪸㫋㪼㫊
㪹㪼㪸㫄㩷㫇㫆㫊㫀㫋㫀㫆㫅㪆㪺㪿㪸㫉㪾㪼㪅㩷㪋㪺㪿㪸㫅㪼㫃㩷㩿㪯㪂㪃㩷㪯㪄㪃㩷㪰㪂㪃㩷㪰㪄㪀㩷㫆㪽㩷㫇㫌㫃㫊㪼㩷㫊㫀㪾㫅㪸㫃㫊㩷㪸㫉㪼㩷㪽㪼㪻㩷㫋㫆㩷㪙㪧㪝㩿㪊㪇㪇㪤㪟㫑㪀㪃㩷㪘㫋㫋㪼㫅㫌㪸㫋㫆㫉㫊㩷㪸㫅㪻㩷㪩㪝㪄㪘㫄㫇㫃㫀㪽㫀㪼㫉㫊㪅㩷㪫㪿㪼㫅㪃㩷㫋㪿㪼㫐㩷㪸㫉㪼㩷
㪘㪆㪛㩷㫊㪸㫄㫇㫃㪼㪻㩿㪉㪌㪇㪤㪟㫑㪃㩷㪈㪍㪹㫀㫋㪀㪅㩷㪈㪇㪉㪋㫎㫆㫉㪻㪆㪺㪿㪸㫅㪼㫃㩷㪸㫉㪼㩷㫊㫋㫆㫉㪼㪻㩷㫀㫅㩷㫋㪿㪼㩷㫄㪼㫄㫆㫉㫐㩷㪽㫆㫃㫃㫆㫎㪼㪻㩷㪹㫐㩷㫇㫆㫊㫀㫋㫀㫆㫅㪆㪺㪿㪸㫉㪾㪼㩷㪺㪸㫃㪺㫌㫃㪸㫋㫀㫆㫅㪅㩷㪫㪿㪼㫊㪼㩷㫉㪼㫊㫌㫃㫋㫊㩷㪸㫉㪼㩷㪸㪺㪺㪼㫊㫊㫀㪹㫃㪼
㩷㫍㫀㪸㩷㪭㪤㪜㩷㪹㫌㫊㪅㩷㪝㫌㫃㫃㫐㩷㪺㪸㫃㫀㪹㫉㪸㫋㫀㫆㫅㩷㪺㪸㫅㩷㪹㪼㩷㪻㫆㫅㪼㩷㫎㫀㫋㪿㩷㫀㫅㫋㪼㫉㫅㪸㫃㩷㪺㪸㫃㫀㪹㫉㪸㫋㫀㫆㫅㩷㫋㫆㫅㪼㩷㪾㪼㫅㪼㫉㪸㫋㫆㫉㪅㩷㪦㫅㪹㫆㪸㫉㪻㩷㪝㪧㪞㪘㩿㪪㫇㪸㫉㫋㪸㫅㪄㪍㪀㩷㫇㫉㫆㪾㫉㪸㫄㩷㪺㪸㫅㩷㪹㪼㩷㫌㫇㪾㫉㪸㪻㪸㪹㫃㪼㩷
㫍㫀㪸㩷㪸㩷㪡㪫㪘㪞㩷㪺㫆㫅㫅㪼㪺㫋㫆㫉㩷㫆㫉㩷㪭㪤㪜㩷㪹㫌㫊㪅㩷

㫃 㫃 㫀 㩿㪈㪀 㪹 㫀 㫀 㩿 㪀 㩿㪉㪀 㪹 㪿 㩿 㪚㪀

㫄㫆㪻㪼㫃㩷㪈㪏㪢㪈㪉㪃㩷㪉㪄㫇㫌㫃㫊㪼㩷㪙㪧㪤㩷㫊㫀㪾㫅㪸㫃㩷㫇㫉㫆㪺㪼㫊㫊㫆㫉㩷㪹㫆㪸㫉㪻㩷㩿㪭㪤㪜㩷㪻㫆㫌㪹㫃㪼㩷
㪩㪼㫍㪅㩷㪈㪅㪇㩷㪉㪇㪈㪊㪆㪈㪆㪎

㪛㫀㪾㫀㫋㪼㫏㩷㪣㪸㪹㫆㫉㪸㫋㫆㫉㫐

㪥㫆㫋㪼㪑㩷㪫㪿㫀㫊㩷㪻㫆㪺㫌㫄㪼㫅㫋㩷㫀㫊㩷㪽㫆㫉㩷㫃㫀㫄㫀㫋㪼㪻㪄㪽㫌㫅㪺㫋㫀㫆㫅㩷㫍㪼㫉㫊㫀㫆㫅㩷㪉㪃㩷㫎㪿㫀㪺㪿㩷㫀㫄㫇㫃㪼㫄㪼㫅㫋㫊㩷㪘㪆㪛㩷㫊㪸㫄㫇㫃㫀㫅㪾㩷㫆㫅㫃㫐㪃㩷㫅㫆㫋㩷㫀㫄㫇㫃㪼㫄㪼㫅㫋㪼㪻㩷㪻㪸㫋㪸㩷

㫇㫉㫆㪺㪼㫊㫊㫀㫅㪾㩷㩿㫇㫆㫊㫀㫋㫀㫆㫅㪆㪺㪿㪸㫉㪾㪼㩷㪺㪸㫃㪺㫌㫃㪸㫋㫀㫆㫅㪃㩷㪚㪘㪣㩷㪺㪸㫃㪺㫌㫃㪸㫋㫀㫆㫅㪀㪅㩷

㪜㫅㪾㫃㫀㫊㪿㩷㫋㫉㪸㫅㫊㫃㪸㫋㫀㫆㫆㫅

㪹㫐㩷㪩㪅㩷㪠㪺㪿㫀㫄㫀㫐㪸㩷㩿㪢㪜㪢㪀

&+)+6':�.#$��%Q���.VF� ����
㫄㫆㪻㪼㫃㩷㪈㪏㪢㪈㪉㪃㩷㪉㪄㫇㫌㫃㫊㪼㩷㪙㪧㪤㩷㫊㫀㪾㫅㪸㫃㩷㫇㫉㫆㪺㪼㫊㫊㫆㫉

㩷㪹㫆㪸㫉㪻

䊶㪺㪸㫃㪺㫌㫃㪸㫋㫀㫆㫅㩷㫆㫌㫋㫇㫌㫋㫊㪑㩷㩿㪈㪀㩷㪹㪼㪸㫄㩷㫇㫆㫊㫀㫋㫀㫆㫅㩷㩿㫌㫄㪀㪃㩷㩿㪉㪀㩷㪹㪼㪸㫄㩷㪺㪿㪸㫉㪾㪼㩷㩿㫅㪚㪀
䂓㪪㫇㪼㪺㫀㪽㫀㪺㪸㫋㫀㫆㫅㫊
䊶㪞㪼㫅㪼㫉㪸㫃㩷㪪㫇㪼㪺㫀㪽㫀㪺㪸㫋㫀㫆㫅㫊 㪭㪤㪜㩷㪻㫆㫌㪹㫃㪼㩷㪿㪼㫀㪾㪿㫋㩷㪆㩷㪻㫆㪹㫌㫃㪼㩷㫎㫀㪻㫋㪿㩷㪆㩷㫊㫃㪸㫍㪼㩷㫄㫆㪻㫌㫃㪼

㪘㪊㪉㪛㪊㪉㩷㪜㫏㫋㪼㫅㪻㪼㪻㩷㫊㫌㫇㪼㫉㫍㫀㫊㫆㫉㫐㩷㪆㪜㫏㫋㪼㫅㪻㪼㪻㩷㫅㫆㫅㪄㫇㫉㫀㫍㫀㫃㪼㪾㪼㪻㩷㪻㪸㫋㪸㩷㪸㪺㪺㪼㫊㫊㪻
㪠㫅㫋㪼㫉㫉㫌㫇㫌㫋㩷㩿㪠㪩㪨㪀㩷㪸㪽㫋㪼㫉㩷㪺㪸㫃㪺㫌㫃㪸㫋㫀㫆㫅㫊㪅㩷㩿㫅㫆㫋㩷㫐㪼㫋㩷㫀㫄㫇㫃㪼㫄㪼㫅㫋㩷㫀㫅㩷㫋㪿㫀㫊㩷㫍㪼㫉㫊㫀㫆㫅㪀

䊶㪠㫅㫇㫌㫋㩷㫊㫀㪾㫅㪸㫃
㪈㪅㩷㪙㪧㪤㩷㫊㫀㪾㫅㪸㫃 㪙㪼㪸㫄㩷㫇㫀㪺㫂㪄㫌㫇㩷㫊㫀㪾㫅㪸㫃㩷㪋㪺㪿㪸㫅㪼㫃㫊㩷㩿㪯㪂㪃㩷㪯㪄㪃㩷㪰㪂㪃㩷㪰㪄㪀

㪠㫅㫇㫌㫋㩷㫃㪼㫍㪼㫃 㪘㫄㫇㫃㫀㫋㫌㪻㪼㪑㩷㪣㪼㫊㫊㩷㫋㪿㪸㫅㩷㫧㪌㪇㪭㪃㩷㫎㫀㪻㫋㪿㪑㩷㪸㩷㪽㪼㫎㩷㫅㫊㩷㫇㫌㫃㫊㪼㩷㫊㫀㪾㫅㪸㫃㩷㩿㪸㫊㫊㫌㫄㪼㪻㪀㪅
㪠㫅㫇㫌㫋㩷㫀㫄㫇㪼㪻㪸㫅㪺㪼 㪌㪇㩷㫆㪿㫄
㪠㫅㫇㫌㫋㩷㪺㫆㫅㫅㪼㪺㫋㫆㫉 㪪㪤㪘㩷㪺㫆㫅㫅㪼㪺㫋㫆㫉㫊

㪉㪅㩷㪫㫉㫀㪾㪾㪼㫉 㪘㪆㪛㩷㪺㫆㫅㫍㪼㫉㫊㫀㫆㫅㩷㫊㫋㪸㫉㫋㩷㫊㫀㪾㫅㪸㫃㩷㩷㪠㫅㫇㫌㫋㪈㪃㩷㪦㫌㫋㫇㫌㫋㪈
㪩㪼㫇㪼㫋㫀㫋㫀㫆㫅 㪌㪇㪟㫑㩷㩿㪉㪇㫄㫊㪀
㪧㫌㫃㫊㪼㩷㫎㫀㪻㫋㪿 㫄㫆㫉㪼㩷㫋㪿㪸㫅㩷㪉㪇㫅㫊
㪠㫅㫇㫌㫋㩷㫃㪼㫍㪼㫃 㪥㪠㪤㩷㫃㪼㫍㪼㫃㩷㩿㪽㪸㫃㫃㫀㫅㪾㩷㪼㪻㪾㪼㪀
㪠㫅㫇㫌㫋㪆㪦㫌㫋㫇㫌㫋㩷㫀㫄㫇㪼㪻㪸㫅㪺㪼 㪌㪇㩷㫆㪿㫄
㪠㫅㫇㫌㫋㪆㪦㫌㫋㫇㫌㫋㩷㪺㫆㫅㫅㪼㪺㫋㫆㫉㫊 㪣㪼㫄㫆㩷㪺㫆㫅㫅㪼㪺㫋㫆㫉㫊

䋳䋮㪘㪆㪛㩷㪚㫃㫆㪺㫂 㪪㫎㫀㫋㪺㪿㪸㪹㫃㪼㩷㪹㪼㫋㫎㪼㪼㫅㩷㪠㫅㫋㪼㫉㫅㪸㫃㩷㪯㩾㫋㪸㫃㩷㩿㪉㪌㪇㪤㪟㫑㪀㩷㪸㫅㪻㩷㪜㫏㫋㪼㫉㫅㪸㫃㩷㫀㫅㫇㫌㫋㫊㪅
㪠㫅㫇㫌㫋㩷㫃㪼㫍㪼㫃 㪩㪝㩷㫊㫀㪾㫅㪸㫃㩷㩿㪄㪈㪇㪻㪙㫄㩷㫋㫆㩷㪂㪌㪻㪙㫄㪀
㪠㫅㫇㫌㫋㩷㪝㫉㪼㫈㫌㪼㫅㪺㫐 㪉㪇㪇㪤㪟㫑㩷㫋㫆㩷㪉㪌㪇㪤㪟㫑
㪠㫅㫇㫌㫋㩷㪠㫄㫇㪼㪻㪸㫅㪺㪼 㪌㪇㩷㫆㪿㫄
㪠㫅㫇㫌㫋㩷㪺㫆㫅㫅㪼㪺㫋㫆㫉 㪪㪤㪘㩷㪺㫆㫅㫅㪼㪺㫋㫆㫉

䊶㪩㪝㩷㫀㫅㫇㫌㫋㩷㪪㪼㪺㫋㫀㫆㫅 㪋㪺㪿㩷㪙㪧㪤㩷㪩㪝㩷㪬㫅㫀㫋㩷㩿㪪㪸㫅㪄㪢㫆㪄㪪㪿㪸㪀㩷㪒㩷㪽㫆㫉㩷㪻㪼㫋㪸㫀㫃㪃㩷㫉㪼㪽㪼㫉㩷㪸㫅㩷㪸㫅㫆㫋㪿㪼㫉㩷㪻㫆㪺㫌㫄㪼㫅㫋㪅㫇 㩿 㪀 㪒 㪃
㪙㪧㪝㪈㪃㩷㪉 㪟㪼㫃㫀㪺㪸㫃㩷㪽㫀㫃㫋㪼㫉㩷㪽㪺㪑㩷㪊㪇㪇㪤㪟㫑㪃㩷㪹㪸㫅㪻㩷㫎㫀㪻㫋㪿㪑㩷㪈㫊㫋㪅㩷㪊㪋㪤㪟㫑㩿㪉㫅㪻㪅㪀㪃㩷㪉㫅㪻㪅㩷㪉㪏㪤㪟㫑㩷㩿㪊㫉㪻㪅㪀
㪩㪝㪄㪘㫄㫇㫃㫀㪽㫀㪼㫉㩷㪈㪃㩷㪉㪃㩷㪊 㪉㪇㪻㪙㩷㫏㩷㪊
㪘㫋㫋㪼㫅㫌㪸㫋㫆㫉㩷㪈㪃㩷㪉 㪇㪅㪌㪻㪙㩷㫋㫆㩷㪊㪈㪅㪌㪻㪙㩷㩿㪇㪅㪌㪻㪙㩷㫊㫋㪼㫇㪀㩷㫏㩷㪉

䊶㪘㪆㪛㩷㪺㫆㫅㫍㪼㫉㩷㪪㪼㪺㫋㫀㫆㫅 㪋㪺㪿㪸㫅㫅㪼㫃
㪪㪸㫄㫇㫃㪼㩷㫋㫀㫄㫀㫅㪾 㪉㪌㪇㪤㪟㫑㩷㩿㪗㪠㫅㫋㪼㫉㫅㪸㫃㩷㪯㩾㫋㪸㫃㪀㪒㩷㪈㪇㫇㫊㩷㫊㫋㪼㫇㩷㪽㫀㫅㪼㩷㪻㪼㫃㪸㫐㩷㪽㫆㫉㩷㪘㪛㪚㩷㪺㫃㫂㩿㪤㪚㪈㪇㪜㪧㪈㪐㪌㪀
㪘㪛㪚 㪘㪛㪐㪋㪍㪎㪄㪉㪌㪇㩷㩿㪘㫅㪸㫃㫆㪾㩷㪛㪼㫍㫀㪺㪼㫊㪀㩷㪈㪍㪹㫀㫋㪃㩷㪉㪌㪇㪤㪪㪆㫊
㪘㪛㪚㩷㫀㫅㫇㫌㫋㩷㪛㫀㪽㪽㪼㫉㪼㫅㪺㫀㪸㫃㩷㪘㫄㫇㫃㫀㪽㫀㪼㫉 㪘㪛㪣㪌㪌㪍㪉㩷㩿㪘㫅㪸㫃㫆㪾㩷㪛㪼㫍㫀㪺㪼㫊㪀㩷㪊㪅㪊㪞㪟㫑㩷㩿㪘㫍㪑㩷㪍㪻㪙㪀
㪠㫅㫇㫌㫋㩷㫃㪼㫍㪼㫃 㪄㪈㪉㪌㪇㫄㪭㩷㫋㫆㩷㪂㪈㪉㪌㪇㫄㪭
㪥㫌㫄㪹㪼㫉㩷㫆㪽㩷㪪㪸㫄㫇㫃㪼㫊 㪈㪇㪉㪋㩷㫎㫆㫉㪻㫊㩷㫏㩷㪋㪺㪿㪸㫅㫅㪼㫃㩷㪒㩷㪼㫍㪼㫉㫐㩷㫀㫅㩷㪉㪇㫄㫊㩷㩿㪌㪇㪟㫑㪀
㪘㪺㪺㫌㫉㪸㪺㫐 㫧㪇㪅㪉㩼㩷㫆㪽㩷㪝㫌㫃㫃㩷㪪㪺㪸㫃㪼䇭

䊶㪚㪸㫃㪺㫌㫃㪸㫋㫀㫆㫅 㪪㪼㪺㫋㫀㫆㫅 㪝㪧㪞㪘 㩿㪪㫇㪸㫉㫋㪸㫅㪄㪍 㪯㫀㫃㫀㫅㫏㪀䊶㪚㪸㫃㪺㫌㫃㪸㫋㫀㫆㫅㩷㪪㪼㪺㫋㫀㫆㫅䇭 㪝㪧㪞㪘㩷㩿㪪㫇㪸㫉㫋㪸㫅㪄㪍㪃㩷㪯㫀㫃㫀㫅㫏㪀
㩿㪈㪀㩷㪩㫆㫆㫋㪄㪤㪼㪸㫅㪄㪪㫈㫌㪸㫉㪼㪃㩷㩿㪉㪀㩷㪧㫆㫃㫐㫅㫆㫄㫀㫅㪸㫃㩷㪺㪸㫃㪺㪅㩷㪒㩷㪺㪸㫃㪺㫌㫃㪸㫋㪼㪻㩷㫀㫅㩷㪊㪉㪹㫀㫋㩷㪝㪅㪧㪅

䊶㪭㪤㪜㩷㪦㫌㫋㫇㫌㫋㩷㪛㪸㫋㪸 㩿㪈㪀㩷㪩㫆㫆㫋㪄㪤㪼㪸㫅㪄㪪㫈㫌㪸㫉㪼㪃㩷㩿㪉㪀㩷㪧㫆㫃㫐㫅㫆㫄㫀㫅㪸㫃㩷㪺㪸㫃㪺㪅㪃㩷㩿㪊㪀㩷㪘㪆㪛㩷㪺㫆㫅㫍㪼㫉㫋㪼㪻㩷㪻㪸㫋㪸

䊶㪜㫅㪻㪄㫆㪽㪄㪚㪸㫃㪺㫌㫃㪸㫋㫀㫆㫅㩷㪠㫅㪻㫀㪺㪸㫋㫀㫆㫅 㪠㪩㪨㩷㫆㫉㩷㫋㪼㫉㫄㫀㫅㪸㫋㫀㫆㫅㩷㪽㫃㪸㪾㩷㫀㫅㩷㫊㫋㪸㫋㫌㫊㩷㫉㪼㪾㫀㫊㫋㪼㫉

䊶㪣㪜㪛 㪭㪤㪜 㪞㫉㪼㪼㫅㪑㩷㪭㪤㪜㩷㪙㫌㫊㩷㪘㪺㪺㪼㫊㫊
㪘㪆㪛 㪞㫉㪼㪼㫅㪑㩷㪫㪩㪠㪞㩷㪜㫅㪸㪹㫃㪼㪻㪃㩷㪰㪼㫃㫃㫆㫎㪑㩷㪘㪆㪛㩷㪺㫆㫅㫍㪼㫉㫋㫀㫅㪾
㪫㪩㪠㪞 㪞㫉㪼㪼㫅㪑㩷㪫㪩㪠㪞㩷㪻㪼㫋㪼㪺㫋㫀㫆㫅
㪚㪘㪣 㪞㫉㪼㪼㫅㪑㩷㪚㪘㪣㩷㪼㫅㪸㪹㫃㪼㪻㪃㩷㪰㪼㫃㫃㫆㫎㪑㩷㪚㪘㪣㩷㫎㫆㫉㫂㫀㫅㪾
㪝㪧㪞㪘 㪞㫉㪼㪼㫅㪑㩷㪝㪧㪞㪘㩷㪦㪢㪃㩷㪩㪼㪻㪑㩷㪝㪧㪞㪘㩷㪙㫆㫆㫋㩷㪼㫉㫉㫆㫉
㪘㪣㪘㪩㪤 㪩㪼㪻㪑㩷㪠㫅㫋㪼㫉㫅㪸㫃㩷㫄㪸㫃㪽㫌㫅㪺㫋㫀㫆㫅㪃㩷㫊㫌㪺㪿㩷㪸㫊㩷㫊㫌㫇㫇㫃㫐㩷㫍㫆㫃㫋㪸㪾㪼㩷㫆㫌㫋㩷㫆㪽㩷㫉㪸㫅㪾㪼㪅
㪘㪆㪛 㪦㪭㪜㪩 㪩㪼㪻㪑 㪘㪆㪛 㪩㪸㫅㪾㪼 㫆㫍㪼㫉 㪘㪛㪚 㪼㫉㫉㫆㫉 㫏㪋㪘㪆㪛㩷㪦㪭㪜㪩 㪩㪼㪻㪑㩷㪘㪆㪛㩷㪩㪸㫅㪾㪼㩷㫆㫍㪼㫉㪃㩷㪘㪛㪚㩷㪼㫉㫉㫆㫉㩷㫏㪋

䊶㪚㪸㫃㫀㪹㫉㪸㫋㫀㫆㫅㩷㫋㫆㫅㪼㩷㫆㫌㫋㫇㫌㫋 㪋㪺㪿㩷㪙㪧㪤㩷㪩㪝㩷㪬㫅㫀㫋㩷㩿㪪㪸㫅㪄㪢㫆㪄㪪㪿㪸㪀㩷㪒㩷㪽㫆㫉㩷㪻㪼㫋㪸㫀㫃㪃㩷㫉㪼㪽㪼㫉㩷㪸㫅㩷㪸㫅㫆㫋㪿㪼㫉㩷㪻㫆㪺㫌㫄㪼㫅㫋㪅
㪊㪇㪇㪤㪟㫑㩷㪩㪝㩷㫄㫆㪻㫌㫃㪼㪻㩷㫊㫀㪾㫅㪸㫃㩷㪸㫉㪼㩷㫆㫌㫋㫇㫌㫋㩷㫋㫆㩷㪼㪸㪺㪿㩷㪺㪿㪸㫅㫅㪼㫃

䊶㪜㪜㪧㪩㪦㪤 㪪㫋㫆㫉㪼㫊㩷㪛㫐㫅㪸㫄㫀㪺㩷㪞㪸㫀㫅㩷㪝㪸㪺㫋㫆㫉㩷㫇㪸㫉㪸㫄㪼㫋㪼㫉㫊㪒㩷㪣㫆㪸㪻㪼㪻㩷㫀㫅㫋㫆㩷㪝㪧㪞㪘㩷㪸㪽㫋㪼㫉㩷㫉㪼㫊㪼㫋㪅

䊶㪝㪣㪘㪪㪟㩷㪩㪦㪤 㪪㫋㫆㫉㪼㫊㩷㪝㪧㪞㪘㩷㪺㫆㫅㪽㫀㪾㫌㫉㪸㫋㫀㫆㫅㩷㪻㪸㫋㪸㪃㩷㪺㪸㫅㩷㪹㪼㩷㫌㫇㪻㪸㫋㪼㪻㩷㫍㫀㪸㩷㪡㪫㪘㪞㩷㪸㫅㪻㩷㪭㪤㪜㩷㪹㫌㫊㪅

䊶㪪㫌㫇㫇㫃㫐㩷㪭㫆㫃㫋㪸㪾㪼㩷㩿㪭㪤㪜㩷㪂㪌㪭 㪓㪍㪘
㩷㪂㪈㪉㪭 㪥㫆㫋㩷㪬㫊㪼㪻
㩷㪄㪈㪉㪭 㪓㪇㪅㪌㪘

䂓㪙㫃㫆㪺㫂㩷㪛㫀㪸㪾㫉㪸㫄
㪩㪝㩷㪬㫅㫀㫋㩿㪪㪸㫅㪄㪢㫆㪄㪪㪿㪸䋩 㪈㪍㪹㫀㫋㪘㪛㪚

㪭㪤㪜㪹㫌㫊㪚㪟㪈 㪛㫀㪽㪽㪘㪤㪧 㪉㪌㪇㪤㪟㫑㩷㪪㪸㫄㫇㫃㪼

㪝㪠㪆㪝㪦

㪪㪬㪙㩷㪝㪧㪞㪘㩿㪪㫇㪸㫉㫋㪸㫅㪄㪍㪀㩷㫏㪋㪺㪿

㪩㪝㩷㪬㫅㫀㫋㩿㪪㪸㫅㪄㪢㫆㪄㪪㪿㪸䋩

㩿㫊㪸㫄㪼䋩

㪈㪍㪹㫀㫋㪘㪛㪚

㪈㪍㪹㫀㫋㪘㪛㪚

㪈㪍㪹㫀㫋㪘㪛㪚

㪈㪍㪹㫀㫋㪘㪛㪚

㪛㪜㪣㪘㪰

㪛㪜㪣㪘㪰

㪛㪜㪣㪘㪰

㪛㪜㪣㪘㪰

㪤㪘㪠㪥㩷㪝㪧㪞㪘

㪪㫇㪸㫉㫋㪸㫅㪄㪍

㪭㪤㪜㪹㫌㫊

㪛㪊㪉㪹㫌㫊

㪘㪊㪉㪹㫌㫊

㪠㪩㪨㪁

㪚㪟㪈

㪚㪟㪉

㪚㪟㪊

㪚㪟㪋

㪰㪂

㪰㪄

㪯㪂㪯㪄

㪛㪫㪘㪚㪢

㪝㫃㪸㫊㪿

㪡㪄㪫㪘㪞

㪜㪜㪧㪩㪦㪤

㪛㫀㪽㪽㪘㪤㪧

㩿㫊㪸㫄㪼䋩

㩿㫊㪸㫄㪼䋩

㪉㪌㪇㪤㪟㫑㩷㪪㪸㫄㫇㫃㪼

㪝㪠㪆㪝㪦

㪝㪠㪆㪝㪦

㪝㪠㪆㪝㪦

㪝㪠㪆㪝㪦

㪪㪬㪙㩷㪝㪧㪞㪘㩿㪪㫇㪸㫉㫋㪸㫅㪄㪍㪀㩷㫏㪋㪺㪿

䃁

㪚㪸㫃㪅㩷㫋㫆㫅㪼㩷㪞㪼㫅㪼㫉㪸㫋㫆㫉

㪈㪍㪹㫀㫋㪘㪛㪚

㪦㪪㪚㩷
㪛㪜㪣㪘㪰

䃁

㪠㪥

㪦㪬㪫

㪂㪌㪭

㪂㪈㪉㪭

㪄㪈㪉㪭

㪇㪭
㪫㪩㪠㪞㩿㪥㪠㪤㪀

㪌㪇㪟㫑

㪝㫃㪸㫊㪿

㪡㪄㪫㪘㪞

㪛㪚㪆㪛㪚

㪩㪜㪞㪅

㩿㫊㪸㫄㪼䋩

㪘㪛㪚㪣㪢

㪉㪇㪇䌾㪉㪌㪇㪤㪟㫑

㪝㪠㪆㪝㪦

&+)+6':�.#$��%Q���.VF� ����
㫄㫆㪻㪼㫃㩷㪈㪏㪢㪈㪉㪃㩷㪉㪄㫇㫌㫃㫊㪼㩷㪙㪧㪤㩷㫊㫀㪾㫅㪸㫃㩷㫇㫉㫆㪺㪼㫊㫊㫆㫉

㩷㪹㫆㪸㫉㪻

	  	  	  	  	  	  BPF	  circuit	  

	  	  	  	  	  	  BPF	  circuit	  

	  	  	  	  	  	  BPF	  circuit	  

	  	  	  	  	  	  BPF	  circuit	  

cal.	  tone	  generator	  

•  Instead	  of	  beam	  signal,	  180	  MHz	  CW	  
signal	  is	  equally	  divided	  into	  four	  
channel	  (to	  reduce	  source	  jijer/noise).	  

•  96	  ns	  (same	  with	  beam	  gate)	  Hanning	  
window	  is	  applied	  to	  extract	  a	  pseudo-‐
beam	  signal.	  	  

•  Upper	  plot	  shows	  posi-on	  resolu-on	  
and	  lower	  plot	  shows	  linearity.	  

•  Requires	  	  >14	  dB	  dynamic	  range	  to	  
ensure	  ±	  5mm	  precise	  aperture.	  
•  Keeps	  24	  dB	  in	  dynamic	  range	  that	  

meets	  both	  
•  posi-on	  resolu-on	  <10	  μm,	  
•  linearity	  within	  ±0.2%(=0.02	  dB).	  

•  We	  can	  set	  an	  opera-on	  point	  with	  
about	  2	  μm	  or	  less.	  	  

amplifier	  gain	  dric	
•  We	  measured	  amplifier	  gain	  dric	  of	  the	  

BPF	  circuits	  in	  a	  thermosta-c	  chamber	  
(25±0.1	  ℃)	  for	  286	  hours	  (11.9	  days).	  

•  MGA-‐30689	  (Avago)	  shows	  
largest	  gain	  dric	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(1.6%	  (0.14	  dB)/11.9	  days).	  
•  pHEMT:	  FET	  structure.	  

•  ADL5536	  (Analog	  Devices)	  
shows	  smallest	  gain	  dric	  	  	  	  	  	  	  	  	  	  
(0.6%	  (0.05	  dB)/11.9	  days).	  
•  HBT:	  Bipolar	  structure.	  

•  HBT	  devices	  seem	  to	  have	  bejer	  power	  
dric	  characteris-cs.	  

•  We	  employed	  ADL5536.	  

3−BPM	  resolu-on	  tests	

•  At	  KEK	  Linac,	  beam	  from	  3T	  thermionic	  gun	  (0.8	  nC,	  1	  ns	  bunched)	  is	  
used.	  	  

•  Adjacent	  three	  BPM	  output	  are	  readout	  by	  these	  readout	  systems:	  
3,500	  events	  with	  12.5	  Hz	  have	  been	  readout.	  

•  During	  the	  experiment,	  steering	  magnet	  current	  was	  changed	  in	  each	  
500	  events.	  

•  With	  a	  mul-ple	  regression	  analysis,	  3rd	  BPM	  posi-ons	  were	  es-mated,	  
and	  we	  obtain	  σ	  =	  3	  μm	  from	  residual	  error	  distribu-ons.	  

Measurement	  posi-on	  (μm)	   residual	  error	  distribu-on	  
with	  a	  Gaussian	  fit.	  (μm)	  	  
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1)� BPM ࢆฟಙྕ᳨ࡢ Ampࠊᡈࡣ࠸ῶ⾶࡚ࡏࡉ ADC  ࠋࡍࡲࡋฟຊ
 

2)� Cal Sig ࢆ BPM  ࠋࡍࡲࡋฟຊ
 
3)  Cal Sig ࡚ࡏࡉ⾶ῶࡣ࠸ᡈࠊAmpࠊ࡛࠸࡞ࡋฟຊእࢆ ADC  ࠋࡍࡲࡋฟຊ

 
� � BPM Avtechࠊ࡚ࡋఝಙྕࡢ ࡢ♫ Pulse Generator(KEK  ࠋࡍࡲࡋ⏝ࢆ(ࡳ῭⏝ࡽ

•  BPF	  circuit	  block	  diagram	

Under	  sampled	  waveform.	

ADC	  	  
(under	  	  

sampling)	

Shaped	  waveform	  with	  BPF	  circuit.	  
(this	  waveform	  was	  taken	  with	  
calibra-on	  tone	  generator.)	

20	  ns	

200	  mV	

•  Lajer	  amplifier	  is	  the	  cri-cal	  device	  that	  limits	  overall	  
linearity.	  Hence,	  we	  tested	  below	  three	  devices.	  

Device	 P1dB	 Gain	 OIP3	 NF	 technology	

SBB5089Z(RFMD)	 20dBm@200MHz	 20.8dB@200MHz	 37.5dBm@200MHz	 4.3dB@200MHz	 InGaP	  HBT	

ADL5536(AD)	 19.6dBm@190MHz	 19.8dB@190MHz	 45.0dBm@190MHz	 2.6dB@190MHz	 GaAs	  HBT	

MGA-‐30689(Avago)	 22.4dBm@900MHz	 14.3dB@900MHz	 43.0dBm@900MHz	 3.0dB@900MHz	 GaAs	  pHEMT	

0.02	  dB	

0.02	  dB	

#	  of	  L:	  4	  
Tubular	  Bujerworth	

#	  of	  L:	  2	  
C-‐coupled	  Bessel	

(An--‐Aliasing)	   (Shaping)	  
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