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Test System for ASIC 

Sub board 

Main 
board 

• Measure 6 ASICs in BGA-type sockets. 
• Sockets are in separate board. 
• FPGA:  Xilinx Spartan6 (XC6SLX100). 
• SiTCP is used for readout. 
• Serious bug in sub boards is fixed. 
• New main boards (minor bug fix 

version) was delivered and was tested 
by Yoshida-san (TMU). 
9 Looks OK (after struggling). 

• Additional 4 main boards are in 
production and will be delivered within 
this JFY. 

• Need to prepare automatic test 
software. 

• Start ASIC test from April. 
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Belle	
  II	
  experiment	
  
•  Belle	
  experiment	
  

–  KEKB	
  accelerator/Belle	
  detector:	
  B-‐‑‒Factory	
  experiment	
  
–  Discovery	
  of	
  CP	
  Violation	
  in	
  B	
  system	
  
–  Verification	
  of	
  Kobayashi-‐‑‒Maskawa	
  mechanism	
  
–  Finished	
  in	
  2010.6	
  

•  Upgrade	
  to	
  SuperKEKB	
  accelerator	
  /	
  Belle	
  II	
  detector	
  
–  Integrated	
  Luminosity:	
  50	
  ab-‐‑‒1	
  
–  Physics	
  Goal:	
  Search	
  for	
  New	
  Physics	
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electrons	
  
7	
  GeV/c	
  

positrons	
  
4	
  GeV/c	
  Belle	
  II	
  Detector	
  

End-‐‑‒cap	
  K/π	
  ID	
  (PID):	
  
Belle	
  
Threshold-‐‑‒type	
  Cherenkov	
  Counter	
  
Momentum	
  range:	
  up	
  to	
  2	
  GeV/c	
  

  	
  Aerogel	
  RICH	
  counter	
  
Upgrade!	
  

Target:	
  4σ	
  π/K	
  separation	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  up	
  to	
  4	
  GeV/c	
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Aerogel RICH 
Endcap PID: 
Replace threshold-type Aerogel 
Cherenkov Counter to Aerogel RICH 

Concept of Aerogel RICH 

Target:  
K/S Separation up to 4 GeV. 

Belle II 

(@ 4 GeV; n = 1.05) 

e.g.) B o UJ v.s. K*J 

Proximity-‐‑‒Focusing	
  Ring	
  Imaging	
  Cherenkov	
  counter	
  	
  
using	
  aerogel	
  as	
  radiator	
  

Principle	
  of	
  A-‐‑‒RICH	
  

Radiator:	
  
Silica	
  aerogel	
  

Charged	
  
particle	
  

π	
  :	
  
K:	
  

200	
  mm	
  

Photon	
  detector:	
  
144-‐‑‒ch	
  HAPD	
  

Hit	
  information	
  
→	
  Front-‐‑‒end	
  electronics	
  

1.  Produce	
  Cherenkov	
  light	
  in	
  	
  
the	
  aerogel.	
  

2.  Detect	
  photons	
  as	
  a	
  ring	
  
image	
  using	
  a	
  position	
  
sensitive	
  detector	
  array.	
  	
  	
  	
  	
  	
  	
  	
  

3.  The	
  radiation	
  angle	
  θC	
  is	
  
calculated.	
  

4.  K/π	
  ID	
  is	
  performed	
  by	
  the	
  
equation:	
  

! 	
  Poster	
  by	
  M.	
  Tabata	
   @	
  4	
  GeV/c,	
  n	
  =	
  1.05	
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Aerogel RICH 
Endcap PID: 
Replace threshold-type Aerogel 
Cherenkov Counter to Aerogel RICH 

Concept of Aerogel RICH 

Target:  
K/S Separation up to 4 GeV. 

Belle II 

(@ 4 GeV; n = 1.05) 

e.g.) B o UJ v.s. K*J 

Proximity-‐‑‒Focusing	
  Ring	
  Imaging	
  Cherenkov	
  counter	
  	
  
using	
  aerogel	
  as	
  radiator	
  

Requirement	
  

Radiator:	
  
Silica	
  aerogel	
  

Charged	
  
particle	
  

π	
  :	
  
K:	
  

200	
  mm	
  

Photon	
  detector:	
  
144-‐‑‒ch	
  HAPD	
  

Hit	
  information	
  
→	
  Front-‐‑‒end	
  electronics	
  

! 	
  Poster	
  by	
  M.	
  Tabata	
  

• 	
  Position	
  resolution	
  ~∼5	
  mm	
  
• 	
  Single	
  photon	
  sensitivity	
  
• 	
  Tolerance	
  to	
  magnetic	
  field	
  
• 	
  Radiation	
  hardness	
  

• 	
  High-‐‑‒gain,	
  low-‐‑‒noise	
  Amp.	
  
• 	
  Hit/No-‐‑‒Hit	
  for	
  each	
  ch.	
  
• 	
  Space	
  is	
  limited	
  (5	
  cm)	
  

We	
  are	
  developing	
  
144-‐‑‒ch	
  HAPD	
  and	
  	
  
Electronics	
  for	
  it.	
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Hybrid	
  Avalanche	
  Photo-‐‑‒Detector	
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Structure	
  of	
  the	
  HAPD	
  

#	
  of	
  channel	
   12	
  ×	
  12	
  =	
  144	
  
tube	
  size	
   73	
  ×	
  73	
  mm2	
  

effective	
  area	
   〜～65%	
  
pixel	
  size	
   4.9	
  ×	
  4.9	
  mm2	
  

APD	
  
capacitance	
   80	
  pF	
  

typical	
  QE	
   28%	
  @400	
  nm	
  
Total	
  gain	
   〜～7	
  ×	
  104	
  

Specification	
  
Bombardment	
  Gain:	
  

~∼1,700	
  

Avalanche	
  Gain:	
  
~∼40	
  

73	
  mm	
  

We	
  have	
  been	
  developing	
  the	
  HAPD	
  	
  
with	
  Hamamatsu	
  Photonics	
  K.K.	
  	
  
since	
  2002.	
  
420	
  modules	
  will	
  be	
  installed	
  in	
  Belle	
  II.	
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Hybrid	
  Avalanche	
  Photo-‐‑‒Detector	
  

We	
  have	
  been	
  developing	
  the	
  HAPD	
  	
  
with	
  Hamamatsu	
  Photonics	
  K.K.	
  	
  
since	
  2002.	
  
420	
  modules	
  will	
  be	
  installed	
  in	
  Belle	
  II.	
  

#	
  of	
  channel	
   12	
  ×	
  12	
  =	
  144	
  
tube	
  size	
   73	
  ×	
  73	
  mm2	
  

effective	
  area	
   〜～65%	
  
pixel	
  size	
   4.9	
  ×	
  4.9	
  mm2	
  

APD	
  
capacitance	
   80	
  pF	
  

typical	
  QE	
   28%	
  @400	
  nm	
  
Total	
  gain	
   〜～7	
  ×	
  104	
  

Specification	
  

73	
  mm	
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Photocathode Voltage:  -8kV 
AD Reverse Bias Voltage: 348V 
Guard Voltage: +175V 
Amplifier: Clear-Pulse 580K 
Light Source: LED 470nm, 2kHz 

㩷
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Pulse	
  height	
  distribution	
  
1p.e.	
  

Good	
  single	
  photon	
  separation	
  
in	
  every	
  pixel.	
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HAPDs	
  will	
  be	
  used	
  in	
  radiation	
  environment	
  for	
  10	
  years	
  operation.	
  

Neutrons:	
  1x1012	
  neutrons/cm2	
  (1	
  MeV	
  equiv.)	
  

APD	
  

Neutrons	
  induce	
  lattice	
  defects	
  in	
  APD	
  bulk	
  region.	
  
They	
  cause	
  increasing	
  leakage	
  current.	
  
! 	
  S/N	
  become	
  worse	
  
We	
  changed	
  P	
  and	
  P+	
  layer	
  structure	
  in	
  APD.	
  
Thinner	
  P	
  :	
  To	
  suppress	
  increase	
  of	
  current.	
   	
  	
  
Thinner	
  P+	
  :	
  To	
  improve	
  bombardment	
  gain.	
  

P	
  

N	
  

N+	
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h+	
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Avalanche	
  Gain	
  

Previous	
  APD	
  

New	
  APD	
  

We	
  confirmed	
  
thinner	
  P	
  layer	
  
can	
  suppress	
  	
  
increase	
  of	
  	
  
leakage	
  current.	
  

History	
  of	
  radiation	
  test	
  
2011:	
  Thinner	
  P/P+	
  layer	
  
2012~∼2013:	
  
Production	
  type	
  is	
  irradiated	
  
with	
  expected	
  neutron	
  flux	
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Gamma-‐‑‒ray:	
  1	
  kGy	
  

Trial	
  samples	
  have	
  sufficient	
  
neutron	
  and	
  gamma	
  	
  
radiation	
  hardness	
  for	
  Belle	
  II.	
  

Charge-‐‑‒up	
  around	
  the	
  structure	
  on	
  	
  
APD	
  surface	
  occurred	
  by	
  gamma-‐‑‒ray.	
  
Breakdown	
  voltage	
  is	
  degraded.	
  	
  
!	
  lowers	
  Avalanche	
  gain.	
  

Charged	
  up	
  
	
  	
  !	
  Breakdown	
  

Surface	
  structure	
  on	
  APD	
  

γ	
  

We	
  changed	
  surface	
  structure	
  on	
  APD	
  to	
  prevent	
  it,	
  
and	
  carried	
  out	
  radiation	
  tests	
  after	
  neutron	
  test.	
  

5

Chip Current during irradiation

Neutron irradiated

346V→320V 320V→346V

Breakdown is not observed up to 1kGy for all the HAPDs

Neutron irradiated

Neutron irradiated

Neutron irradiated

Bias: corresponds to gain 40

Dose	
  dependency	
   • chipA	
  
• chipB	
  
• chipC	
  
• chipD	
  

Breakdown	
  is	
  not	
  observed	
  
up	
  to	
  1	
  kGy	
  radiation.	
  

HAPDs	
  will	
  be	
  used	
  in	
  radiation	
  environment	
  for	
  10	
  years	
  operation.	
  



Readout	
  Electronics	
  

•  Readout	
  ASIC	
  
–  36	
  channels/chip	
  
–  variable	
  shaping	
  time	
  

•  100~∼200	
  ns	
  for	
  noise	
  reduction	
  	
  	
  	
  	
  	
  
due	
  to	
  neutron	
  irradiation	
  

•  Front-‐‑‒end	
  board	
  
–  FPGA	
  

•  Digital	
  hits	
  signal	
  treatment	
  
•  Setting	
  ASIC	
  parameters	
  

•  Merger	
  system	
  
–  Merge	
  data	
  from	
  5~∼6	
  FE	
  board	
  
–  Suppress	
  size	
  of	
  signals	
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• 	
  High-‐‑‒gain,	
  low-‐‑‒noise	
  Amp.	
  
• 	
  Hit/No-‐‑‒Hit	
  information	
  
• 	
  Space	
  is	
  limited	
  

We	
  developed	
  	
  
original	
  ASIC	
  and	
  	
  
related	
  circuit	
  for	
  A-‐‑‒RICH.	
  

KA067!chipA:!344V(%�g40),!8.5kV�
M1DMped:!109361!
M2DM1:!25037.6&
noise:!25786.6&
S/N:!4.24099!
S/N(M2DM1/ped):!0.970953�

M1DMped:!40261.6!
M2DM1:!27885&
noise:!22811.6&
S/N:!1.76496!
S/N(M2DM1/ped):!1.22241&

100ns�

200ns� A22� A36�

M1DMped:!28482.5!
M2DM1:!24609.2&
noise:!4725.05&
S/N:!6.02798!
S/N(M2DM1/ped):!5.20823�

M1DMped:!27493.9!
M2DM1:!27113.6&
noise:!5681.01&
S/N:!4.83961!
S/N(M2DM1/ped):!4.77266�

SAV½1st�

KA067!chipA:!344V(%�g40),!8.5kV�
M1DMped:!109361!
M2DM1:!25037.6&
noise:!25786.6&
S/N:!4.24099!
S/N(M2DM1/ped):!0.970953�

M1DMped:!40261.6!
M2DM1:!27885&
noise:!22811.6&
S/N:!1.76496!
S/N(M2DM1/ped):!1.22241&

100ns�

200ns� A22� A36�

M1DMped:!28482.5!
M2DM1:!24609.2&
noise:!4725.05&
S/N:!6.02798!
S/N(M2DM1/ped):!5.20823�

M1DMped:!27493.9!
M2DM1:!27113.6&
noise:!5681.01&
S/N:!4.83961!
S/N(M2DM1/ped):!4.77266�

SAV½1st�

Shaping	
  time	
  100	
  ns	
  
Noise	
  level:	
  4,700	
  e-‐‑‒	
  

Shaping	
  time	
  200	
  ns	
  
Noise	
  level:	
  5,700	
  e-‐‑‒	
  

We	
  confirmed	
  
noise	
  reduction	
  
with	
  shorter	
  
shaping	
  time.	
  

Neutron	
  test	
  in	
  2013	
  

Pulse	
  height	
  (ADC	
  ch)	
   Pulse	
  height	
  (ADC	
  ch)	
  

(=4	
  chips	
  for	
  1	
  HAPD)	
  

Dec. 2,  2013 
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Electronics 

ASIC (SA03) 

Preamp Shaper Comparator 

SA03 FPGA 
for 

readout 

• CMOS 0.35 μm process @ TSMC and X-FAB. 
• 36 ch / chip (i.e. 4 ASIC for one HAPD). 
• Variable gain (3.1-12.5 V/pC) and shaping time (100-200ns). 
• Common threshold but adjustable offset (16-bit; for each channel). 
• DICE (Dual Interlocked CEll) register to be tolerant to SEU. 
• Mass production started this year (@X-FAB). 

• Total 60000 channels. 
9 1-bit ON/OFF information is enough. 

• High-gain, low-noise. 
• Only 5 cm available behind HAPD 



Readout	
  Electronics	
  

•  Readout	
  ASIC	
  
–  36	
  channels/chip	
  
–  variable	
  shaping	
  time	
  

•  100~∼200	
  ns	
  for	
  noise	
  reduction	
  	
  	
  	
  	
  	
  
due	
  to	
  neutron	
  irradiation	
  

•  Front-‐‑‒end	
  board	
  
–  FPGA	
  

•  Process	
  Digital	
  hit	
  signals	
  treatment	
  
•  Setting	
  ASIC	
  parameters	
  

•  Merger	
  system	
  
–  Merge	
  data	
  from	
  5~∼6	
  FE	
  board	
  
–  Suppress	
  size	
  of	
  signals	
  

S.	
  Iwata	
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HAPD	
  
Front-‐‑‒end	
  
	
  Board	
  

FPGA	
  

ASIC	
  

FPGA	
  

Belle2Link	
  

Trigger	
  in	
  
…
…
	
   Merger	
  

Readout	
  scheme	
  

• 	
  High-‐‑‒gain,	
  low-‐‑‒noise	
  Amp.	
  
• 	
  Hit/No-‐‑‒Hit	
  information	
  
• 	
  Space	
  is	
  limited	
  

We	
  developed	
  	
  
original	
  ASIC	
  and	
  	
  
related	
  circuit	
  for	
  A-‐‑‒RICH.	
  

(=4	
  chips	
  for	
  1	
  HAPD)	
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HAPD	
  
•  Mass	
  production	
  already	
  started	
  	
  	
  	
  
in	
  2013.	
  
–  420(main)+Spare	
  =	
  450	
  in	
  total	
  
–  Delivery	
  Schedule	
  
・Aug.	
  2013	
  ~∼	
  Sep.	
  2014	
  
・30	
  ~∼	
  40	
  samples	
  every	
  month	
  

•  Quality	
  check	
  is	
  on-‐‑‒going	
  at	
  KEK.	
  
–  Quantum	
  Efficiency	
  (QE)	
  
–  Dead	
  channel	
  check	
  

•  Leakage	
  current	
  
•  Noise	
  level	
  
•  Gain	
  
•  2D	
  Hit-‐‑‒map	
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#HAPDs	
  
Good	
   134	
  (86%)	
  

Low	
  Quality	
   5	
  (3%)	
  
Under	
  

Investigation	
   15	
  (10%)	
  

Rejected	
   2	
  (1%)	
  
Checked	
  
(Total)	
   156	
  	
  

Good	
  Sample	
  Selection	
  

Requirement	
  	
  Measured	
  (Average)	
  
28%	
  (Typically)	
  

>24%	
  
30.0%	
  

(RMS	
  3.7%)	
  

QE	
  Measurement	
  Result	
  

(#samples	
  =	
  193)	
  

(Mar.	
  2014)	
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Electronics 

ASIC (SA03) 

Preamp Shaper Comparator 

SA03 FPGA 
for 

readout 

• CMOS 0.35 μm process @ TSMC and X-FAB. 
• 36 ch / chip (i.e. 4 ASIC for one HAPD). 
• Variable gain (3.1-12.5 V/pC) and shaping time (100-200ns). 
• Common threshold but adjustable offset (16-bit; for each channel). 
• DICE (Dual Interlocked CEll) register to be tolerant to SEU. 
• Mass production started this year (@X-FAB). 

• Total 60000 channels. 
9 1-bit ON/OFF information is enough. 

• High-gain, low-noise. 
• Only 5 cm available behind HAPD 

Readout	
  ASIC	
  
•  The	
  ASIC	
  is	
  designed	
  	
  	
  
in	
  order	
  to	
  satisfy	
  our	
  
requirement.	
  

•  ASIC	
  production	
  had	
  
been	
  finished.	
  
–  2,500	
  samples	
  had	
  been	
  
produced.	
  

•  We	
  will	
  choose	
  good	
  
chips	
  from	
  them.	
  
–  1,680	
  chips	
  are	
  needed.	
  
–  Test	
  system	
  is	
  
developed	
  for	
  this	
  
purpose.	
  

–  ka	
  
S.	
  Iwata	
  
June	
  6,	
  2014	
  

Technology	
  and	
  Instrumentation	
  in	
  Particle	
  Physics	
  2014	
  
@	
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HAPD	
  
signal	
  

Amplification	
  

Shaper	
  

Discriminator	
  

ASIC	
  scheme	
   Vth	
  

Hit	
  data	
  

CMOS	
  0.35	
  μm	
  
@	
  TSMC/X-‐‑‒FAB	
  
LTCC	
  packaged	
  

ASIC 増幅率 

増幅率 
 
 
   
 
        

 
→  入力電荷量と出力電圧の関係から    
   増幅率を算出。 

全チップ実測値の平均 
Gain0 29.4 [mV/fC] 
Gain1 20.3 [mV/fC] 
Gain2 16.4 [mV/fC] 
Gain3 13.6 [mV/fC] 

増幅率の測定結果 

全41サンプルにおいて1光電子 
シグナル以下で線形性が取れて 
いることを確認。 

1 p.e 

27pTJ-2 

2014/3/27 日本物理学会 第69回年次大会@東海大学 9 

𝑉௢௨௧ / 𝑄௜௡ 

O
ut

pu
t V

ol
ta

ge
 [m

V]
 

Input Charge [fC] 

Gain	
  linearity	
  of	
  each	
  
setting	
  satisfies	
  
1-‐‑‒photon	
  separation	
  

Mean	
  8.6	
  mV/fC	
  
(RMS	
  0.8	
  mV/fC)	
  

#channels	
  
864	
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Electronics 

ASIC (SA03) 

Preamp Shaper Comparator 

SA03 FPGA 
for 

readout 

• CMOS 0.35 μm process @ TSMC and X-FAB. 
• 36 ch / chip (i.e. 4 ASIC for one HAPD). 
• Variable gain (3.1-12.5 V/pC) and shaping time (100-200ns). 
• Common threshold but adjustable offset (16-bit; for each channel). 
• DICE (Dual Interlocked CEll) register to be tolerant to SEU. 
• Mass production started this year (@X-FAB). 

• Total 60000 channels. 
9 1-bit ON/OFF information is enough. 

• High-gain, low-noise. 
• Only 5 cm available behind HAPD 

Readout	
  ASIC	
  

S.	
  Iwata	
  
June	
  6,	
  2014	
  

Technology	
  and	
  Instrumentation	
  in	
  Particle	
  Physics	
  2014	
  
@	
  Amsterdam	
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CMOS	
  0.35	
  μm	
  
@	
  TSMC/X-‐‑‒FAB	
  
LTCC	
  packaged	
  

Tested	
   Dead	
  
6,480	
  ch.	
  

(=	
  180	
  chips)	
  
47	
  ch.	
  	
  

(in	
  30	
  chips)	
  

Dead	
  channel	
  Appearance	
  

•  The	
  ASIC	
  is	
  designed	
  	
  	
  
in	
  order	
  to	
  satisfy	
  our	
  
requirement.	
  

•  ASIC	
  production	
  had	
  
been	
  finished.	
  
–  2,500	
  samples	
  had	
  been	
  
produced.	
  

•  We	
  will	
  choose	
  good	
  
chips	
  from	
  them.	
  
–  1,680	
  chips	
  are	
  needed.	
  
–  Test	
  system	
  is	
  
developed	
  for	
  this	
  
purpose.	
  

–  ka	
  

HAPD	
  
signal	
  

Amplification	
  

Shaper	
  

Discriminator	
  

ASIC	
  scheme	
   Vth	
  

Hit	
  data	
  



Related	
  Electronics	
  
•  Front-‐‑‒end	
  board	
  
– 4	
  ASIC	
  and	
  FPGA	
  
– The	
  final	
  version	
  is	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
under	
  designing	
  

•  Merger	
  system	
  
– Designing	
  the	
  final	
  version.	
  

•  Merge	
  data	
  from	
  5-‐‑‒6	
  HAPDs	
  
•  Send	
  data	
  to	
  central	
  DAQ	
  
•  Trigger/clock	
  distribution	
  
•  Configuration	
  for	
  the	
  front-‐‑‒end	
  

– Communication	
  test	
  is	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
on-‐‑‒going	
  with	
  prototype.	
  

S.	
  Iwata	
  
June	
  6,	
  2014	
  

Technology	
  and	
  Instrumentation	
  in	
  Particle	
  Physics	
  2014	
  
@	
  Amsterdam	
   15	
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Electronics 

Front-end Board 

Poster by H.Kakuno 

Merger 

• 4 ASIC + Xilinx FPGA (Spartan6). 

• Hit detection. 

• ASIC parameter setting. 

• Receive hitdata from 5-6 front-end 

boards, and send to DAQ. 

Boards are under final design.  

HAPD	
  

Connector	
  side	
  
Attached	
  on	
  HAPD	
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•
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•
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•
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•
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•
S
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 c
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•
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A
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Merger	
  Prototype	
  

150	
  mm	
  

FPGA	
  
(Virtex5)	
   10

0	
  
m
m
	
  



Mass	
  Production	
  Status	
  
•  HAPD:	
  
–  Delivery	
  is	
  delayed	
  about	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
a	
  few	
  months.	
  

–  Quality	
  check	
  of	
  delivered	
  HAPDs	
  
are	
  mostly	
  done.	
  

•  Electronics:	
  
–  The	
  ASIC	
  production	
  had	
  finished.	
  
–  Quality	
  check	
  is	
  on-‐‑‒going.	
  

•  We	
  developed	
  the	
  test	
  system	
  for	
  
SICs.	
  

–  Front-‐‑‒end	
  board	
  and	
  Merger	
  are	
  
under	
  final	
  design.	
  
•  Mass	
  production	
  will	
  start	
  in	
  this	
  year.	
  	
  

S.	
  Iwata	
  
June	
  6,	
  2014	
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Trends	
  of	
  HAPD	
  Production	
  

"	
  Investigation	
  of	
  Noisy	
  Sample	
  	
  

12

Investigation of 2D scan noise issue

2D scan w/o light
(measure noise only)

BIAS, HV on

wait 30min

2Dscan

KA0197

SA01 measurement

Noise looks to be
 time dependent

Noisy	
  sample	
  

12

Investigation of 2D scan noise issue

2D scan w/o light
(measure noise only)

BIAS, HV on

wait 30min

2Dscan

KA0197

SA01 measurement

Noise looks to be
 time dependent

30min	
  after	
  HV	
  ON	
  

Noise	
  disappeared	
  

We	
  found	
  some	
  samples	
  	
  
are	
  noisy	
  in	
  2D	
  hit-‐‑‒map.	
  
This	
  noise	
  occurred	
  	
  
after	
  light	
  exposure.	
  
Noise	
  in	
  most	
  samples	
  of	
  this	
  reason	
  
disappear	
  in	
  ~∼30	
  min	
  
after	
  light	
  exposure	
  and	
  HV	
  ON.	
  
!	
  ~∼30	
  min:	
  10	
  samples,	
  >1hour:	
  7	
  samples	
  



Mass	
  Production	
  Status	
  
•  HAPD:	
  
–  Delivery	
  is	
  delayed	
  about	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
a	
  few	
  months.	
  

–  Quality	
  check	
  of	
  delivered	
  HAPDs	
  
are	
  mostly	
  done.	
  

•  Electronics:	
  
–  The	
  ASIC	
  production	
  was	
  finished.	
  
–  Quality	
  check	
  is	
  on-‐‑‒going.	
  

•  We	
  developed	
  the	
  test	
  system	
  for	
  
produced	
  ASICs.	
  

–  Front-‐‑‒end	
  board	
  and	
  Merger	
  are	
  
under	
  final	
  design.	
  
•  Mass	
  production	
  will	
  start	
  in	
  this	
  year.	
  	
  

S.	
  Iwata	
  
June	
  6,	
  2014	
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Trends	
  of	
  HAPD	
  Production	
  

量産版 SA03 dead判定 

• 量産版 SA03(LTCC パッケージ)にテストパルス
による疑似信号(300mV, 30kHz)を送り
Threshold scanを行った。 

 

SiTCP 
1. パラメータ設定 
2. データ取得 

測定用PC 

各種電源 

ファンクション 
ジェネレータ 

テスト 
パルス 

クロック 
30kHz 

ヒットデータ取得  

セットアップ 

2014/5/9 5 

ASIC	
  test	
  system	
  



Schedule	
  

S.	
  Iwata	
  
June	
  6,	
  2014	
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Belle	
  II	
  Start	
  

2014	
   2015	
   2016	
  

Production	
  &	
  Check	
  

Production	
  
&	
  

Check	
  

Design	
  !	
  Production	
  

FE	
  board	
  

HAPD	
  

ASIC	
  
Check	
   Production	
  

Merger	
  

Aerogel	
  

Counter	
  
Assembly	
  

Installation	
  
Assembly	
  

Cosmic	
  test	
  

Productions	
  of	
  most	
  components	
  will	
  finish	
  in	
  this	
  year.	
  
Counter	
  assembly	
  will	
  start	
  in	
  2015.	
  
After	
  counter	
  assembly,	
  we	
  are	
  planning	
  the	
  cosmic	
  test.	
  



Summary	
  
•  The	
  Belle	
  II	
  experiment	
  will	
  start	
  from	
  2016.	
  
•  We	
  have	
  been	
  developing	
  Aerogel	
  RICH	
  (A-‐‑‒RICH)	
  using	
  
144-‐‑‒ch	
  HAPD	
  for	
  the	
  end-‐‑‒cap	
  PID	
  device.	
  

•  We	
  have	
  been	
  producing	
  components	
  of	
  A-‐‑‒RICH.	
  
•  HAPD:	
  

–  Mass	
  production	
  had	
  been	
  started	
  in	
  2013.	
  
–  Noise	
  issue	
  are	
  found,	
  further	
  investigation	
  is	
  on-‐‑‒going.	
  
–  Delivery	
  schedule	
  is	
  delayed,	
  it	
  will	
  finish	
  in	
  this	
  year.	
  	
  

•  Readout	
  ASIC:	
  	
  
–  Mass	
  production	
  had	
  finished	
  !	
  ASICs	
  are	
  under	
  quality	
  check.	
  

•  Other	
  Electronics:	
  	
  
–  Production	
  of	
  Front-‐‑‒end	
  boards	
  and	
  Merger	
  system	
  will	
  start	
  in	
  
this	
  year.	
  

•  All	
  components	
  will	
  be	
  ready	
  in	
  this	
  year.	
  We	
  will	
  start	
  
assembling	
  the	
  A-‐‑‒RICH	
  counter	
  in	
  2015.	
  

Plan	
  
–  After	
  assembly	
  of	
  the	
  counter,	
  we	
  are	
  planning	
  the	
  cosmic	
  test.	
  
–  Installation	
  of	
  A-‐‑‒RICH	
  in	
  the	
  Belle	
  II	
  is	
  in	
  2015.	
  

S.	
  Iwata	
  
June	
  6,	
  2014	
  

Technology	
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  Particle	
  Physics	
  2014	
  
@	
  Amsterdam	
   19	
  



Back	
  up	
  

2014.6.6	
   TIPP	
  2014	
   20	
  



SuperKEKB	
  accelerator	
  

S.	
  Iwata	
  
June	
  6,	
  2014	
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SuperKEKB and Belle II 

Belle KEKB 

Linac 

3km 

Mt. Tsukuba 
Belle II 

• KEKB / Belle : B factory experiment @ KEK (1999-2010) 
9 World highest luminosity (2.11×1034 cm−2 s−1). Accumulated 1 ab−1. 
9 Discovery of CP Violation in B system and verification of KM mechanism. 

• Upgrade to SuperKEKB and Belle II. 
9 40 times higher luminosity, aiming at 50 ab−1. 
9 Search and study of New Physics. 

• Particle identification (K/S separation) is a key issue. 

Dec. 2,  2013 
Aerogel RICH Counter for the Belle II Forward PID 

S. Nishida (KEK) RICH2013 
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Schedule 

• Mass production of components already started. 

9 HAPD (420 + spare): Sep. 2013- Sep. 2014. 

9 Aerogel (248 + spare): Oct. 2013- Sep. 2014 

9 ASIC: Jan. 2013- Jan. 2014. 

• Electronics are (still) in test and under final design. 

• Counter assembly is planned in 2014. 

• Installation in 2015. 

Belle2 Schedule 

HAPD Mass Production 



Tolerance	
  to	
  Magnetic	
  field	
  

S.	
  Iwata	
  
June	
  6,	
  2014	
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HAPD	
  

E-‐‑‒field	
  
 　〜～	
  7	
  kV	
  

B-‐‑‒field	
  1.5	
  T	
  

Pthoto-‐‑‒	
  
electrons	
  

APD	
  pixel	
  

w/o	
  B-‐‑‒field	
  
w/	
  B-‐‑‒field	
  

B	
   E	
   P.E.	
  

0	
  T	
   1.5	
  T	
  

35	
  mm	
  
15	
  mm	
  

Scattering	
  radius	
  of	
  photoelectrons	
  

APD	
  

Cross-‐‑‒talk	
  
Light	
  	
  incidence	
  point	
  (mm)	
   Light	
  	
  incidence	
  point	
  (mm)	
  

Colored	
  lines	
  show	
  detection	
  efficiency	
  of	
  each	
  channel.	
  

Pixel	
  

Fr
eq
ue
nc
y	
  

Fr
eq
ue
nc
y	
  



Neutron	
  Test	
  2013	
  

S.	
  Iwata	
  
June	
  6,	
  2014	
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Apparatus
Use same beam-line (BL10) @ J-PARC MLF
 - beam power is around 270kW @ neutron target
  ← almost same as the previous test

J-PARC MLF 

  

Setup of the Irradiation

Neutron
beam

beam

Aerogel
radiators

K
A

0
6

7

K
A

0
8

6

K
A

0
7
9

K
A

0
8
2

“A”
thin

“C”
thinner

“A”
thinner

“C”
thin

14m from neutron target

For this time, aerogel radiators are irradiated as well

Top view

a b c d e f

a :Alanine + two ELMA [(x,y)= (0,0) & (0,+3cm)]

b c d e : ELMA [(x,y)= (0,0)]

f :Alanine + ELMA[(x,y)= (0,0)]

Monitors

KA082

KA079

KA086

KA067

Aerogel radiators



Gamma-‐‑‒ray	
  Hardness	
  

S.	
  Iwata	
  
June	
  6,	
  2014	
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6

Chip Current VS Bias
Bias voltage scan during the irradiation

γ-ray dose: ~950Gy

Breakdown is not observed up to maximum bias voltage
for all the HAPDs



Readout	
  ASIC	
  
•  ASICs:	
  2500	
  chips	
  
– Already	
  finished	
  mass	
  production.	
  
– Quality	
  check	
  is	
  on-‐‑‒going.	
  
– We	
  developed	
  the	
  test	
  system	
  for	
  	
  	
  	
  
mass	
  productions.	
  
•  Max.	
  6	
  ASICs	
  are	
  available.	
  
•  Adopt	
  removable	
  sockets	
  
•  TCP/IP	
  communication	
  

– We	
  are	
  preparing	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
automatic	
  test	
  software.	
  

S.	
  Iwata	
  
June	
  6,	
  2014	
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量産版 SA03 dead判定 

• 量産版 SA03(LTCC パッケージ)にテストパルス
による疑似信号(300mV, 30kHz)を送り
Threshold scanを行った。 

 

SiTCP 
1. パラメータ設定 
2. データ取得 

測定用PC 

各種電源 

ファンクション 
ジェネレータ 

テスト 
パルス 

クロック 
30kHz 

ヒットデータ取得  

セットアップ 

2014/5/9 5 
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Electronics 

ASIC (SA03) 

Preamp Shaper Comparator 

SA03 FPGA 
for 

readout 

• CMOS 0.35 μm process @ TSMC and X-FAB. 
• 36 ch / chip (i.e. 4 ASIC for one HAPD). 
• Variable gain (3.1-12.5 V/pC) and shaping time (100-200ns). 
• Common threshold but adjustable offset (16-bit; for each channel). 
• DICE (Dual Interlocked CEll) register to be tolerant to SEU. 
• Mass production started this year (@X-FAB). 

• Total 60000 channels. 
9 1-bit ON/OFF information is enough. 

• High-gain, low-noise. 
• Only 5 cm available behind HAPD 

LTCC	
  package	
  

FPGA	
  



Front-‐‑‒end	
  Board	
  
•  Front-‐‑‒end	
  boards	
  are	
  under	
  final	
  design.	
  
– 4	
  ASIC	
  +	
  Xilinx	
  FPGA	
  (Spartan6)	
  
– Correct	
  hit	
  information	
  from	
  HAPD	
  
– Set	
  ASIC	
  parameters	
  
– HAPD	
  bias	
  voltage	
  distribution	
  

•  Basic	
  performance	
  are	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
confirmed	
  by	
  beam	
  test.	
  
–  	
  @DESY,	
  2013	
  

•  Mass	
  production	
  will	
  be	
  start	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
in	
  this	
  year.	
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Dec. 2,  2013 
Aerogel RICH Counter for the Belle II Forward PID 

S. Nishida (KEK) RICH2013 

9 

Electronics 

Front-end Board 

Poster by H.Kakuno 

Merger 

• 4 ASIC + Xilinx FPGA (Spartan6). 

• Hit detection. 

• ASIC parameter setting. 

• Receive hitdata from 5-6 front-end 

boards, and send to DAQ. 

Boards are under final design.  

HAPD	
  

Connector	
  side	
  

Attached	
  on	
  HAPD	
  



Merger	
  system	
  
•  Merger	
  Board:	
  >	
  72	
  units	
  
•  Specifications	
  are	
  almost	
  fixed	
  
– Collect	
  hit	
  data	
  from	
  5~∼6	
  FE	
  boards	
  
– Distribute	
  the	
  trigger	
  
– Set	
  parameters	
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Optical	
  connector	
  
!	
  Belle2Link	
  

Interface	
  connector	
  
for	
  front-‐‑‒ends	
  

150	
  mm	
  

100	
  mm	
  

FPGA	
  
(Virtex5)	
  

KEK	
  Electronics	
  System	
  group	
  	
  
has	
  been	
  developing.	
  

Prototype	
  of	
  Merger	
  Board	
  

✔Data	
  transfer	
  
✔Slow	
  control	
  
✔Trigger,	
  Clock	
  
✔JTAG	
  for	
  FPGA	
  



Merger	
  system	
  
•  Communication	
  test	
  with	
  Prototype	
  is	
  
on-‐‑‒going.	
  
– Slow	
  control	
  for	
  FE	
  boards	
  by	
  Belle2Link	
  
– Readout	
  from	
  1~∼multi	
  FE	
  board(s)	
  
– Configuration	
  of	
  FPGA	
  on	
  a	
  FE	
  board	
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Readout test from two FEEs,
Test setup

• The merger board  is connected to two FEEs.

• Test data from FEEs are header (trigger count only) + hit data.

• Hit data of FEEs are all zero.
16

connecter #00

connecter #01 

Red cable
FEE power line

An FEEs generated test data. 

The merger board send 
a test trigger to FEEs.

Mass	
  production	
  
had	
  started	
  from	
  April.	
  

Basic	
  functions	
  	
  
were	
  confirmed,	
  

FE	
  boards	
  generated	
  test	
  data.	
  



QE	
  measurement	
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Overview of QE measurement system

HAPD
movable stage

monochr
omator

xenon  
lamp house

HAPD HAPD

reference 
PD

Half mirror
pinhole

QEHAPD =   QEPD  × IHAPD/IPD

HAPD

reference PD

Light 
source

IHAPD

IPD
A

A

Measured

Measure currents of HAPD 
using pico-ammeter and 
compare it to that from 
reference PD. 
Move HAPD on the stage and 
measure current when illuminating  
~1mm size spot light (50 times/point). 
→ 2D QE map on photocathode.

 2

A

pico-
ammeter-500 V

HAPD

HAPD

。

HV

HV

signal,  
bias,  
guard

。。
。
。。

signal,  
bias,  
guard

λ = 400 nm

No APD/bombardment gain 

calibrated

By	
  Y.	
  Yusa	
  
(Niigata	
  Univ.)	
  



Noisy	
  HAPD	
  Issue	
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Mar. 7, 2014 HAPD Mass Production Status S. Nishida (KEK) PID Upgrade Meeting 
3 

Noisy HAPD Issues 

[Kakuno] 

Seems the 
problem is 
related to 
exposure to light. 

By	
  H.	
  Kakuno	
  
(Tokyo	
  Metro.	
  Univ.)	
  



Investigation	
  for	
  productions	
  

" QE	
  2D	
  Distribution	
  
•  We	
  found	
  some	
  samples	
  with	
  funny	
  structure	
  of	
  QE	
  
by	
  our	
  measurement	
  system.	
  

•  This	
  problem	
  is	
  not	
  resolve,	
  we	
  and	
  Hamamatsu	
  
Photonics	
  are	
  researching	
  about	
  the	
  detail	
  cause.	
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Typical	
  sample	
  

4

Status of HAPD test (cont'd)
About QE:

- some HAPD in recent samples shows funny structure in QE
 → no changes in the alkali activation process at HPK
     To check relation b/w samples having funny structures and
     the machine used for alkali activation at HPK

Pointed	
  

QE 2D map local structure
Local low QE region diagonally.   
→ Reproducible when we  
    measure again. 
More than 20 samples have this 
kind of structure. 
!
Carefully looking, we also see same 
structure in 2D scan with SA01.

 5
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Hamamatsu	
  people	
  
also	
  observe	
  
same	
  structure.	
  
They	
  try	
  to	
  understand	
  
why	
  this	
  structure	
  	
  
appears.	
  

QE	
  %	
   QE	
  %	
   QE	
  %	
  

Some	
  troubles	
  are	
  found	
  from	
  some	
  HAPDs.	
  	
  
They	
  are	
  also	
  investigated	
  by	
  our	
  system.	
  


