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FEC_V1  preliminary  test 
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•  Redundant	  design	  of	  FEC	  
•  Gain	  adjustment	  in	  case	  PMT	  degeneraDon	  
•  Followed	  by	  TIA	  to	  increase	  output	  current	  swing	  
•  Input	  impedance	  of	  about	  5Ω	  
•  RMS	  noise	  equivalent	  to	  input	  3uA	  while	  120uA	  for	  1	  pe	  
•  HG,MG	  covers	  whole	  dynamic	  range	  and	  linearity	  is	  

acceptable,	  change	  LG	  for	  HG	  Redundancy	  is	  possible	  
•  Not	  test	  to	  7.5V	  input	  blame	  to	  the	  generator,	  neither	  

in-‐chip	  over	  current	  protecDon	  	  
•  Difference	  between	  not	  studied	  carefully	  
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MCP-‐PMT  modeling  &simula0on 
•  Hope	  to	  find	  soluDon	  of	  current	  limitaDon	  	  
•  MCP-‐PMT	  model：	  

•  Only	  last	  MCP	  is	  considered	  due	  to	  the	  gain	  
•  MCP	  presented	  as	  Current	  Source	  （I1）of	  2nC	  
Charge	  (1pe*107=1.6nC)	  

•  ParasiDc	  20pF,100nH	  at	  the	  end	  of	  electrode	  
•  Base	  of	  posiDve	  HV	  	  

•  MCP	  signal	  happens,	  Charge	  most	  probably	  provided	  
by	  parasiDc	  capacitors	  very	  fast,	  then	  electrons	  dria	  
to	  anode,	  mainly	  discharged	  from	  output.	  	  	  

•  Front	  edge	  comes	  from	  (L/R),	  falling	  edge	  (CR)	  	  
•  PotenDal	  between	  electrodes	  not	  significant	  
changed,	  no	  idea	  for	  limiDng	  from	  divider	  parameters	  

•  Diode	  used	  for	  protecDon	  
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Protec0on 
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•  TVS	  (Transient	  Voltage	  Suppressor)	  has	  very	  good	  
performance	  of	  	  transient	  voltage	  protecDon	  
•  VRWM≈	  0.8*VBR,	  	  
•  Ipp	  up	  to	  several	  Ampere	  
•  	  Ppk	  up	  to	  hundreds	  Walt	  
•  very	  fast	  response	  Dme	  (<1ns)	  

•  Uni-‐direcDonal	  TVS	  has	  forward	  voltage	  around	  0.6V	  
•  Bi-‐DirecDonal	  protecDon	  needed	  	  
•  TVS	  avalanche	  for	  negaDve	  duraDon	  
•  Fast	  switching	  steering	  diode	  for	  posiDve	  duraDon	  

•  IF	  up	  to	  200mA,VR>70V,only	  consider	  
overshoot	  

•  Increment	  of	  capacitance	  effect	  to	  bandwidth	  
•  Different	  clamping	  voltage	  for	  different	  polarity	  
•  Reliability	  not	  considered	  carefully	  

•  Shorted	  or	  open	  when	  failed?	  



SL05T1G  spice  model  simula0on—DC  scan  
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•  Reverse	  leakage	  current	  is	  small,	  IR=20uA@5V	  
•  VBR=7V	  @	  Itest=1mA	  
•  Vc=8V@	  Itest=1A;	  	  	  
•  Vc=11V@Itest=5A	  



SL05T1G  simula0on-‐-‐Transient  response 

•  Input	  :	  Tr=1.5ns,	  Tf=10ns,w=1ns	  
•  Transient	  reverse	  performance	  is	  similar	  as	  DC	  
reverse	  biased	  
•  VBRt=7V@Itesn=28mA,	  Itesn=0.5A	  @Vct=7.5V	  
•  	  Before	  avalanche,	  equivalent	  to	  a	  	  
capacitor	  of	  about	  5pF(or	  Z=300)	  



ESD7361HT1G  simula0on—transient  response 

•  Transient	  performance	  is	  similar	  as	  DC	  reverse	  biased	  
•  Before	  avalanche	  equivalent	  to	  a	  	  capacitor	  of	  	  
around	  0.5	  pF(or	  Z=4K),	  higher	  Z	  than	  SL05,	  less	  
signal	  loss	  	  

•  VBRt=24.2V	  Itesn=6mA,	  Itesn=0.4A	  @	  Vct=24.5V	  
while	  having	  mini	  VBR=16.5V	  

•  Without	  typical	  VBR,	  not	  know	  variaDon,	  how	  to	  
select?	  



conclusion 
•  FEC	  preliminary	  result	  meets	  the	  basic	  requirement,	  	  test	  not	  
finished-‐-‐-‐-‐New	  package,	  and	  improvement	  
• MCP-‐PMT	  model	  need	  to	  be	  verified	  by	  experiment	  and	  refinement	  
•  TVS	  with	  Higher	  VBR	  is	  bener	  for	  protecDon,	  need	  tesDng	  and	  
selecDng	  	  
•  	   


