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Outline	  

•  Cold	  front-‐end	  motherboard	  (FEMB)	  
•  People	  and	  .meline	  
•  FEMB	  teststand	  and	  tes.ng	  procedure	  
•  Documenta.on	  
•  Lessons	  learned	  
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35ton	  FEMB	  
•  Analog	  motherboard	  

–  8	  16-‐channel	  front-‐end	  (FE)	  ASICs	  
•  Gain	  and	  signal	  shaping	  
•  MicroBooNE	  FE	  ASICs	  (had	  been	  

already	  tested	  for	  uBooNE)	  
–  8	  16-‐channel	  ADC	  ASICs	  

•  12-‐bit	  ADC	  at	  2	  MS/sec	  
•  V5	  ADC	  ASICs	  (prototypes)	  

•  FPGA	  mezzanine	  
–  Distribute	  clock/control/

configura.on	  to	  ASICs	  
–  Control	  can	  be	  either	  bi-‐direc.onal	  

I2C	  or	  PGP	  (to	  RCEs)	  
–  Transmit	  1.2	  Gbps	  data	  to	  warm	  

electronics	  (x4	  links)	  
–  Distribute	  internal	  calibra.on	  pulse	  

to	  FE	  ASICs	  
•  SERDES	  mezzanine	  (not	  shown)	  

–  SMA	  connectors	  to	  cold	  cable	  
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Personnel	  

•  BNL	  
–  Brian	  Kirby	  (post-‐doc)	  
– Ma4	  Worcester	  (50%	  .me)	  
–  Support	  from	  BNL	  Instrumenta.on	  team:	  Hucheng	  
Chen,	  Jack	  Fried,	  Veljko	  Radeka,	  Gianluigi	  
DeGeronimo,	  Neena	  Nambiar,	  Emerson	  Vernon	  
•  Instrumenta.on	  heavily	  invested	  in	  MicroBooNE	  during	  
tes.ng,	  many	  other	  commi4ments	  

•  Stony	  Brook	  
– Gabriel	  Santucci	  and	  Jay	  Hyun	  Jo	  (grad	  students)	  
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2015	  Timeline	  
•  January	  

–  Preliminary	  tests	  at	  room	  temperature	  with	  first	  assembled	  FEMBs	  at	  BNL	  
Instrumenta.on	  

–  Develop	  LN2	  tes.ng	  plan	  
•  February	  

–  Teststand	  setup	  in	  BNL	  Physics	  high-‐bay	  
–  First	  LN2	  tes.ng	  with	  “produc.on”	  FEMBs	  

•  Note	  that	  “produc.on”	  FEMBs	  for	  35ton	  are	  actually	  early	  prototypes	  
•  April	  

–  First	  lot	  of	  4	  FEMB	  sent	  to	  Fermilab	  
•  May	  

–  Second	  lot	  of	  8	  FEMB	  sent	  to	  Fermilab	  (replacing	  2	  of	  the	  first	  lot)	  
–  Work	  to	  debug	  and	  validate	  final	  few	  FEMB	  (mostly	  replacing	  ASICs	  that	  failed	  

in	  LN2)	  
•  July	  

–  Final	  6	  FEMBs	  sent	  to	  Fermilab	  (no	  spares)	  
•  August	  

–  Emergency	  replacement	  of	  one	  FEMB	  damaged	  during	  installa.on	  
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FEMB	  Teststand	  
•  I2C	  control	  done	  via	  the	  

“compact	  DAQ”	  from	  BNL	  
–  Laptop	  running	  a	  LabView	  

GUI	  using	  UDP	  over	  gig-‐E	  to	  
communicate	  with	  an	  Altera	  
Cyclone	  IV	  eval	  board	  

–  Two	  SMA	  cables	  for	  the	  bi-‐
direc.onal	  data	  and	  control	  
connected	  from	  eval	  board	  to	  
SERDES	  mezzanine	  

•  This	  interface	  was	  the	  
primary	  tes.ng	  tool	  
–  Used	  to	  diagnose	  problems	  

on	  FEMB	  in	  real-‐.me	  and	  
save	  data	  for	  later	  analysis	  
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Styrofoam	  “Dewar”	  

LV	  power	  supplies	  



“Compact	  DAQ”	  Tools	  
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Real-‐.me	  channel	  data	   Automated	  debugging	  tool	  

FPGA	  programming	  tool	  
ASIC	  SPI	  	  Programming	  	  



FEMB	  Teststand	  
•  PGP	  control	  was	  done	  on	  a	  Linux	  

desktop	  PC	  (RCE	  interface)	  
–  Op.cal	  fiber	  from	  SLAC	  PGP	  PCI	  

card	  to	  transceiver	  breakout	  board	  
(our	  “warm	  flange”)	  

–  16	  SMA	  cables	  from	  flange	  for	  4	  bi-‐
direc.onal	  high-‐speed	  links	  from	  
flange	  to	  SERDES	  mezzanine	  

•  PGP	  PCI	  quad	  transceiver	  board	  
–  FPGA	  emula.ng	  the	  RCE	  and	  

firmware	  from	  SLAC	  
–  We	  were	  not	  able	  to	  get	  it	  to	  take	  

reliable	  data	  over	  the	  high-‐speed	  
links	  (dropped	  packets,	  etc.)	  

•  Used	  to	  verify	  that	  all	  4	  high-‐
speed	  links	  could	  be	  established	  
and	  send	  data	  between	  PC	  and	  
cold	  FPGA	  
–  Data	  not	  valida.on	  quality	  
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Valida.on	  Procedure	  
•  Room	  temperature	  tes.ng	  

–  Each	  FEMB	  was	  assembled	  on	  
standoffs	  and	  visual	  inspec.on	  
was	  done	  

–  Full	  test	  of	  func.onality	  was	  
done	  up	  through	  data	  recorded	  
for	  noise	  and	  pulser	  sekngs	  
•  Several	  but	  usually	  not	  all	  FE	  

ASIC	  gain	  and	  shaping	  sekngs	  

•  1	  or	  2	  ASICs	  failed	  
–  Found	  to	  be	  pin	  solder	  problem	  

•  Immediately	  aler	  passing	  
room	  temperature	  valida.on,	  
FEMB	  cooled	  in	  styrofoam	  
Dewar	  in	  LN2	  over	  about	  15	  
minutes	  
–  LV	  power	  supplies	  completely	  

switched	  off	  

•  LN2	  tes.ng	  
–  Aler	  several	  minutes	  in	  LN2,	  

FEMB	  was	  powered	  on	  
–  All	  current	  draws	  carefully	  

checked	  
–  Repeat	  of	  full	  func.onality	  

tests	  
–  Data	  taken	  for	  all	  FE	  and	  ADC	  

ASIC	  sekngs	  
•  2	  ADC	  ASICs	  and	  17	  FE	  ASICs	  

failed	  in	  LN2	  and	  were	  
replaced	  

•  Aler	  LN2	  tests,	  board	  was	  
uncabled	  and	  quickly	  bagged	  
and	  allowed	  to	  warm	  up	  
slowly	  
–  Rechecked	  for	  damage	  once	  

warm	  
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Outcome	  of	  Tes.ng	  
•  16	  validated	  FEMB	  were	  available	  for	  35ton,	  but	  no	  spares	  

–  All	  FEMB	  func.onality	  passed	  warm	  and	  LN2	  tests	  
–  All	  FE	  and	  ADC	  ASICs	  func.onal	  in	  LN2	  –	  few	  %	  bad	  channels	  
–  Data	  taken	  with	  compact	  DAQ	  for	  all	  FE	  and	  ADC	  ASIC	  sekngs	  
for	  analysis	  

•  Concerns	  that	  mul.ple	  LN2	  cycles	  could	  damage	  FEMB	  
–  Once	  an	  FEMB	  passed	  all	  of	  the	  valida.on	  tests,	  it	  was	  not	  
repeat	  cycled	  in	  LN2	  

•  Small	  supply	  of	  FEMB,	  meant	  that	  we	  did	  not	  LN2	  cycle	  one	  
board	  repeatedly	  
–  Did	  not	  measure	  chance	  of	  FEMB	  failure	  on	  second	  cooldown	  
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	  Test	  Data	  Analysis	  
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All	  channels	  on	  all	  FEMB	  analyzed	  offline:	  
Distribu.ons	  made	  of	  baseline,	  RMS	  noise,	  and	  linearity	  for	  both	  warm	  and	  LN2	  
Bad	  channels	  iden.fied	  –	  most	  were	  already	  iden.fied	  during	  the	  ini.al	  real-‐.me	  
board	  tes.ng	  with	  the	  LabView	  GUI	  



35ton	  Test	  Summary	  
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Log	  files	  for	  each	  FEMB	  test	  were	  kept	  in	  
Google	  docs,	  entered	  by	  hand.	  
No	  suite	  of	  QC	  solware	  or	  database	  was	  
developed	  to	  automa.cally	  save	  records.	  



Analog	  Motherboards	  
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•  35ton	  required	  16	  FEMBs,	  4	  per	  APA	  
•  19	  total	  analog	  motherboards	  produced	  (one	  pre-‐produc.on)	  and	  18	  tested	  

•  16	  analog	  motherboards	  passed	  final	  tes.ng	  
•  Ul.mately	  one	  “bad”	  analog	  motherboard	  installed	  in	  35ton	  

•  A8	  had	  one	  FE	  ASIC	  that	  intermi4ently	  failed	  during	  power	  up	  in	  LN2	  
•  Was	  rushed	  to	  replace	  A11	  when	  that	  board	  was	  damaged	  during	  installa.on	  



FPGA	  Mezzanines	  
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•  35ton	  required	  16	  FEMBs,	  4	  per	  APA	  
•  19	  total	  FPGA	  motherboards	  ini.ally	  produced	  and	  tested	  
•  6	  more	  assembled	  when	  4	  ini.al	  mezzanines	  failed	  to	  program	  the	  FPGA	  in	  LN2	  

•  18	  mezzanines	  passed	  final	  tes.ng	  (2	  spares)	  



Final	  Status	  Summary	  
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Final	  status	  record	  for	  each	  analog+FPGA	  pair	  includes	  LN2	  tes.ng	  record,	  warm	  retes.ng,	  
valida.on	  data	  loca.on,	  data	  analysis,	  and	  installa.on	  status	  



Lessons	  Learned	  
•  Manpower	  was	  low	  

–  No	  full-‐.me	  physicist	  was	  commi4ed	  to	  lead	  effort	  
–  Slowed	  ramp	  up	  and	  tes.ng	  effort	  

•  Time	  was	  very	  short	  
–  Electronics	  were	  already	  behind	  schedule	  when	  produc.on	  boards	  

were	  ready	  for	  tes.ng	  
–  Physicists	  not	  have	  .me	  to	  study	  FEMB	  performance	  in	  detail	  
–  Focus	  of	  physicist	  tes.ng	  was	  to	  get	  16	  opera.onal	  FEMB	  to	  Fermilab	  

as	  quickly	  as	  possible	  
•  Single	  bad	  channels	  not	  cataloged	  and	  studied	  
•  Noise	  tests	  with	  wire	  capacitance	  and	  careful	  shielding	  and	  grounding	  were	  

not	  implemented	  
•  Most	  common	  problems	  (FPGA	  programming	  over	  JTAG	  failure,	  bad	  ASICs	  in	  

LN2)	  were	  not	  studied,	  parts/ASICs	  were	  simply	  replaced	  
–  Result	  was	  FEMB	  installed	  without	  detailed	  understanding	  by	  

physicists	  
•  Did	  not	  prepare	  35ton	  for	  noise	  issues	  found	  in	  the	  detector	  
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Lessons	  Learned	  
•  QA/QC	  plan	  not	  sufficient	  

–  Did	  not	  develop	  an	  automa.c	  tes.ng	  procedure	  and	  database	  
•  Finding	  problems	  and	  keeping	  records	  during	  tes.ng	  relied	  on	  careful	  a4en.on	  from	  

testers,	  some	  records	  were	  found	  to	  be	  incomplete	  	  
•  Could	  usually	  reconstruct	  what	  happened	  with	  later	  data	  analysis…	  
•  But	  one	  FEMB	  with	  known	  bad	  ASICs	  was	  delivered	  to	  Fermilab	  and	  had	  to	  be	  returned	  

to	  BNL	  for	  replacement	  
–  LabView	  DAQ	  was	  cumbersome	  

•  Required	  lots	  of	  bu4on	  pushing	  to	  change	  FE	  and	  ADC	  ASIC	  sekngs	  and	  program	  SPI	  
•  Easy	  to	  make	  mistakes	  and	  get	  sekngs	  wrong	  
•  These	  errors	  were	  usually	  found	  in	  data	  analysis	  later	  

–  No	  tests	  with	  mul.ple	  FEMB	  on	  actual	  APA	  or	  mechanical	  mockup	  was	  done	  
•  Did	  not	  prepare	  35ton	  for	  warping	  under	  mechanical	  stress	  in	  LAr	  

•  Communica.on	  to	  35ton	  collabora.on	  was	  ineffec.ve	  
–  Updates	  were	  given	  to	  the	  LBNE	  cold	  electronics	  group	  

•  A4endance	  from	  both	  design	  experts	  and	  35ton	  leadership	  at	  these	  mee.ngs	  was	  low	  
–  Physicists	  tes.ng	  should	  have	  done	  a	  be4er	  job	  of	  regular	  repor.ng	  to	  a	  wider	  

audience	  
–  Result	  was	  35ton	  leadership	  had	  some	  nasty	  surprises	  (i.e.	  stuck	  ADC	  codes)	  
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Conclusions	  

•  16	  fully	  validated	  FEMB	  were	  available	  for	  35ton,	  
but	  no	  spares	  

•  Cri.cal	  effort	  from	  BNL	  Instrumenta.on	  to	  
produce	  the	  FEMB	  

•  From	  the	  point	  of	  view	  of	  the	  physicists,	  
important	  lessons	  learned	  regarding:	  
–  Time	  required	  to	  produce	  and	  test	  cold	  electronics	  
– Developing	  and	  implemen.ng	  QA/QC	  plan	  
–  Communica.ng	  to	  design	  experts	  and	  collabora.on	  
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