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•  Resistive divider chain overview 
•  QC procedures and documentation  
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ProtoDUNE-SP Field Cage (FC) 
Geometry 
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Top	  +	  bo'om	  FC:	  
3	  panels	  wide	  per	  dri6	  volume	  
with	  mounted	  ground	  plane	  
Total	  quan=ty:	  12	  

Endwall	  FC:	  
4	  panels	  high	  per	  dri6	  volume	  
Total	  quan=ty:	  16	  

Major	  mechanical	  units:	  
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Top	  panel:	  	  	  Quan=ty:	  4	  
ProtoDUNE-SP Field Cage Endwall Panels 

baseline	  panel:	  Quan=ty:	  11	  

beamplug	  panel:	  Quan=ty:	  1	  

Fiber	  reinforced	  plas=c	  (FRP)	  	  
box	  beams	  and	  plates	  

Al-‐field	  shaping	  profiles	  
with	  plas=c	  endcaps	  
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Per	  FC	  endwall	  panel:	  	  	  	  
7	  regular	  R-‐divider	  boards	  
1	  short	  à	  but	  combine	  all	  4	  short	  
boards	  on	  lowest	  panel	  	  
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Top	  panel:	  
Quan=ty:	  6	  

ProtoDUNE-SP FC Top/Bottom Panels 

bo'om	  panel:	  
Quan=ty:	  6	  

Side	  view:	  

Al-‐field	  shaping	  profiles	  
with	  plas=c	  endcaps	  

SS	  ground	  planes	  

FRP	  I-‐beams	  and	  L-‐brackets	  

Per	  FC	  top/bo'om	  panel:	  	  	  	  
7	  regular	  R-‐divider	  boards	  
1	  short	  	  
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Resistive Divider Chain

Built R-divider boards:  
•  8 steps per regular board 
•  2 steps per short board 
•  Per step: 

–  3 varistors in series 
–  2 resistors in parallel 

 
à  Developed and commissioned component test stand 
à  Automated measurement procedure and data logging 

à  performed measurements and analyzed data 
à  Defined component QC criteria 

Divider	  boards	  can	  be	  mounted	  at	  different	  lateral	  
posi=ons	  along	  the	  metal	  profiles.	  	  Boards	  are	  
staggered	  to	  provide	  a	  con=nuous	  chain.	  	  	  

Boards	  a'ached	  with	  brass	  screw	  to	  SS	  nut	  in	  profile	  

3D	  model	  
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Board QC Measurements + Documentation 

*MOV	  pos	  measured	  from	  le6	  to	  right	  of	  each	  goup	  
*Resistor	  pos	  measured	  from	  top	  to	  bo'om	  on	  each	  group	  

Board	  Layout	  

LSU	   Resistor	  pos	  1	  (R1)	   Resistor	  pos	  1	  (R3)	   Resistor	  pos	  1	  (R5)	   Resistor	  pos	  1	  (R7)	   Resistor	  pos	  1	  (R9)	   Resistor	  pos	  1	  (R11)	   Resistor	  pos	  1	  (R13)	   Resistor	  pos	  1	  (R15)	   	  	  

physics	  
MOV	  pos	  
3	   	  	  

MOV	  pos	  
3	   	  	   MOV	  pos	  3	   	  	   MOV	  pos	  3	   	  	   MOV	  pos	  3	   	  	   MOV	  pos	  3	   	  	   MOV	  pos	  3	   MOV	  pos	  3	   	  	  

&	   MOV	  pos	  2	   	  	   MOV	  pos	  2	   	  	   MOV	  pos	  2	   	  	   MOV	  pos	  2	   	  	   MOV	  pos	  2	   	  	   	  	   MOV	  pos	  2	   	  	   MOV	  pos	  2	   	  	   MOV	  pos	  2	   	  	   	  	  
Astronom
y	   MOV	  pos	  1	   MOV	  pos	  1	   MOV	  pos	  1	   MOV	  pos	  1	   MOV	  pos	  1	   	  	   MOV	  pos	  1	   MOV	  pos	  1	   	  	   MOV	  pos	  1	   	  	   	  	  
	  	   Resistor	  pos	  2	  (R2)	   Resistor	  pos	  2	  (R4)	   Resistor	  pos	  2	  (R6)	   Resistor	  pos	  2	  (R8)	   Resistor	  pos	  2	  (R10)	   Resistor	  pos	  2	  (R12)	   Resistor	  pos	  2	  (R14)	   Resistor	  pos	  2	  (R16)	   board	  #	  

group	  1	  (-‐1)	   group	  2	  (-‐2)	   group	  3	  (-‐3)	   group	  4	  (-‐4)	   group	  5	  (-‐5)	   group	  6	  (-‐6)	   group	  7	  (-‐7)	   group	  8	  (-‐8)	  

à	  For	  all	  R-‐divider	  boards	  and	  steps	  
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QC	  procedure:	  
Measure	  voltage	  drop	  for	  each	  individual	  stage,	  	  
convert	  to	  current,	  calculate	  equivalent	  	  
resistance	  RA	  (nominal:	  500	  MΩ)	  
Results:	  	  see	  spreadsheet	  on	  right	  



Board QC Measurements + Documentation 

à	  For	  all	  R-‐divider	  boards	  and	  steps	  
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QC	  procedure:	  
Measure	  voltage	  drop	  for	  each	  individual	  stage,	  	  
convert	  to	  current,	  calculate	  equivalent	  	  
resistance	  RA	  (nominal:	  500	  MΩ)	  
Results:	  	  see	  spreadsheet	  on	  right	  

Data	  and	  procedure	  available	  in	  
DUNE	  doc-‐db	  4400	  
•  Pre-‐shipment	  measurements	  
•  Post-‐shipment/pre-‐installa=on	  	  
	  	  	  	  	  measurements	  (not	  yet	  posted)	  
à	  Good	  agreement	  
	  	  



Mounting of Resistive Divider Boards  

9

Mechanical	  strength	  test	  of	  connec>on	  (at	  RT	  and	  LN):	  
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Washer	  to	  bridge	  gap	  

For	  top/bo'om	  panels:	  	  
in	  addi=on	  used	  spring	  washer	  between	  screw	  head	  and	  flat	  washer	  	  	  
	  

Moun=ng	  Procedure	  in	  	  
DUNE	  doc-‐db	  4010	  

Performed	  mechanical	  stability	  tests	  of	  connec=on	  
at	  RT	  and	  a6er	  cooling	  to	  LN	  
à	  No	  loosening	  of	  connec=on	  observed	  	  



Final Board QC Measurements 

à	  For	  all	  mounted	  R-‐divider	  boards	  and	  steps	  
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QC	  procedure:	  
à  Use	  Keithley	  mul=meter	  for	  resistance	  measurement	  
à  20V	  across	  step	  under	  test,	  other	  profiles	  grounded	  
à  Measurement	  precision	  of	  1	  MOhm	  



Other FC Internal Connections 
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FC	  endwall	  panel	  to	  panel	  interface	  

Single	  hole	  slip	  nuts	  
Interconnec=ng	  cable	  

Profile	  1	  connec=on	  on	  cathode	  side:	  

Profile	  57	  +	  58	  connec=on	  on	  anode	  side:	  



Summary and Conclusion 
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•  Resis=ve	  divider	  boards	  have	  been	  and	  con=nue	  to	  be	  extensively	  tested	  
•  Electrical	  and	  mechanical	  connec=ons	  

	  

•  Resis=ve	  divider	  board	  moun=ng	  status	  
•  Complete	  for	  top	  and	  bo'om	  FC	  panels	  
•  Started	  Monday	  for	  FC	  endwalls	  

à	  To	  date,	  no	  issues	  found	  during	  QC	  checks	  
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Resistive Divider Board

RD:	  SM104FE-‐1000M,	  	  	  MOV:	  ERZ-‐V14D182	  

•  We	  need	  to	  use	  3	  such	  varistors	  in	  series	  between	  profiles	  if	  we	  want	  to	  
have	  the	  ability	  to	  reach	  more	  than	  500V/cm	  dri6	  field	  in	  ProtoDUNE.	  	  

•  Two	  resistors	  in	  parallel	  to	  provide	  redundancy.	  	  
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Large Scale Component QC and test stand

à Can	  stack	  up	  to	  5	  PCBs	  high,	  each	  with	  16	  MOVs	  	  
	  	  	  	  	  	  or	  resistors	  è	  80	  devices	  per	  setup	  
à have	  mul=ple	  mechanical	  mounts	  
à Selected	  resistors	  and	  varistors	  that	  are	  within	  2	  sigma	  
à For	  the	  en=re	  popula=on	  (well	  within	  the	  1%	  absolute	  
Tolerance	  Specifica=on)	  

Par=ally	  populated	  test	  stand	  

Components	  are	  individually	  bagged	  
and	  serialized	  

Tested	  »8000	  MOV	  and	  »4000	  resistors	  

	  
Status:	  
Assembled	  +	  cleaned	  boards	  and	  	  
Performed	  QC	  on	  each	  step	  

Subset	  of	  divider	  boards	  exposed	  to	  sparks	  
in	  dedicated	  discharge	  setup	  at	  Yale	  Univ.	  and	  also	  
in	  35t	  HV	  test	  setup	  
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