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iLGAD Basics 

o  Implemen%ng	
  a	
  Small	
  Signal	
  Gain	
   in	
  Pad,	
  microStrip	
  and	
  Pixelated	
  Sensors	
  
can	
   reduce	
   the	
   Thickness	
   of	
   the	
   sensors	
   without	
   reducing	
   the	
   Signal	
  
Amplitude,	
   keeping	
   the	
   same	
   signal	
   to	
   noise	
   ra%o	
   (SNR)	
   	
   	
   Timing	
  
Applica#ons	
  

o  Our	
  Target:	
  A	
  rela%vely	
  Small	
  Signal	
  Gain	
  (5-­‐10)	
  needed	
  to	
  allow	
  the	
  use	
  of	
  
standard	
  readout	
  front-­‐end	
  without	
  Signal	
  Satura#on	
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iLGAD Basics. Low Gain Detector 

Electric Field @ 400 V 

N+ 

P 

π 

o  Core	
  Region	
  
ü  Uniform	
  electric	
  field,	
  high	
  enough	
  to	
  ac%vate	
  mechanism	
  of	
  impact	
  ioniza#on	
  

(mul%plica%on)	
  
o  Termina#on	
  

ü  High	
  electric	
  field	
  confined	
  in	
  the	
  core	
  region	
  
o  Periphery	
  

ü  Dead	
  region.	
  Charges	
  should	
  not	
  be	
  collected.	
  Reduc#on	
  of	
  the	
  leakage	
  currents	
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First Approach. Strip LGAD. Segmented Amplification 

o  N	
  on	
  P	
  microStrips.	
  PiN	
  vs	
  LGAD	
  

P-Stop P-Multiplication 

N+ Cathode 

Aluminum Passivation 

N on P microStrip LGAD 

N on P microStrip PiN 
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First Approach. Strip LGAD. Segmented Amplification 

o  Several	
  layouts	
  with	
  different	
  p-­‐well	
  width	
  and	
  n-­‐well	
  depth	
  were	
  fabricated	
  
o  Most	
  of	
  them	
  had	
  low	
  breakdown	
  voltage	
  and	
  high	
  inverse	
  current	
  
o  Two	
  new	
  runs	
  with	
  op#mized	
  p-­‐well	
  engineering	
  just	
  fabricated	
  (7509,	
  7859)	
  

ü  First	
  prototypes	
  characteriza%on	
  on	
  going	
  

o  Key	
  Legend	
  
ü  AA-­‐BB-­‐CC-­‐DD-­‐EE	
  
ü  AA,	
  Channels	
  
ü  BB,	
  Pixel	
  Size	
  

ü  CC,	
  Mul%plica%on	
  Width	
  
ü  DD,	
  P-­‐Stop	
  Width	
  
ü  EE,	
  P-­‐Stop	
  Posi%on	
  32.160.112.06.12 

32.160.100.06.24 

64.80.32.06.12 

64.80.20.06.24 
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Second Approach. P on P Strip iLGAD: The “Inverted” LGAD 

o  Double-­‐sided	
  LGAD	
  with	
  pad-­‐like	
  mul#plica#on	
  structure	
  in	
  the	
  back-­‐side	
  and	
  
ohmic	
  read	
  out	
  strips,	
  or	
  pixels,	
  in	
  the	
  front-­‐side	
  

o  N	
  on	
  P	
  vs	
  P	
  on	
  P	
  LGAD	
  microStrips	
  Comparison	
  

N on P microStrip P on P microStrip 

iLGAD	
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P-type (π)substrate 

N+ Cathode 

P+ Strip 

JTE P-type multiplication layer 

P+ Extraction 
Ring 

P+ Extraction 
Ring 

300 µm 

5 mm 

P+ Strip P+ Strip P+ Strip 

P Stop P Stop 

Second Approach. P on P Strip iLGAD: The “Inverted” LGAD 

o  Double-­‐sided	
  LGAD	
  with	
  pad-­‐like	
  mul#plica#on	
  structure	
  in	
  the	
  back-­‐side	
  and	
  
ohmic	
  read	
  out	
  strips,	
  or	
  pixels,	
  in	
  the	
  front	
  side	
  

o  First	
  Design	
  and	
  Run.	
  Include	
  Pads,	
  microStrips	
  and	
  pixelated	
  iLGADs	
  

iLGAD	
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P on P Silicon Detectors. Background 

o  1978	
  United	
  States	
  Patent.	
  Paul	
  P.	
  Webb.	
  RCA	
  Inc.	
  “Mul%-­‐element	
  avalanche	
  
photodiode	
  having	
  reduced	
  electrical	
  noise”	
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P on P Silicon Detectors. Background 

o  1987	
  United	
  States	
  Patent.	
  Paul	
  P.	
  Webb	
  et	
  al.	
  RCA	
  Inc.	
  “Avalanche	
  photodiode”	
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P-type (π)substrate 

N+ Cathode 

P+ Strip 

JTE P-type multiplication layer 

P+ Extraction 
Ring 

P+ Extraction 
Ring 

300 µm 

5 mm 

P+ Strip P+ Strip P+ Strip 

P Stop P Stop 

Second Approach. P on P Strip iLGAD: The “Inverted” LGAD 

o  Double-­‐sided	
  LGAD	
  with	
  pad-­‐like	
  mul#plica#on	
  structure	
  in	
  the	
  back-­‐side	
  and	
  
ohmic	
  read	
  out	
  strips,	
  or	
  pixels,	
  in	
  the	
  front	
  side	
  

o  First	
  Prototype.	
  Pads,	
  microStrips	
  and	
  pixelated	
  LGADs	
  

iLGAD	
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iLGAD. P on P MicroStrips. 2D Simulation 

o  Three	
  microStrips.	
  Electric	
  Field	
  Distribu%on:	
  Maximum	
  value	
  @	
  P-­‐N	
  Junc#ons	
  	
  

STRIP LGAD STRIP iLGAD 
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o  Three	
  microStrips.	
  I(V)	
  

AC3: W=24 µm 
AC6: W=48 µm 

300 µm thick 

iLGAD. P on P MicroStrips. 2D Simulation 
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o  MIP	
  through	
  the	
  middle	
  of	
  the	
  sensors	
  (the	
  central	
  strip).	
  AC6	
  Inverse	
  Detector	
  	
  

iLGAD. P on P MicroStrips. 2D Simulation 

300 µm thick 

AC6: W=48 µm 
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o  MIP	
  through	
  the	
  middle	
  of	
  the	
  sensors	
  (the	
  central	
  strip)	
  @	
  500	
  V	
  

AC3: W=24 µm 
AC6: W=48 µm 

300 µm thick 

iLGAD. P on P MicroStrips. 2D Simulation 
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o  MicroStrips	
  Simula%on.	
  Electric	
  Field	
  2D	
  Distribu%on	
  @	
  VBR	
  

20 µm thin detector 

50 µm thin detector 

iLGAD. P on P MicroStrips. 2D Simulation 
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o  MIP	
  through	
  the	
  middle	
  of	
  the	
  sensors	
  (central	
  strip)	
  @	
  100	
  V	
  	
  

50 µm thick substrate 

iLGAD 

STANDARD 

iLGAD. P on P MicroStrips. 2D Simulation 
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o  MicroStrips	
  I(V).	
  Breakdown	
  performances	
  limited	
  by	
  Thickness	
  

iLGAD. P on P MicroStrips. 2D Simulation 
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iLGAD. First Mask Set Description. Integrated Devices 

o  113	
  LGAD	
  Pad	
  Detectors	
  
ü  12	
  (8	
  x	
  8	
  mm	
  mult	
  area)	
  
ü  49	
  (3	
  x	
  3	
  mm	
  mult	
  area)	
  
ü  52	
  (1	
  x	
  1	
  mm	
  mult	
  area)	
  

o  17	
  PiN	
  Detectors	
  
ü  2	
  (8	
  x	
  8	
  mm	
  ac%ve	
  area)	
  
ü  5	
  (3	
  x	
  3	
  mm	
  ac%ve	
  area)	
  
ü  10	
  (1	
  x	
  1	
  mm	
  ac%ve	
  area)	
  

o  8	
  iLGAD	
  pStrips	
  Detectors	
  
ü  4	
  (45	
  Channels)	
  
ü  4	
  (90	
  Channels)	
  

o  2	
  PiN	
  pStrips	
  Detectors	
  
ü  1	
  (45	
  Channels)	
  
ü  1	
  (90	
  Channels)	
  

o  6	
  Pixelated	
  iLGAD	
  Detector	
  (6	
  x	
  6	
  pixels)	
  
o  4	
  Pixelated	
  iLGAD	
  MediPix	
  Detector	
  (145	
  x	
  145	
  

pixels)	
  
o  6	
  iLGAD	
  for	
  Timing	
  Applica%ons	
  

ü  3	
  (720	
  µm	
  to	
  cut	
  line)	
  
ü  3	
  (370	
  µm	
  to	
  cut	
  line)	
  

o  4	
  Specific	
  Test	
  Structure	
  (SPR,SIMS,XPS)	
  
o  16	
  CNM	
  Test	
  Structures	
  (Microsec%on,	
  CBR,	
  Kelvin,	
  

Capacitors,	
  Diodes)	
  

o  176	
  Chips	
  
ü  44	
  (10	
  x	
  10	
  mm,	
  total	
  area)	
  
ü  56	
  (5	
  x	
  5	
  mm,	
  total	
  area)	
  
ü  76	
  (3.3	
  x	
  3.3	
  mm,	
  total	
  area)	
  

iLGAD	
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iLGAD. First Mask Set Description. LGAD, PiN Pad 

o  113	
  LGAD	
  Pad	
  Detectors	
  
ü  12	
  (8	
  x	
  8	
  mm	
  mult	
  area)	
  
ü  49	
  (3	
  x	
  3	
  mm	
  mult	
  area)	
  
ü  52	
  (1	
  x	
  1	
  mm	
  mult	
  area)	
  

o  17	
  PiN	
  Detectors	
  
ü  2	
  (8	
  x	
  8	
  mm	
  ac%ve	
  area)	
  
ü  5	
  (3	
  x	
  3	
  mm	
  ac%ve	
  area)	
  
ü  10	
  (1	
  x	
  1	
  mm	
  ac%ve	
  area)	
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iLGAD. First Mask Set Description. iLGAD, PiN µStrips 

o  8	
  iLGAD	
  pStrips	
  Detectors	
  
ü  4	
  (45	
  Channels)	
  
ü  4	
  (90	
  Channels)	
  

o  2	
  PiN	
  pStrips	
  Detectors	
  
ü  1	
  (45	
  Channels)	
  
ü  1	
  (90	
  Channels)	
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iLGAD. First Mask Set Description. iLGAD Pixels 

o  6	
  Pixelated	
  iLGAD	
  Detector	
  
(6	
  x	
  6	
  pixels)	
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iLGAD. First Mask Set Description. iLGAD Pixels MediPix 

o  4	
  Pixelated	
  iLGAD	
  MediPix	
  
Detector	
  (145	
  x	
  145	
  pixels)	
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iLGAD. First Mask Set Description. iLGAD Timing 

o  6	
  iLGAD	
  for	
  Timing	
  Applica%ons	
  
ü  3	
  (720	
  µm	
  to	
  cut	
  line)	
  
ü  3	
  (370	
  µm	
  to	
  cut	
  line)	
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iLGAD. First Mask Set Description. Test Structures 
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iLGAD. First Fabrication Process 

o  Double	
  Side	
  Technological	
  Process	
  
o  12	
  Photolithographic	
  Levels	
  
o  100	
  Process	
  Steps	
  
o  4-­‐5	
  Months	
  

o  More	
  Cri#cal	
  Step	
  
ü  Mul#plica#on	
  Layer	
  Forma%on	
  

Ø  Boron	
  Implanta%on	
  100	
  keV	
  @	
  
1.8,	
  1.9	
  and	
  2.0E13	
  atoms/cm2	
  

Ø  Drive-­‐in	
  

Si P 

1 - Field Oxide 

: Si : Aluminum 
: Passivation 

: Si p+ 
: Si n+ : Oxide 

8 - Passivation 7 - Metallization 

5 - N+ & P+ Wells 4 - Multiplication Well 6 - Contacts 

3 - Junction Termination Extension 2 - P Channel + P Stop 
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Conclusions 
 

o  First	
  Technological	
  Developments	
  @	
  CNM	
  
o  iLGAD.	
  Low	
  Gain	
  P	
  on	
  P	
  Detector	
  

ü  Posi%on-­‐Sensi%ve	
  
ü  Timing	
  

o  Double-­‐Sided	
  LGAD	
  
ü  Pad	
  LGAD	
  @	
  Back-­‐side	
  
ü  Ohmic	
  Read	
  Out	
  @	
  Front-­‐side	
  

o  Simula%on	
  
ü  Op%miza%on	
  

Ø  Technological	
  
Ø  Electrical	
  
Ø  Thinner	
  Substrates	
  for	
  Timing	
  

o  First	
  Mask	
  Set	
  
ü  microStrips	
  
ü  Pixels	
  

o  First	
  iLGAD	
  Prototypes	
  
ü  12	
  Mask	
  
ü  100	
  Steps	
  
ü  4-­‐5	
  Months	
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Thank	
  you	
  for	
  your	
  aden#on	
  !!!!	
  


