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Pad	
  diodes,	
  strips,	
  strixel,	
  MOS....	
  In	
  n-­‐type	
  und	
  p-­‐type	
  
(with	
  P-­‐spray	
  and	
  P-­‐stop):	
  
• 	
  Float	
  Zone	
  (120	
  µm,	
  200	
  µm,	
  320	
  µm)	
  
• 	
  Magne;c	
  Czochralski	
  (200	
  µm)	
  
• 	
  Epitaxically	
  grown	
  (50	
  µm,	
  70	
  µm,	
  100	
  µm)	
  

Irradia4on	
  campaign:	
  
• 	
  1	
  MeV	
  neutrons	
  at	
  TRIGA	
  Reactor,	
  Ljubljana	
  
• 	
  25	
  MeV	
  protons	
  at	
  KIT,	
  Karlsruhe	
  

Measurements:	
  
Capacitance-­‐Voltage	
  (C-­‐V)	
  &	
  Current-­‐Voltage	
  
Characteris4cs	
  (I-­‐V),	
  Charge	
  collec4on	
  efficiency	
  
	
  (CCE),	
  Transient	
  current	
  technique	
  (TCT),	
  Si-­‐
Defektanalysen	
  (DLTS,	
  TSC)	
  

Test-­‐sensors	
  for	
  future	
  CMS	
  tracking	
  detectors	
  

Aim:	
  Complete	
  characterisa4on	
  of	
  available	
  silicon	
  materials	
  and	
  
sensor	
  designs	
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“Macroscopic”	
  diode	
  proper4es	
  

C-­‐V	
  measurement	
  of	
  p-­‐type	
  FZ	
  

320	
  µm	
  	
  

• 	
  320	
  µm:	
  “ideal”	
  C-­‐V	
  curve	
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“Macroscopic”	
  diode	
  proper4es	
  

• 	
  320	
  µm:	
  ideale	
  C-­‐V	
  Kurve	
  
• 	
  200	
  µm:	
  kein	
  Plateau	
  

200	
  µm	
  	
  

320	
  µm	
  	
  

C-­‐V	
  measurement	
  of	
  p-­‐type	
  FZ	
  

• 	
  320	
  µm:	
  “ideal”	
  C-­‐V	
  curve	
  
• 	
  200	
  µm:	
  no	
  plateau	
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“Macroscopic”	
  diode	
  proper4es	
  

120	
  µm	
  	
  

200	
  µm	
  	
  

320	
  µm	
  	
  

C-­‐V	
  measurement	
  of	
  p-­‐type	
  FZ	
  

• 	
  320	
  µm:	
  “ideal”	
  C-­‐V	
  curve	
  
• 	
  200	
  µm:	
  no	
  plateau	
  
• 	
  120	
  µm:	
  no	
  plateau	
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“Macroscopic”	
  diode	
  proper4es	
  

120	
  µm	
  	
  

200	
  µm	
  	
  

320	
  µm	
  	
  

• 	
  Unusual	
  high	
  currents	
  for	
  
	
  	
  	
  thin	
  diodes	
  

C-­‐V	
  measurement	
  of	
  p-­‐type	
  FZ	
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320	
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  curve	
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“Macroscopic”	
  diode	
  proper4es	
  

120	
  µm	
  	
  

200	
  µm	
  	
  

320	
  µm	
  	
  
120	
  µm	
  	
  

200	
  µm	
  	
  

320	
  µm	
  	
  

C-­‐V	
  measurement	
  of	
  p-­‐type	
  FZ	
  

• 	
  Process	
  induced	
  defects:	
  Thermal	
  donors,	
  stacking	
  faults?	
  
• 	
  Surface	
  or	
  „edge“	
  effects	
  (not	
  probable)	
  

Possible	
  reasons:	
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Doping	
  profile	
  

Neff	
  –	
  depth	
  profile	
  from	
  C-­‐V	
  characteris4cs	
  

€ 

d(1/C2)
dV

= −
2

A2εε0q0 Neff

Calcula4on	
  of	
  depth	
  profile	
  via:	
  

320	
  µm	
  	
  

N	
  
P	
  

Front	
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Doping	
  profile	
  

Neff	
  –	
  depth	
  profile	
  from	
  C-­‐V	
  characteris4cs	
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2
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Calcula4on	
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  depth	
  profile	
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P	
  Neff	
  –	
  Depth	
  profile	
  

Front	
  

N-­‐Typ	
  Sensoren:	
  
• 	
  Ans4eg	
  der	
  Do4erung	
  in	
  Richtung	
  	
  	
  	
  	
  	
  	
  
	
  	
  Rückimplanta4on	
  
P-­‐Typ	
  Sensoren:	
  	
  
• 	
  Do4erungsabfall	
  an	
  der	
  Rückimplanta4on	
  

Insbesondere	
  bei	
  dünnen	
  Dioden	
  

N-­‐type	
  sensors:	
  
• 	
  Increase	
  of	
  doping	
  concentra4on	
  towards	
  
• 	
  rear	
  side	
  implanta4on	
  
P-­‐type	
  sensors:	
  	
  
• 	
  Decrease	
  of	
  doping	
  concentra4on	
  at	
  rear	
  
	
  	
  side	
  implanta4on	
  

Pronounced	
  effect	
  in	
  thin	
  sensors	
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Inhomogeneous	
  doping	
  profiles	
  in	
  thin	
  diodes	
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Inhomogeneous	
  doping	
  profiles	
  in	
  thin	
  diodes	
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Impact	
  of	
  defects	
  on	
  detector	
  proper4es	
  

+
Donor

Acceptor

(a) (b) (c)

energy
 levels

band gap

conduction band

valence band

EC

EV

trapping generation &
recombination 

electrons

holes

donor & acceptor 
generation

Determined	
  by	
  Shockley-­‐Read-­‐Hall	
  sta4s4cs	
  

Charged	
  defects	
  (at	
  RT)	
  	
  
➔	
  Neff	
  ,	
  Vdep	
  

(Acceptors	
  in	
  the	
  lower	
  half	
  
and	
  donors	
  in	
  the	
  upper	
  half	
  of	
  
the	
  band	
  gap)	
  

Deep	
  defects	
  
➔	
  CCE	
  
(Shallow	
  defects	
  do	
  
not	
  contribute	
  due	
  to	
  
detrapping)	
  

Levels	
  close	
  to	
  midgap	
  
➔	
  Ileak	
  (NOISE)	
  
(Defect	
  levels	
  close	
  to	
  midgap	
  most	
  
effec4ve)	
  
➔	
  Cooling	
  during	
  opera4on	
  helps!	
  

EG/2	
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Process	
  induced	
  material	
  defects	
  

DLTS	
  
Crystal	
  defects	
  in	
  FZ	
  silicon	
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  in	
  p-­‐type:	
  Current	
  generator	
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  0.44	
  eV	
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  of	
  pos.	
  space	
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H(220K)	
  generates	
  current	
  

I-­‐V	
  measurements	
   DLTS	
  measurements	
  

• 	
  Defect	
  concentra4on	
  scales	
  with	
  current	
  genera4on	
  
• 	
  Defects	
  explain	
  diode	
  proper4es!	
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Influence	
  of	
  the	
  E(61K)	
  donor	
  

Influence	
  of	
  E(61K)	
  donor:	
  
Reduces	
  Neff	
  in	
  p-­‐type	
  material	
  
Increase	
  of	
  Neff	
  	
  in	
  n-­‐type	
  material	
  

Neff	
  doping	
  profile	
  of	
  p-­‐type	
  FZ	
  from	
  C-­‐V	
   Defects	
  in	
  p-­‐type	
  

Deep	
  diffusion	
  process	
  introduces	
  donor	
  with	
  influence	
  on	
  Neff	
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Depth	
  profile	
  of	
  the	
  E(61K)	
  defect	
  

Concentra4on	
  of	
  E(61K)	
  from	
  DLTS	
  

• 	
  Increase	
  of	
  concentra4on	
  of	
  
	
  	
  	
  E(61K)	
  towards	
  the	
  rear	
  side	
  
• 	
  [E(61K)]	
  +	
  Neff	
  from	
  C-­‐V	
  (FZ	
  
	
  	
  	
  diode	
  with	
  d=320	
  µm)	
  

• 	
  Results	
  reproduce	
  Neff	
  from	
  C-­‐V	
  
for	
  diode	
  with	
  d=120	
  µm	
  

E(62K)	
  responsible	
  for	
  inhomegeneity	
  at	
  rear	
  side!	
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Summary	
  

• 	
  Diodes	
  manufactured	
  with	
  new	
  process	
  in	
  n-­‐	
  	
  and	
  p-­‐type	
  FZ	
  Si	
  

	
  	
  	
  exhibit	
  strange	
  correla4on	
  of	
  diode	
  thickness	
  and	
  

• 	
  effec4ve	
  doping	
  concentra4on	
  
• 	
  current	
  genera4on	
  

• 	
  Material	
  defects	
  introduced	
  by	
  deep	
  diffusion	
  process	
  	
  

	
  	
  	
  were	
  observed	
  by	
  means	
  of	
  DLTS	
  

• 	
  Bulk	
  defects	
  explain	
  
• 	
  Neff	
  	
  profile	
  

• 	
  high	
  current	
  in	
  thin	
  sensors	
  (not	
  the	
  satura4on	
  behaviour)	
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MCz:	
  Doping	
  profile	
  from	
  C-­‐V	
  measurements	
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Influence	
  of	
  defects	
  on	
  the	
  doping	
  profile	
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Influence	
  of	
  defects	
  on	
  the	
  doping	
  profile	
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Crystal	
  defects	
  found	
  in	
  MCz200	
  Y	
  (hole	
  traps)	
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Crystal	
  defects	
  found	
  in	
  MCz200	
  Y	
  (electron	
  traps)	
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Crystal	
  defects	
  found	
  in	
  MCz200	
  Y	
  (electron	
  traps)	
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Influence	
  of	
  current	
  generator	
  H(220K)	
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Deep	
  Level	
  Transient	
  Spectroscopy	
  	
  

1.  Diode	
  in	
  reverse	
  bias	
  
2.  Filling	
  of	
  defects	
  with	
  charge	
  carriers	
  during	
  T-­‐scan	
  
3.  Emission	
  from	
  defects→	
  change	
  of	
  capacitance	
  
• 	
  Capacitance	
  transient	
  as	
  func4on	
  of	
  4me	
  
• 	
  Transient	
  follows:	
  	
  
• 	
  Analysis	
  of	
  transient	
  
• 	
  concentra4on:	
  

DLTS	
  Principle	
  (electrons)	
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Measurement	
  of	
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  during	
  T-­‐scan	
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