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Pixel	  detector	  upgrade	  
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ATLAS	   CMS	  

Insertable	  B-‐Layer	  (IBL)	  to	  be	  
installed	  in	  2014	  inside	  present	  
pixel	  detector	  	  

Phase	  0	   Phase	  1	  

Complete	  replacement	  of	  pixel	  
system	  in	  2017	  	  



Pixel	  detector	  upgrade	  (phase	  2)	  
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CMS	  upgrade:	   	  Same	  radial	  envelope	  but	  extended	  rapidity	  coverage	  
	   	   	   	  	  	  	  	  4	  barrel	  layers	  +	  10	  disks	  (η	  =	  |4.0|)	  
	   	   	   	  Same	  or	  beUer	  spaVal	  resoluVon	  
	   	   	   	  	  	  	  	  Higher	  granularity	  (25x100	  μm2	  instead	  of	  100x150	  μm2)	  	  
	   	   	   	  Same	  (or	  lower)	  material	  budget	  as	  phase	  1	  
	   	   	   	  About	  5	  m2	  of	  pixelated	  sensors	  

	  	  pixels	  	  	  

~5cm	  
ß  strips	  
~2.5	  cm	  

ATLAS	   CMS	  

4.0	  

HGF-‐Alliance	  Project	  of	  ATLAS	  and	  CMS	  groups:	  “Enabling	  Technologies	  for	  Silicon	  Tracking	  detectors	  at	  HL-‐LHC”	  (PETTL)	  
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Pixel	  phase	  II	  sensors	  

CMS	  acVviVes	  on	  pixel	  phase	  II	  are	  ge)ng	  momentum…	  	  	  
Working	  group	  (co.	  Daniela	  BortoleUo,	  US,	  sub-‐co.	  Alexandra	  Junkes,	  UHH)	  
Goal:	  prepare	  for	  TDR	  in	  2016	  	  
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Work	  Packages	   Planar	  	   3D	   Diamond	  

Material	  	   DESY/KIT/UHH	  

Sensor	  Design	  	   UHH	  

RadiaVon	  hardness	   DESY/KIT/UHH	  

ROC-‐Sensor	  interface	  	   UHH	  

Bump	  bonding	  	  

New	  submission	  	   DESY/KIT/UHH	  

Physics	  requirements	  	   UHH	  

SimulaVon	  	   DESY/KIT/UHH	  

*	  Only	  German	  groups	  contribuVons	  



Material	  
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S. Terzo et al., MPI Munich, 23rd RD50 workshop!

ATLAS	  

ATLAS	  studies	  on	  sensors	  from	  
various	  vendors	  indicate:	  
	  
highest	  collected	  charge	  on	  
100-‐150	  μm	  thick	  sensors	  at	  
moderate	  voltages	  (200-‐300	  V)	  	  
up	  to	  a	  fluence	  of	  1016	  neq/cm2	  
	  

Open	  quesVons:	  
-‐  Epitaxial	  vs	  standard	  silicon	  
-‐  n-‐on-‐p	  or	  n-‐on-‐n	  	  
-‐  AcVve	  edges	  

	  
Double-‐sided,	  n-‐on-‐n	  module	  	  

	  
Single-‐sided,	  n-‐on-‐p	  module	  	  

n	   p	  

HV	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0	  V	  



Test	  of	  Epitaxial	  sensors	  at	  DESY	  Test	  Beam	  

6	  

Recently	  started	  acVvity	  on	  
epitaxial	  HPK	  sensors	  	  
measured	  in	  TB21	  with	  
DATURA	  telescope	  

Cold	  box	  with	  sensor	  	  



Pixel	  design	  	  
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Impact	  on	  performance:	  
	  

•  High	  efficiency	  (>99%)	  
minimize	  bias	  dot	  
maximize	  implant	  size	  

	  

•  High	  breakdown	  voltage	  	  
minimize	  oxide	  thickness	  	  
opVmize	  depth	  of	  juncVon	  	  

•  Avoid	  micro-‐discharges	  
avoid	  field	  “spikes”	  
opVmize	  metal	  overhang	  	  

•  …	  

	  

p-‐stop	  

Open	  p-‐stop	  

No	  p-‐stop	  

*	  Pixel	  designs	  produced	  in	  the	  HPK-‐campaign	  	  



ConsideraVons	  on	  pixel	  design	  	  
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Bias	  dot	  	  
	  

Simulate	  effect	  on	  overall/local	  charge	  collecVon	  efficiency	  	  
	  

è Data	  from	  DESY	  Test	  Beam	  (pixel	  phase	  1	  sensor)	  	  

Data	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  SimulaVon	  	  

Similar	  studies	  already	  performed	  by	  PSI	  during	  the	  pixel	  design	  phase	  	  	  



ConsideraVons	  on	  pixel	  design	  	  
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Insights from Simulations

> Simulations can visualise how 
parameters influence sensor 
properties

 Interface charge Q
f
 increases C

int

 Resulting changes to electric field

> Some discrepancies to reality

 Simulation requires 'additional' 
capacitances in the calculation:

C
int

 = C
AC

 + C
DC

 + 2 * C
ACDC

field 'spikes'

E-‐field	  in	  p-‐in-‐n	  sensor	  (Synopsys	  T-‐CAD)	  

High	  field	  region	  at	  strip	  edges	  leads	  	  
	  

•  More	  noise	  (mostly	  in	  n-‐type)	  
•  Charge	  mulVplicaVon	  in	  non-‐defined	  state	  
	  

SimulaVons	  from	  HPK-‐campaign	  studies:	  
Sensor	  thickness:	  200µm	  	  	  Bias:	  400V	  	  
Bulk	  doping:	  3.5e12	  cm-‐3	  	  Implant	  doping:	  5e18	  cm-‐3	  	  
Oxide	  thickness:	  1µm	  	  Oxide	  thickness	  under	  Al:	  0.68	  µm	  	  
Si3N4	  thickness:	  0.05	  µm	  	  Oxide	  charge:	  2e11cm-‐3	  	  
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Non-‐Gaussian	  noise	  seen	  in	  
most	  irradiated	  p-‐in-‐n	  sensors	  
by	  several	  groups	  and	  using	  
different	  readout	  systems	  
throughout	  CMS	  HPK	  campaign	  

	  

Can	  fake	  signals	  
in	  tracker	  
	  



RadiaVon	  Hardness	  
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posiVve	  charge	  (higher	  
introducVon	  ayer	  proton	  

irradiaVon	  than	  ayer	  neutron	  
irradiaVon)	  

posiVve	  charge	  (higher	  
introducVon	  ayer	  proton	  than	  

ayer	  neutron	  irradiaVon,	  
oxygen	  dependent)	  

leakage	  current	  
&	  neg.	  charge	  
current	  ayer	  	  γ	  

irrad,	  
	  V2O	  (?)	  

Reverse	  
annealing	  
(negaVve	  	  
charge)	  

Boron:	  shallow	  dopant	  
(negaVve	  	  charge)	  

Phosphorus:	  shallow	  
dopant	  

(posiVve	  charge)	  

Leakage	  
current	  

	  E4/E5:	  V3	  (?)	  

Detailed	  understanding	  of	  
bulk	  defects	  in	  past	  years	  
	  

è Led	  to	  the	  decision	  in	  CMS	  
to	  use	  n-‐in-‐p	  material	  for	  
tracker	  

è Pixel	  will	  also	  use	  n-‐readout	  

HL-LHC: Lint=3000 fb-1 

z	  =	  0	  cm	  

Pion/Neutron	  mixture	   Pixel:	  fluence	  dominated	  by	  charged	  parVcles	  
	  	  
è surface	  damage	  cannot	  be	  neglected,	  	  
	  	  	  	  	  may	  be	  a	  relevant	  issue	  also	  for	  strip	  
	  	  	  	  	  tracker	  



RadiaVon	  Hardness	  
Surface	  damage	  (studies	  performed	  for	  AGIPD	  detector,	  XFEL)	  

è Need	  to	  study	  effect	  of	  surface	  damage	  in	  n-‐on-‐p	  sensors	  @	  HL-‐LHC	  condiVons	  
è Minimize	  surface	  effects	  by	  design	  
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RadiaVon	  Hardness	  
Surface	  damage	  (studies	  performed	  for	  AGIPD	  detector,	  XFEL)	  

Study	  charge	  losses	  at	  the	  Si-‐SiO2	  interface	  and	  correlate	  them	  to	  
the	  electric-‐field	  distribuVon	  and	  the	  boundary	  condiVons.	  	  

Synopsis	  TCAD	  	  

Nox=1012/cm2	  	  Nox=1011/cm2	  	  

Zero	  point	  of	  E	  field	  
95%	  e-‐	  losses	  at	  
~3.5	  um	  	  
(40%	  at	  13	  um)	  
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SimulaVon	  	  
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Validate	  T-‐CAD	  simulaVon	  for	  
	  

•  surface	  boundary	  condiVons	  
•  surface	  and	  bulk	  radiaVon	  damage	  
•  exact	  pixel	  geometry	  (bias	  dot,	  field	  “spikes”)	  	  	  

using	  	  measurements	  on	  dedicated	  structures	  

Validate	  trapping	  Vme	  (τ) model in	  simulaVon	   TCT	  measurements	  
on	  sensors	  from	  HPK-‐
campaign	  	  	  
at	  Φ	  ≥	  1015	  neq/cm2	  
indicate	  that	  charge	  
losses	  are	  
overesVmated	  in	  
simulaVon	  (pixelAV)	


1/τ = β φ 	  



Conclusion	  

•  Pixel	  phase	  2	  acVviVes	  in	  CMS	  have	  started	  	  
	  
•  In	  Germany	  contribuVons	  from	  DESY,	  KIT,	  UHH	  

–  Conclude	  studies	  iniVated	  within	  the	  HPK-‐campaign	  (tracker	  phase	  2)	  
–  thin	  planar	  silicon	  irradiated	  up	  to	  fluences	  ~3e16	  neq/cm2	  

•  Coordinated	  effort	  with	  ATLAS	  (within	  RD50,	  RD53	  and	  HGF-‐Alliance)	  
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