
Characteris*c	
  studies	
  of	
  
silicon	
  sensor	
  for	
  ILD	
  ECAL	


Shusuke	
  Takada	
  
H.	
  Hirai,	
  K.	
  Kawagoe,	
  Y.	
  Miyazaki,	
  Y.	
  Sudo,	
  T.	
  Suehara,	
  

H.	
  Sumida,	
  T.	
  Tomita,	
  H.	
  Ueno,	
  T.	
  Yoshioka	
  
Kyushu	
  Univ.,	
  CALICE	
  Asia	
  group	
  



1.	
  Pixelized	
  silicon	
  detector	


Advantage	
  :	
  Collect	
  surface	
  current,	
  Decrease	
  dark	
  current,	
  etc.	
  
Disadvantage:	
  Decrease	
  sensi*ve	
  area,	
  Arise	
  crosstalk,	
  etc.	
  

Pixelized	
  silicon	
  detector(Si-­‐pad)	
  
・Produced	
  by	
  Hamamatsu	
  Photonics.	
  
・Pixel	
  size	
  :	
  5.5	
  mm	
  x	
  5.5	
  mm	
  
・Thickness	
  :	
  320	
  μm	
  
・16	
  x	
  16	
  pixels	
  

Sensi*ve	
  area	


Guard	
  ring	


Mo*va*on	
  
	
  Studying	
  characteris*cs	
  of	
  silicon	
  sensors	
  for	
  op*miza*on	
  
	
  	
  	
   	
  -­‐	
  Comparing	
  effect	
  of	
  guard	
  ring	
  
	
   	
  -­‐	
  Measuring	
  cross-­‐talk	
  between	
  pixels	
   2	


※Some	
  chips	
  have	
  guard-­‐ring(s).	




2.	
  Measurement	

We	
  performed	
  two	
  measurements.	
  
(Guard-­‐ring	
  is	
  not	
  grounded.)	
  
	
  
3-­‐1	
  Temperature	
  dependence	
  

	
  Measurement	
  of	
  temperature	
  dependence	
  on	
  
	
  dark	
  current	
  of	
  Si-­‐pad.	
  

	
  
3-­‐2	
  Laser	
  injec*on	
  

	
  Measurement	
  of	
  laser	
  injec*on	
  for	
  Si-­‐pad.	
  
	
   	
  -­‐	
  Inside	
  pixels	
  (to	
  see	
  inter-­‐pixel	
  cross-­‐talk)	
  

3	




0	
  guard	
  ring	
 2	
  guard	
  rings	


4	
  guard	
  rings	


pixel	


pixel	
pixel	


pixel	


edge	


edge	
 edge	


edge	


1	
  guard	
  ring	


4	
  x	
  4	
  pixels	


3	
  x	
  3	
  pixels	


Sensi,ve	
  area	


Sensi,ve	
  area	


Baby	
  chip(to	
  compare	
  guard	
  rings)	


Split(alternately)	
Guard-­‐ring	


These	
  chips	
  are	
  made	
  to	
  compare	
  the	
  effect	
  of	
  different	
  guard	
  ring	
  structures.	
  
Pixel	
  size	
  :	
  5.5	
  mm	
  x	
  5.5	
  mm 	
   	
  Thickness:	
  320μm	


Guard-­‐ring	
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1	
  guard	
  ring	
 2	
  guard	
  ring	


※Structure	
  of	
  4	
  guard	
  ring	
  is	
  the	
  same	
  
as	
  this	
  type.	


Structure	
  of	
  guard	
  ring	
  (Outline)	


Guard	
  ring	
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5.5mm	


5.
5m

m
	




2-­‐1	
  Temperature	
  dependence	
  
Setup	


BOX	


Voltage	
  Source	
  
and	
  

Ammeter	


Thermohygrostat	


Copper	
  sheet	


Insulator	
  

Si-­‐pad	


Si-­‐pad	
  	
  BOX	


Keithley	
  6517B	
  
Source	
  /	
  Am	
  meter	


Thermohygrostat	
  

Humidity	
  Sensor	


PC	


USB	
current	
 thermocouple	


GPIB	
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 / ndf 2χ  0.1164 / 1

Prob   0.733
p0        2.469e+08± 1.816e+08 
p1        0.073± 1.791 
p2        0.000565± 0.004652 

 / ndf 2χ  0.1164 / 1
Prob   0.733
p0        2.469e+08± 1.816e+08 
p1        0.073± 1.791 
p2        0.000565± 0.004652 

Temperature Dependence

 / ndf 2χ  0.07259 / 1
Prob   0.7876
p0        2.024e+07± 1.526e+07 
p1        0.07019± 1.652 
p2        0.0007071± 0.001832 

 / ndf 2χ  0.07259 / 1
Prob   0.7876
p0        2.024e+07± 1.526e+07 
p1        0.07019± 1.652 
p2        0.0007071± 0.001832 

 / ndf 2χ  6.109 / 1
Prob   0.01345
p0        1.892e+06± 1.518e+07 
p1        0.00659± 1.664 
p2        0.0003041± 0.002324 

 / ndf 2χ  6.109 / 1
Prob   0.01345
p0        1.892e+06± 1.518e+07 
p1        0.00659± 1.664 
p2        0.0003041± 0.002324 

 / ndf 2χ  0.6642 / 1
Prob   0.4151
p0        2.163e+07± 2.51e+07 
p1        0.04548± 1.696 
p2        0.0002952± 0.001516 

 / ndf 2χ  0.6642 / 1
Prob   0.4151
p0        2.163e+07± 2.51e+07 
p1        0.04548± 1.696 
p2        0.0002952± 0.001516 

0 guard ring
2 guard ring
1 guard ring
4 guard ring

0 guard ring
2 guard ring
1 guard ring
4 guard ring

0 guard ring
2 guard ring
1 guard ring
4 guard ring

0 guard ring
2 guard ring
1 guard ring
4 guard ring

Voltage	
  120	
  V,	
  Humidity	
  50	
  %	


4	
  x	
  4	
  pixels	


3	
  x	
  3	
  pixels	

4	
  guard	
  rings	

1	
  guard	
  ring	

2	
  guard	
  rings	

0	
  guard	
  ring	


Temperature[K]	


1	
  GR	


0	
  GR	
 2	
  GR	


4	
  GR	


band-­‐gap	
  energy	


I(T ) = AT 2 exp(−
Eg(T )
2kBT

)+Bkg.

Eg(T ) = Eg(0)−
αT 2

β +T

Result	


Fifng	
  func*on	
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・Significant	
  difference	
  was	
  seen.（max	
  0.1	
  nA/sensi*ve	
  area）	
  
・Lower	
  dark	
  current	
  for	
  pads	
  with	
  1	
  and	
  4	
  guard	
  rings.（especially	
  4	
  guard	
  ring）	
  
・May	
  be	
  due	
  to	
  the	
  difference	
  of	
  chip	
  size.	
  
・Silicon’s	
  band-­‐gap	
  energy	
  Eg(0)	
  is	
  1.166	
  eV,	
  but	
  this	
  result	
  is	
  not	
  consistent.	
  
(Fifng	
  parameter 	
   	
  	
  	
  )	
  p1≈1.7
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Specifica*on	
  of	
  laser	
  
	
  
CRYLAS	
  GmbH	
  
DSS1064-­‐Q2	
  (Class	
  3B)	
  
Wave	
  length	
  :	
  1064	
  nm	
  
Pulse	
  width	
  :	
  ~	
  1.5	
  ns	
  
Pulse	
  energy	
  : 	
  >	
  20	
  μJ/pulse	
  

	
   	
   	
   	
   	
  ~	
  1014	
  photons/pulse	
  
Peak	
  power	
  :	
  >	
  13kW 	
  -­‐>	
  use	
  ND	
  filter	
  
Reputa*on	
  rate	
  :	
  1	
  kHz	
  
Laser	
  spot	
  size	
  :	
  <	
  20	
  μm	
  

laser	
  system	


microscope	


camera	


XY	
  stage	


←BOX	


preamplifier	


1064nm	
  =	
  1.16	
  eV	
  
（※Silicon	
  ‘s	
  band-­‐gap	
  energy	
  is	
  1.12	
  eV）	
  

A	
  photon	
  can	
  product	
  an	
  electron-­‐hole	
  pair.	
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ND	
  filter	


2-­‐2	
  Laser	
  injec*on	
  
Setup	




2-­‐2	
  Laser	
  injec*on	
  
Setup	
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Measurement	
  Box	


Chip	


・This	
  box	
  can	
  individually	
  read	
  out	
  each	
  pixel	
  

Spring	
  pressure:	
  110	
  gf	
Box 案（改）

※レーザー用の穴の位置はまだ決まってません（上図は一例）
※上板の穴は基盤の穴より大きめに開ける

1mm

読み出しピン寸法(CP-H166S0)

読み出し基盤、押え板図

レーザー穴

レーザー穴

ピン

http://test-probe.jp/product/
battery_contact_and_connectors/cp-h166m0.html

読み出しピン（真鍮）
（中にバネが入っている仕様）

1mm

読み出し基盤

押さえ板
（アクリル等）

~2.5mm

はんだ

Acrylic	


Acrylic	

Solder	


Read	
  out	
  pin	


Box	
  (Side	
  view)	




Data	
  taking	
  circuit	
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2-­‐2	
  Laser	
  injec*on	
  
Setup	


Response	
  of	
  pixel	
  close	
  to	
  laser	
  point	

Keithley	
  6517B	
  
(Voltage:	
  -­‐100	
  V)	


12	
  ch	
  
pre-­‐amp	


NIM	
  
16	
  ch	
  

	
  shaping-­‐amp	


CAMAC	
  
PHADC	


PC	
  (Linux)	


x	
  9	
  pixels	


Measurement	
  Box	


Trigger:	
  Incident	
  of	
  laser	




Baby	
  chip	
  (for	
  laser	
  injec*on	
  inside	
  pixels)	
  
Pixel	
  size	
  :	
  5.5	
  mm	
  x	
  5.5	
  mm 	
   	
  Thickness:	
  320μm	


2-­‐2	
  Laser 	
  Injec*on	
  (inside	
  pixels)	


※Except	
  for	
  the	
  light-­‐injected	
  pixel,	
  	
  
Si-­‐pad	
  was	
  masked	
  by	
  black	
  sheet.	
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Schema,c	
  diagram	


Laser	
  point	


5.5mm	


5.
5m

m
	


0	
  guard	
  ring	
  only	
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0.16 +/- 0.01 %
ch9

Result	

Horizontal	
  axis：Response	
  of	
  ch	
  4	
  [mV] 	
  (~Laser	
  Power)	
  
Ver*cal	
  axis 	
  ：Response	
  of	
  each	
  pixel	
  

・All	
  channels,	
  cross-­‐talk	
  <	
  about	
  0.5%	
  
・We	
  are	
  able	
  to	
  get	
  reproducible	
  results.	
  

ch	
  4	
 ch	
  6	
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ch	
  1	
 ch	
  2	
 ch	
  3	


ch	
  5	
 ch	
  6	


ch	
  7	
 ch	
  8	
 ch	
  9	


ch	
  4	


Laser	
  point	




Baby	
  chip	
  (for	
  laser	
  injec*on	
  inside	
  pixels)	
  
Pixel	
  size	
  :	
  5.5	
  mm	
  x	
  5.5	
  mm 	
   	
  Thickness:	
  320μm	


2-­‐2	
  Laser 	
  Injec*on	
  (inside	
  pixels)	


※Except	
  for	
  injected	
  pixel,	
  	
  
Si-­‐pad	
  was	
  masked	
  by	
  black	
  sheet.	
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Schema,c	
  diagram	


Laser	
  point	


0/1	
  guard	
  ring	

5.5mm	


5.
5m

m
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ch5

500 1000 1500 2000 2500 3000 3500 4000
0

1000

2000

3000

4000

5000

ch6

0.35 +/- 0.03 %
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0	
  guard	
  ring	


Result	

Horizontal	
  axis：Response	
  of	
  ch	
  4	
  [mV] 	
  (~Laser	
  Power)	
  
Ver*cal	
  axis 	
  ：Response	
  of	
  each	
  pixel	
  

・No	
  big	
  difference	
  was	
  seen.	
  

14	


ch	
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  6	
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  guard	
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  7	
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3.	
  Summary	
  &	
  Conclusion	

Summary	
  
-­‐  At	
  most	
  0.1	
  nA	
  /	
  sensi*ve	
  area	
  was	
  seen	
  as	
  the	
  
difference	
  of	
  dark	
  current	
  among	
  guard	
  ring	
  types.	
  

-­‐  For	
  the	
  type	
  of	
  1/4	
  guard	
  ring,	
  dark	
  current	
  was	
  
decreased.	
  

-­‐  May	
  be	
  the	
  difference	
  of	
  chip	
  size.	
  
-­‐  No	
  big	
  difference	
  was	
  seen	
  for	
  study	
  of	
  cross-­‐talks	
  
between	
  pixels,	
  and	
  it	
  was	
  less	
  than	
  0.5%	
  level.	
  

	
  
Conclusion	
  
-­‐  Currently	
  we	
  do	
  not	
  see	
  any	
  disadvantages	
  in	
  0	
  guard	
  
ring	
  sensors.	
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4.	
  Plan	

Plan	
  
-­‐	
  	
  	
  Temperature	
  dependence（con*nue）	
  

	
   	
  Edge	
  current,	
  systema*c	
  error,	
  etc…	
  
	
   	
  Individually	
  read	
  out	
  each	
  pixel	
  

	
  
-­‐	
  	
  	
  Meshed	
  electrode	
  chip（con*nue）	
  

	
   	
  Inject	
  to	
  different	
  type	
  of	
  meshed	
  chip	
  
	
   	
  Inject	
  into	
  a	
  gap	
  between	
  pixels	
  

	
  
(	
  -­‐	
  	
  	
  Grounded	
  guard	
  ring	
  )	
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backup	
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Eg(T ) = Eg(0)−
αT 2

T +β

Silicon	

Eg(0)

α

β

1.166	
  eV	


4.73×10-­‐4	
  eV/K	


636	
  K	


※If	
  T=293.15	
  K（20℃),	
  Eg(T)	
  is	
  1.122252312….	
  

I(T ) = AT 2
exp(� Eg

2kBT
)

Band-­‐gap	
  energy	
  is	
  also	
  depend	
  on	
  temperature.	




backup	
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From	
  my	
  slide@LCWS14	
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210
 / ndf 2χ  2.343 / 1

Prob   0.1258
p0        1.46e+08± 6.23e+08 
p1        0.01352± 1.674 
p2        0.006715± 0.1126 

 / ndf 2χ  2.343 / 1
Prob   0.1258
p0        1.46e+08± 6.23e+08 
p1        0.01352± 1.674 
p2        0.006715± 0.1126 

Temperature Dependence

 / ndf 2χ  4.927 / 1
Prob   0.02644
p0        3.392e+06± 1.666e+07 
p1        0.01162± 1.477 
p2        0.01156± 0.001554 

 / ndf 2χ  4.927 / 1
Prob   0.02644
p0        3.392e+06± 1.666e+07 
p1        0.01162± 1.477 
p2        0.01156± 0.001554 

 / ndf 2χ  9.824 / 1
Prob   0.001723
p0        9.979e+06± 6.422e+07 
p1        0.008568± 1.576 
p2        0.006594± 0.02905 

 / ndf 2χ  9.824 / 1
Prob   0.001723
p0        9.979e+06± 6.422e+07 
p1        0.008568± 1.576 
p2        0.006594± 0.02905 

 / ndf 2χ  6.881 / 1
Prob   0.008712
p0        8.768e+06± 5.675e+07 
p1        0.008669± 1.574 
p2        0.003418± 0.01677 

 / ndf 2χ  6.881 / 1
Prob   0.008712
p0        8.768e+06± 5.675e+07 
p1        0.008669± 1.574 
p2        0.003418± 0.01677 

0 guard ring
2 guard ring
1 guard ring
4 guard ring

0 guard ring
2 guard ring
1 guard ring
4 guard ring

0 guard ring
2 guard ring
1 guard ring
4 guard ring

0 guard ring
2 guard ring
1 guard ring
4 guard ring

Voltage	
  120	
  V,	
  Humidity	
  50	
  %	


4	
  x	
  4	
  pixels	


3	
  x	
  3	
  pixels	

4	
  guard	
  rings	

1	
  guard	
  ring	

2	
  guard	
  rings	

0	
  guard	
  ring	


Temperature[K]	


1	
  GR	


0	
  GR	
 2	
  GR	


4	
  GR	


band-­‐gap	
  energy	


I(T ) = AT 2 exp(−
Eg(T )
2kBT

)+Bkg.

Eg(T ) = Eg(0)−
αT 2

β +T

Result	


Fifng	
  func*on	
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・Normalized	
  by	
  the	
  number	
  of	
  sides(NOS).	
  
	
  -­‐	
  To	
  take	
  account	
  of	
  edge	
  current.	
  

・Silicon’s	
  band-­‐gap	
  energy	
  Eg(0)	
  is	
  1.166	
  eV,	
  but	
  this	
  result	
  is	
  not	
  consistent.	
  
(Fifng	
  parameter 	
   	
  	
  	
  )	
  p1≈1.5
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Results	
  of	
  1	
  GR	


・Cross-­‐talk	
  was	
  seen	
  along	
  the	
  guard	
  ring	
  as	
  expected.	
  
・We	
  are	
  able	
  to	
  get	
  reproducible	
  results.	
  

Laser	
  point	
 Horizontal	
  axis：Response	
  of	
  ch	
  1	
  [mV] 	
  (~Laser	
  Power)	
  
Ver*cal	
  axis 	
  ：Response	
  of	
  each	
  pixel	
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Results	
  of	
  Others	

0	
  guard	
  ring	
 2	
  guard	
  rings	


4	
  guard	
  rings	


・Significant	
  cross-­‐talks	
  were	
  not	
  seen	
  
because	
  of	
  the	
  following:	
  
	
  	
  	
  	
  	
  -­‐	
  Si-­‐pad	
  doesn’t	
  have	
  guard	
  ring.(no	
  GR)	
  
	
  	
  	
  	
  	
  -­‐	
  Guard	
  rings	
  are	
  separated.(2,4	
  GR)	
  

Laser	
  point	


Horizontal	
  axis：Response	
  of	
  ch	
  1	
  [mV] 	
  (~Laser	
  Power)	
  
Ver*cal	
  axis 	
  ：Response	
  of	
  each	
  pixel	
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All	
  1	
  guard	
  ring	


Laser	
  point	
 Horizontal	
  line：Response	
  of	
  pixel	
  close	
  to	
  laser	
  point[mV]	
  
Ver*cal	
  line 	
  ：Response	
  of	
  each	
  pixel[mV]	
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No.2-­‐2	


No.2-­‐2	


Serial	
  Number	
  of	
  Si-­‐pad	
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backup	
 From	
  my	
  slide@LCWS14	
・Si-­‐pad	
  was	
  not	
  masked	
  by	
  black	
  sheet.	
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backup	


Laser	
  point	


Acrylic	
  sheet	
 Readout	
  pin	


①

②

Laser	
  system	
  is	
  the	
  same	
  setup.	


Only	
  0	
  guard	
  ring	
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backup	

Horizontal	
  axis：Response	
  of	
  ch	
  4	
  [mV] 	
  (~Laser	
  Power)	
  
Ver*cal	
  axis 	
  ：Response	
  of	
  each	
  pixel	
  

・All	
  channels,	
  crosstalk	
  <	
  about	
  0.5%	
  
・We	
  are	
  able	
  to	
  get	
  reproducible	
  results.	
  

Laser	
  point	


ch	
  4	
 ch	
  6	
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・Expanded	
  for	
  Y	
  axis	
  
・All	
  channels,	
  crosstalk	
  <	
  about	
  0.5%	
  
・We	
  are	
  able	
  to	
  get	
  reproducible	
  results.	
  

Laser	
  point	


ch	
  4	
 ch	
  6	
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ch	
  7	
 ch	
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 ch	
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 ch	
  7	
 ch	
  8	
 ch	
  9	


ch	
  1	
 ch	
  2	
 ch	
  3	


ch	
  4	
 ch	
  5	
 ch	
  6	


Horizontal	
  axis：Response	
  of	
  ch	
  4	
  [mV] 	
  (~Laser	
  Power)	
  
Ver*cal	
  axis 	
  ：Response	
  of	
  each	
  pixel	
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Result	

Horizontal	
  axis：Response	
  of	
  ch	
  4	
  [mV] 	
  (~Laser	
  Power)	
  
Ver*cal	
  axis 	
  ：Response	
  of	
  each	
  pixel	
  

・No	
  big	
  difference	
  was	
  seen.	
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Result	

Horizontal	
  axis：Response	
  of	
  ch	
  4	
  [mV] 	
  (~Laser	
  Power)	
  
Ver*cal	
  axis 	
  ：Response	
  of	
  each	
  pixel	
  

・Expanded	
  for	
  Y	
  axis	
  
・No	
  big	
  difference	
  was	
  seen.	
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