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Motivation	

•  The	  Si-‐pad	  (Silicon	  pixel	  detector)	  would	  be	  the	  best	  for	  PFA	  
Calorimetry	  for	  Linear	  Collider	  Experiments.	  

•  	  We	  started	  the	  Si-‐pad	  study.	  
–  UnIl	  now	  French	  team	  has	  been	  working.	  
–  Kyushu	  University	  is	  becoming	  a	  new	  core	  of	  the	  Si-‐pad	  study	  with	  
the	  strong	  connecIon	  with	  the	  French	  team.	  

•  We	  are	  seWng	  up	  a	  test	  bench	  for	  basic	  measurements	  (I-‐V	  
curve,	  C-‐V	  curve	  etc.)	  at	  Kyushu	  University.	  

•  The	  system	  set	  up	  is	  very	  important	  to	  exam	  many	  Si-‐pad	  
samples	  uniformly	  by	  the	  same	  way	  in	  future.	  
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Here	  we	  show	  the	  measured	  
results	  of	  a	  5mm	  x	  5mm	  pixel	  Si-‐
pad	  sample	  with	  the	  system.	  	  
	 This is it!	



Si-pad & measurement box	

Si-‐pad	  reverse	  side	  (electrodes)	

Copper	  plate	

All-‐pixel	  currents	  are	  ganged	  	  
by	  a	  copper	  plate.	  
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16x16	  pixels	  
1	  pixel	  size:	  5mm	  x	  5mm	  
Total	  area:	  9cm	  x	  9cm	  
(Serial	  number:	  D4)	  

Si-‐pad	

Measurement	  BOX	  



USB	

I-V measurement setup	

PC	
Temperature/Humidity	  chamber	

Si-‐pad	  box	

Temperature/Humidity	  
logger	  (inside)	

Temperature/Humidity	  
logger	  (outside)	

Keithley	  6517B	  
Source/Am	  meter	

GPIB	

USB	

Automa6cally	  controlled	  by	  LabView	  	
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current	

thermocouple	

A	  thermocouple	  is	  installed	  into	  the	  box	  
to	  directly	  monitor	  the	  temperature	  of	  Si-‐pad.	  	  

The	  chamber	  is	  not	  PC-‐controlled	  yet.	

Si-‐pad	  is	  put	  into	  this	  chamber	  with	  
thermocouple,	  and	  connected	  	  to	  
source/am	  meter.	  

Temperature/Humidity	  loggers	  are	  put	  into	  and	  outside	  the	  chamber.	  	



Si-‐pad	  box	

Temperature/Humidity	  logger	  
(inside	  &	  outside)	

Temperature/Humidity	  chamber	
LabView	  on	  PC	

keithley	  6517B	  Source/Am	  meter	
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The	  breakdown	  voltages	  are	  smaller	  than	  that	  of	  French	  team’s	  measurement,	  
	  which	  is	  around	  180V.	  The	  flatness	  is	  also	  different.	

Each	  line	  is	  an	  average	  of	  several	  sequenIal	  measurements.	  	

Preliminary	

French	  team’s	  measurement	  (around	  20℃&55%)	

40℃	

30℃	
20℃	

10℃	

	  	  	  	  	  	  	  	  	  	  	



Temperature (deg.)
10 15 20 25 30 35 40

C
ur

re
nt

 (n
A)

0

50

100

150

200

250

300

350

400

Dark current of D4 at 50V (40%)

Temperature (deg.)
10 15 20 25 30 35 40

lo
g[

 C
ur

re
nt

 (n
A)

 ]

2.5

3

3.5

4

4.5

5

5.5

6

 / ndf 2   5.55 / 2
A         1.011e+10± 6.757e+10 
Eg        0.007507± 1.646 

Temperature dependence	

Preliminary	

Result	  of	  fiWng	  the	  funcIon	  to	  the	  data	  
•  Can	  confirm	  that	  the	  measurement	  system	  works	  well.	  
•  The	  measured	  Band-‐gap,	  Eg,	  is	  larger	  than	  Si’s	  1.21	  eV	  (recommended	  value	  

from	  ATLAS	  collaboraIon).	  This	  is	  under	  invesIgaIon.	   8	
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Each	  point	  is	  an	  average	  from	  the	  measurements	  at	  50V.	  
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Preliminary	

Comparison	  of	  80%,	  60%,	  40%,	  French	  data(~55%)	  at	  20℃.	

A	  change	  obviously	  occurs,	  the	  origin	  is	  under	  invesIgaIon.	  

	  	  	  	  	  	  	  	  	  	  	

French	  team’s	  measurement	  (around	  20℃&55%)	

80%	
60%	

40%	
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Preliminary	

Each	  point	  is	  an	  average	  value	  of	  several	  sequenIal	  measurements	  at	  50V.	

at	  50V		  	  	  	  	  	  	  	  	  	  	



	  	  	  	  	  	  	  	  	  	  	

Summary of dependences	
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Preliminary	

Temperature	  dependences	  seem	  to	  be	  good.	

At	  this	  condiIon	  current	  is	  not	  consistent	  with	  extrapolaIon.	



Summary of dependences	
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Preliminary	

Humidity	  dependences	  seem	  to	  exist	  uniformly,	  
the	  origin	  is	  under	  invesIgaIon.	

At	  this	  condiIon	  current	  is	  not	  consistent	  with	  extrapolaIon.	

	  	  	  	  	  	  	  	  	  	  	



•  We	  have	  measured	  an	  enIre	  capacitance	  of	  
5mm	  x	  5mm	  pixel	  Si-‐pad.	  

•  When	  a	  Si-‐pad	  is	  fully	  depleted,	  the	  layer	  size	  
hopefully	  should	  be	  idenIcal	  to	  thickness	  of	  the	  
Si-‐pad,	  d	  ~	  350µm	  (measured	  for	  5mm	  x	  5mm	  samples).	  
– Then	  Si-‐pad’s	  enIre	  capacitance	  reduces	  to	  	  
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C =
�siS

d
= 2.4 nF

S	  =	  9cm	  x	  9cm	  
εsi	  =	  1.03	  x	  10-‐10	

Capacitance Measurement	

S	S	
d	



Si-‐pad	  
&	  Box	  

Agilent	  E4980A	  
LCR	  meter	

Hpot	  
	  
Hcur	

Lpot	  
	  
Lcur	

47nF	

V	

10kΩ	

Measurements	  are	  done	  manually.	  (changing	  the	  voltages	  &	  the	  frequencies	  and	  monitoring)	

Capacitance Measurement	
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Measurements	  are	  done	  manually.	  (changing	  the	  voltages	  &	  the	  frequencies	  and	  monitoring)	

Si-‐pad	  
&	  Box	  

Agilent	  E4980A	  
LCR	  meter	

Hpot	  
	  
Hcur	

Lpot	  
	  
Lcur	

47nF	

V	

10kΩ	

Capacitance Measurement	
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Assume	  Si-‐pad’s	  impedance	  is	  ,	 (0V)	

(0V)	The	  impedance	  Z	  and	  its	  phase	  
degree	  are	  consistent	  with	  the	  
assumpIon.	  
	  
This	  Ime	  we	  measured	  the	  
capacitance	  at	  10kHz.	  

(Serial	  connecIon	  of	  R	  &	  C	  components)	

10kHz	

Measurement of Impedance	
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Body capacitance

2.40

fully widened

50

Preliminary	

From	  this	  result,	  a	  full	  depleIon	  is	  thought	  to	  occur	  around	  50V.	  
And	  the	  capacitance	  is	  equal	  to	  the	  calculated	  value,	  2.4	  nF.	

Fully	  depleted	
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EnIre	  capacitance	

EnIre	  capacitance	

	  	  	

Capacitance Measurement	



•  ConstrucIon	  of	  the	  automaIc	  measurement	  system	  is	  
important.	  
– We	  are	  construcIng.	  

•  I-‐V	  curve	  measurement	  system:	  constructed.	  
•  C-‐V	  curve	  measurement	  system:	  now	  being	  constructed.	  

•  We	  measured	  5mm	  x	  5mm	  pixel	  Si-‐pad’s	  basic	  
characterisIcs.	  
–  I-‐V	  curve	  

•  Temperature	  dependence	  
–  GOOD	  (the	  band-‐gap,	  Eg,	  is	  larger	  than	  expected	  value	  1.21eV.)	  

•  Humidity	  dependence	  
–  seems	  to	  exist?	  (sIll	  under	  invesIgaIon..)	  

–  C-‐V	  curve	  
•  EnIre	  Capacitance	  

–  It	  has	  been	  confirmed	  that	  a	  full	  depleIon	  of	  Si-‐pads	  occurred	  around	  50V.	  
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Summary	



•  I-‐V	  curve	  
ü  InvesIgaIon	  of	  each	  dependences	  

•  Capacitance	  
ü  1pixel	  capacitance	  measurements	  

•  System	  upgrade	  
ü  ConnecIon	  between	  the	  chamber	  and	  PC	  
ü  AutomaIc	  C-‐V	  measurement	  system	  

•  RadiaIon	  hardness	  study	  
ü  	  using	  γ-‐ray	  from	  60Co	  source	  and	  p-‐beam	  at	  Kyushu	  U.	  

•  Laser	  system	  set	  up	  
•  Efficiency	  study	  using	  cosmic	  ray	  

20	

Prospects (to do)	
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Temperature	  dependence	  at	  80%	
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Temperature	  dependence	  at	  80%	

The	  origin	  of	  these	  changes	  is	  under	  invesIgaIon.	   24	
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Fit	  is	  also	  bad…	



Study	  of	  radiaIon	  hardness	

60Co	  s6cks	  are	  in	  this	  cylinder	
Si-‐pad	  

1	  cm	  x	  1cm	  sample	

Co	 Co	

Co	

Co	

Co	

Exposed	  Si-‐pad	  to	  100Gy	  γ-‐ray	  radia6on	  from	  60Co(1.17,	  1.33MeV)	  	

25	
@	  γ-‐ray	  irradiaIon	  insItute,	  Kyushu	  University.	
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Result	

•  100Gy	  corresponds	  to	  more	  than	  ~million	  years	  for	  ILC	  operaIon.	  
•  The	  effect	  is	  small	  (	  ~	  ×1.5).	  -‐>	  GOOD	  hardness?	  
•  But	  the	  effect	  to	  the	  signals	  should	  be	  invesIgated.	   26	

Preliminary	

Start	  taking	  the	  bias	  voltage	  200V.	


