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1. Introduction 

Electromagnetic CalorimeterECAL 

Sampling Calorimeter 

     Absorber : Tungsten 

     Detector  Silicon detector and/or Scintillation detector 

pixelization -> good particle separation 
Pixel size  5 mm x 5 mm 
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Electromagnetic Calorimeter(ECAL) Today, I will talk about characteristic study of 
this silicon detector. 



2. Pixelized silicon detector 

Advantage : Collect surface current, prevent an electric discharge, etc. 
Disadvantage: Decrease sensitive area, arise crosstalk, etc. 

Pixelized silicon detector(Si-pad) 

Produced by Hamamatsu Photonics. 

Pixel size : 5.5 mm x 5.5 mm 

Thickness : 320 ˃ Ƴ 

16 x 16 pixels 

Sensitive area 

Guard-ring 

Motivation 
 Studying characteristics of silicon sensors for optimization 
    -Measuring crosstalk caused by guard-rings 
  -Measuring crosstalk between pixels 4 

βSome chips have guard-ring. 
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2. Pixelized silicon detector 

These chips can compare the effect of guard ring. 
Pixel size : 5.5 mm x 5.5 mm  ¢ƘƛŎƪƴŜǎǎΥ онл˃Ƴ 

Guard-ring 
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baby chip with meshed pixels for laser injection inside pixels 

2. Pixelized silicon detector 

Si(covered with SiO2) 

Electrode Al  



3. Measurement 
We performed two kinds of measurements. 

(Guard-ring is not grounded.) 

 

3-1 Temperature and humidity dependence 
 Measurement of temperature and humidity  

 dependence on dark current of Si-pad. 

 

3-2 Laser injection 
 Measurement of laser injection for Si-pad. 

  - To the edge of the sensors (to see guard-ring effect)
  - Inside pixels (to see inter-pixel crosstalk) 
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3-1 Temperature and Humidity 
dependence 

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 2c  2.467 / 2

Prob   0.2913

p0        9.285e+08± 2.68e+09 

p1        0.01787± 1.728 

 / ndf 2c  2.467 / 2

Prob   0.2913

p0        9.285e+08± 2.68e+09 

p1        0.01787± 1.728 

Temperature Dependence
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Prob   0.6979

p0        2.58e+08± 6.851e+08 

p1        0.01942± 1.657 

 / ndf 2c  0.7195 / 2

Prob   0.6979

p0        2.58e+08± 6.851e+08 

p1        0.01942± 1.657 
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p0        6.34e+09± 1.793e+10 

p1        0.01827± 1.827 
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p0        1.34e+09± 3.316e+09 

p1        0.02099± 1.737 
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No big differences seen 
{ƛƭƛŎƻƴΩǎ ōŀƴŘ-gap energy Eg(0) is 1.166 eVΣ ōǳǘ ǘƘƛǎ ǊŜǎǳƭǘ ŘƻŜǎƴΩǘ 

consistent. (For all type of guard ring, fitting parameter   .) 
  - Perhaps this is caused by effect of current from edge. 

Voltage 120 V, Humidity 50 % 
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Result of Temperature dependence 

Fitting function 



No big difference seen 
As humidity increase, dark current tend to increase. (unknown reason) 
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Humidity Dependence
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Voltage 120 V, Temperature 20 deg C 
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Result of Humidity dependence 



Problem 
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Example : result of 1 guard ring 
(Temperature dependence)  

Poor reproducibility seen by taking out and in the sensor from the 
measurement box. (should be fixed) 
This shift may be occurred by surface resistance of copper sheet. 

(condition is not good) 
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 / ndf 2c  2.726 / 2
Prob   0.256
p0        5.213e+09± 1.03e+10 
p1        0.02603± 1.785 

 / ndf 2c  2.726 / 2
Prob   0.256
p0        5.213e+09± 1.03e+10 
p1        0.02603± 1.785 

Temperature Dependence

 / ndf 2c  3.194 / 2
Prob   0.2025
p0        1.31e+10± 1.793e+10 
p1        0.03772± 1.827 

 / ndf 2c  3.194 / 2
Prob   0.2025
p0        1.31e+10± 1.793e+10 
p1        0.03772± 1.827 

 / ndf 2c  25.71 / 2
Prob   2.614e-06
p0        2.422e+06± 1.31e+07 
p1        0.009878± 1.482 

 / ndf 2c  25.71 / 2
Prob   2.614e-06
p0        2.422e+06± 1.31e+07 
p1        0.009878± 1.482 

 / ndf 2c  11.73 / 2

Prob   0.00284
p0        2.091e+07± 1.202e+08 
p1        0.008971± 1.592 

 / ndf 2c  11.73 / 2

Prob   0.00284
p0        2.091e+07± 1.202e+08 
p1        0.008971± 1.592 
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3-2 Laser injection 
Setup Specification of laser 

 
CRYLAS GmbH 
DSS1064-Q2 (Class 3B) 
Wave length : 1064 nm 
Pulse width : ~ 1.5 ns 
Pulse energy : > 20 ˃ W/pulse 
     ~ 1014 photons/pulse 
Peak power : > 13kW -> use ND filter 
Reputation rate : 1 kHz 
Laser spot size : < 20 ˃Ƴ 

laser system 

microscope 

camera 

XY stage 

ҥ.h· 

preamplifier 

1064nm = 1.16 eV 
β{ƛƭƛŎƻƴ Ψǎ band-gap energy is 1.12 eV 

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



laser system 

microscope 

camera 

XY stage 

ҥ.h· 

preamplifier 

pixel 

edge 

response of pixel close to  laser point 

BOX 

chip 

laser point 

3-2 Laser injection 
Setup 

The Laser is irradiated to gap because pixels are covered 
by aluminum electrode. 
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ND filter 


