W s RCAPP

"= \u NL UL

JU‘I‘U("’%

KYUSHU UNIVERSITY

m.- { CAu@?

Characteristic study 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

LCWS14@Belgrade



Contents

1. Introduction

2. Pixelized silicon detector

3. Measurement

3-1 Temperature and Humidity dependence

3-2 Laser injection

4. Summary & Conclusion

. Plan



1. Introduction

Electromagnetic Calorimeter (ECAL)
-Sampling Calorimeter
Absorber : Tungsten

" pixelization -> good particle separation
"Pixel size : 5mm x5 mm

Today, | will talk about characteristic study of Electromagnetic Ca'°‘meter(ECAL)
this silicon detector. S



2. Pixelized silicon detector

Pixelized silicon detector(Si-pad)
*Produced by Hamamatsu Photonics.
*Pixel size : 5.5 mm x 5.5 mm
*Thickness : 320 um

16 x 16 pixels

>¢Some chips have guard-ring.

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

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




2. Pixelized silicon detector
baby chip(to compare guard-rings)

These chips can compare the effect of guard ring.
Pixel size : 5.5 mm x 5.5 mm Thickness: 320um

4 x 4 pixels no guard-ring 2 guard-rings

Sensitive area

pd

Guard-ring

\ 3 x 3 pixels

Sehsitive area




2. Pixelized silicon detector

baby chip with meshed pixels for laser injection inside pixels

Electrode (Al)

—— Si(covered with SiO,,

meshed electrode




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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Result of Temperature dependence

Temperature Dependence <> band-gap energy

O
= _
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Temperature[K]

*No big differences seen
*Silicon’s band-gap energy E,(0) is 1.166 eV, but this result doesn’t
consistent. (For all type of guard ring, fitting parameter pl~1.7.)

- Perhaps this is caused by effect of current from edge.
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Result of Humidity dependence

Humidity Dependence

10 Voltage 120 V, Temperature 20 deg C

I

'

Dark Current[nA] / pixel

o

F .
® Oguardring

< 4 x 4 pixels

@ 2 guard rings |

1 guard ring )

< 3 x 3 pixels

v 4 guard rings)

10—1|||||||||||||||||||||||||||||||||||||||||||
35 40 45 50 55 60 65 70

Humidity[%]

*No big difference seen
*As humidity increase, dark current tend to increase. (unknown reason)
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Example : result of 1 guard ring
Problem

(Temperature dependence)

Temperature Dependence

K3
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 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)



3-2 Laser injection
Specification of laser Setu P

CRYLAS GmbH
DSS1064-Q2 (Class 3B)
Wave length : 1064 nm >
Pulse width : ~ 1.5 ns
Pulse energy: > 20u/pulse
~ 10% photons/pulse
Peak power : > 13kW ->use ND filter
Reputation rate : 1 kHz
Laser spot size : < 20 um

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

¥

A photon can product an electron-hole pair.
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-The Laser is irradiated to gap because pixels are covered

by aluminum electrode.
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3-2-1 Injection to the edge
Results of 1 GR

Horizontal axis:Response of ch 1 [mV] (~Laser Power)

1 guard ring Vertical axis  :Response of each pixel[mV]

ch1l ch 2 ch3
© 11.6318 % ® 23.81149 .
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ch-4 ch:-5 ch 6
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" Crosstalk was seen because current flows along the guard ring.
“We are able to get reproducible results. 14



3-2-1 |Injection to the edge
Results of Others

Horizontal axis:Response of ch 1 [mV] (~Laser Power) & )
Vertical axis  :Response of each pixel[mV] : ‘

no guard ring 2 guard rings
‘ : 0.0;85 % : -0.;100 % ‘ 3 -0.;833 % : -0.;971 % . La S e r p O i nt
:m X " 1‘* i wvervevwi e % vi X :
0.2692 % : -0.0216 % : »0.6297 % t 2.0945 % : -0.5989 % : -0.2659 %
.

-0.1166 % : -0.1768 % : -0.0296 % : -O.;OSl % : -0.4143 % : -0.;334 %
2 v, Sowwwvewe:.u

-0.1061 % : -0.0659 % : -0.;)241 % : -0.5233 % : -0.4275 % : -0.::772 %
. . -

4 guard rings
® w0 | | =There are no significant crosstalk because
PPN S - Si-pad doesn’t have guard ring.(no GR)
[ oo | | owmow| | osoe - Guard rings are separated.(2,4 GR)
b~ L. . L. |Socurrent cannot flow to other channels.
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3-2-2 Injection inside pixels

Acrylic Readout pin

~
\

V4 ya
Laser point




3-2-2 Injection inside pixels

Results

Horizontal axis: Response of ch 4 [mV] (~Laser Power)

Vertical axis

@

: Response of each pixel [mV]

ch.1 ch.2 ch.3
0.0859 % 0.0666 % 0.2033 %
ch4 . ch.5 ch 6
0.5347 % 1.3309 %
Q o % kot % 4 ‘st . } 4 ot ht——trdt—— ‘it
ch.7 ch-8 ch9
1.0741 % 0.0796 % £ 0.1368 %
* Almost all channels, crossta

@ ® Laser point
ch.1 ch.2 ch.3
0.0477 % 0.0384 % 0.1767 %
ch4 ch.5 ch 6
0.4571 % + 2.7206 %
ch-7 ch-8 —ch9
1.1755 % 0.0680 % - 0.1442 %

uuuuuuuuuuuuuuuuuuuuuuuuuuuu

k < about 1%

uuuuuuuuuuuuuuuuuuuuuuuuuuuu

Optical crosstalk seen at ch 6 -> to be fixed



4. Summary & Conclusion

Temperature and Humidity dependence

- No significant difference is seen among guard-ring
types.

- Reproducibility have to be improved.

Laser injection at the edge

- Crosstalk is seen at the 1 guard-ring type (floating).
- Crosstalk is not seen at 0/2/4 guard-rings.



4. Summary & Conclusion

Laser injection inside the pixels

- Crosstalk between pixels is at 1 percent level.
- Optical separation must be improved.

Conclusion

- Currently we do not see any disadvantages in no
guard-ring sensors.

- Crosstalk from the guard-ring should be avoided.



5. Plan

Measurement of
- Meshed electrode chip (continue)
- Grounded guard ring
- Thicker chip






backup

Band-gap energy is also depend on temperature.

ar’
E (T)=E,Q0)-
Silicon I(T) = AT eXp(_m)
E,(0) 1.166 eV
a 4.73 X 104 eV/K
b 636 K

X 1f T=293.15 K(20°C), Eg(T) is 1.122252312....
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Latest version(temperature dependence)

backup

Temperature Dependence

©
X
§_ c2/ ndf 214/ 2| | €2/ ndf 9.022/2
g Prob 0 Prob 0.01099
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backup

Circuit(Measurement of laser irradiation)

x12ch
or

X9ch

1 pixel

-100V

12ch
pre-amp

HV

NIM
16 ch
shaping-amp

CAMAC
PHADC

PC
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® Laser point Horizontal line: Response of pixel close to laser point[mV]

Vertical line  :Response of each pixel[mV]

backup

All 1 guard ring

Serial Number of Si-pad
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3-2-2 Inject to center of pixel
Results

Horizontal axis: Response of ch 4 [mV] (~Laser Power)

Vertical axis

@

: Response of each pixel [mV]

@ ® Laser point
ch-1 ch-2 ch:3
0.0477 % 0.0384 % 0.1767 %
ch4 ch5
0.4571 %
chZ ch-8
1.1755 % 0.0680 %

chl ch-2 ch3
0.0859 % 0.0666 % 0.2033 %
ch 4 ch'5 ch 6
O 0.5347 % 1.3309 %
% t-—t=teh ot b s ! -\.‘ b
ch7 ch8 Ty
1.0741 % 0.0796 % - 0.1368 %

* Almost all channels, crosstalk < about 1%

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

- optical crosstalk seen at ch 6 -> to be fixed

aaaaaaaaaaaaaaaaaaaaaaaaaaaa
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1 guard

2014/9/23

2014/9/25

ch2 ch3 chl
0.0866 % “F 0.3094 % F 0.4634 % - 0.9751 % E 2.0306 % 1.7677 %
e X X * % " ¥ ¥ Ff———e————*| ™ E—— u*___*____#—*-
chd ché chd
0.4777 % b 7.2979 % 3 4.7641 %
% AN * 13 QW
o o p
0.0556 % 3 0.2018 % “F 0.1091 % E 1.9695 % a 4.6793 % 19.0650 %
= % % X = * ¢ * * % *——% Ee——e——X—% b

Reproducibility was not seen.
Laser is reflected by Si-pad.
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0 guard

2014/9/23
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Reproducibility was not seen.
Laser is reflected by Si-pad.
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