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1. Pixelized silicon detector
uard rin
Pixelized silicon detector(Si-pad)

*Produced by Hamamatsu Photonics. T
“Pixel size : 5.5 mm x 5.5 mm
*Thickness : 320 um

16 x 16 pixels

Sensitive area

>¢Some chips have guard-ring(s).

Advantage : Collect surface current, Decrease dark current, etc.
Disadvantage: Decrease sensitive area, Arise crosstalk, etc.

Motivation
Studying characteristics of silicon sensors for optimization
- Comparing effect of guard ring
- Measuring cross-talk between pixels ,




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 injection
Measurement of laser injection for Si-pad.
- Inside pixels (to see inter-pixel cross-talk)



Baby chip(to compare guard rings)

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

4 x 4 pixels 0 guard ring 2 guard rings

. Sensitive area
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Structure of guard ring (Outline)

1 guard ring 2 guard ring

5.5mm

T HH

| |
|

'\ / 2 Structure of 4 guard ring is the same
Guard ring as this type.

5.5mm
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2-1 Temperature dependence
Setup
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Result
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-Significant difference was seen.(max 0.1 nA/sensitive 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 E (0) is 1.166 eV, but this result is not consistent.
(Fitting parameter pl =1.7)

B Temperature Dependence < band-gap energy
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2-2 Laser injection
Setup

Specification of laser

CRYLAS GmbH
DSS1064-Q2 (Class 3B)

cWave length : 1064 nm >
Pulse width : ~ 1.5 ns

Pulse energy : > 20u)/pulse 13
~ 1014 photons/pulse R

Peak power : > 13kW -> use ND filter

Reputation rate : 1 kHz

Laser spot size : < 20 um

1064nm =1.16 eV
(3Silicon ‘s band-gap energy is 1.12 eV)

¥

A photon can product an electron-hole pair.

preamplifier



2-2 Laser injection
Setup

High energy l SiO, protective film

Measurement Box

*This box can individually read out each pixel

0148 N‘M Olfa o§ GI:G

Spring pressure: 110 gf

/

Box (Side view) /
Read out pin :
Solder Acrylic
Tmm
~2.5mm T

wcrylic




2-2 Laser injection

Setup
Data taking circuit
Response of pixel close to laser point
Keithley 6517B
(Voltage: -100 V)
19 ch NIM
¢ 16 ch
pre-amp shaping-amp
Measurement Box ZS
a1 PC (Linux) CAMAC
777 PHADC
X 9 pixels
Trigger: Incident of laser
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2-2 Laser Injection (inside pixels)

Baby chip (for laser injection inside pixels)
Pixel size : 5.5 mm x 5.5 mm Thickness: 320um
0 guard ring only \
5.5mm
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Schematic diagram ¢ Except for the light-injected pixel,
Si-pad was masked by black sheet.

® Laser point
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® Laser point

Result

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

ch 4

ch1 ch?2 ch 3
0.16 +/- 0.01 % 0.15 +/- 0.01 % 0.23 +/- 0.01 %

a » g S
8 8 8 3 8
T T T

00 4000 500 1000 0 4000

ch 5 _ ch 6
0.35+-0.02% [ 0.25+/-0.01 %

- n © 5
8 3 8 8
T T T T

ch7 ch 8 ch 9
0.28 +/- 0.02 % ] 0.13 +/- 0.01 % 0.16 +/- 0.01 %

3

o » @ 5
8 8 3 3
T T T

*All channels, cross-talk < about 0.5%
*We are able to get reproducible results. 12



2-2 Laser Injection (inside pixels)

Baby chip (for laser injection inside pixels)
Pixel size : 5.5 mm x 5.5 mm Thickness: 320um

0/1 guard ring \

5.5mm

X Except for injected pixel,

Schematic diagram Si-pad was masked by black sheet.

® Laser point
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® Laser point

Vertical axis

0 guard ring

Result

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

1 guard ring

ch1

1 =}
CIr £

th3

ch1

cth2

ch3

0.08 +/- 0.01 %

0.06 +/- 0.01 %

500 000 100 2000 o0t

0.16 +/- 0.01 %

500 000 1500 2000 200t

0.17 +/- 0.02 %

R e S ==~ T I T
S0 onTa00 2000 Za00 a0o0 500000

0.12 +/- 0.01 %

0.20 +/- 0.02 %

500000 1500 2000 2500 5000 500 4000

ch 5 ch 6 ch5 ch 6
0.57 +/- 0.05 % 0.35 +/- 0.03 % 0.29 +/- 0.02 % 0.15 +/- 0.01 %
R R ey R S R e R St R S T R
ch?7 ch 8 ch9 . ch? ch 8 ch9
0.48 +/- 0.04 % 0.09 +/- 0.01 % 0.12 +/- 0.01 % 0.28 +/- 0.02 % 0.13 +/- 0.01 % 0.12 +/- 0.01 %

Bttt s
S0 000 1500 2000 200 G00 O -aes

*No big difference was seen.
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3. Summary & Conclusion

Summary

- At most 0.1 nA / sensitive 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 O guard
ring sensors.



4. Plan

Plan
- Temperature dependence (continue)
Edge current, systematic error, etc...

Individually read out each pixel
- Meshed electrode chip (continue)

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

(- Grounded guardring )
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backup

Band-gap energy is also depend on temperature.

aoTl”
E (T)=E,/0)-
Silicon 1T =4T exp(_m>
E (0) 1.166 eV
a 4.73x10* eV/K
p 636 K

S¢If T=293.15 K(20°C), Eg(T) is 1.122252312....



From my slide@LCWS14

backup

Example : result of 1 guard ring

P ro b | em (Temperature dependence)

Temperature Dependence
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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)



Result

Temperature Dependence Q band_gap energy
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*Normalized by the number of sides(NOS).

- To take account of edge current.
*Silicon’s band-gap energy E (0) is 1.166 eV, but this result is not consistent.
(Fitting parameter pl =1.5)
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Horizontal axis: Response of ch 1 [mV] (~Laser Power)
Vertical axis :Response of each pixel

Results of 1 G

® Laser point

ch1 ch?2 ch3
11.63 % ® 23.81 %
1 ch4 - ch 5 - ch 6
12.26 % 0.23 % 12.08 %
ch?7 ch 8 ch9
23.70 % o 12.59 % “ 24.21 %

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



® Laser point

Horizontal axis
Vertical axis

Results of Others

: Response of ch 1 [mV] (~Laser Power)
: Response of each pixel

0 guard ring

0.08 %

-0.01 %

0.27 % -0.02 % -0.03 %
-0.12 % -0.18 % -0.03 %
-0.11% -0.07 % -0.02 %
4 guard rings
0.19 % 0.14 %
3 2.06 % 0.12 % 0.11 %
mW“ 23 3
0.12 % 0.10 % 0.04 %

2 guard rings

-0.28% 3 -0.60 %
=S
2.09% 3 -0.60 % 3 -0.57 %
-0.50 % 3 0.41% 3 -0.53 %
B =
0.52% 3 0.43 % 3 -0.68 %

- 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)
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Laser point

All 1 guard ring

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

Vertical line

‘ No.10-1 1

11.6318 %

“F 23.8114%

a

12.2619 %

0.2323 %

12.0767 %

L

t 23.69959

12.5944 %

L

b 24.2138%

‘ No.10-1

10.3073 %

-

3 20.0430 %

10.3833 %

0.0671 %

9.7531 %

X

t 19.9989 %

9.3483 %

L

F 20.3284 %

: Response of each pixel[mV]

baCkLin —

2.9653 %

7.1669 %

3.4229 %

,:;(_——k——“rf’—*

0.1603 %

3.1305 %

7.5311 %

L

2.1672 %

7.1366 %

‘ No.2-2

1.7500 %

6.1814 %

2.3858 %

0.0761 %

2.3582 %

6.3214 %

1.7070 %

6.5065 %

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

backup

3-2-2 Injection inside pixels

Results ch4 ch6
Horizontal axis: Response of ch 4 [mV] (~Laser Power)
Vertical axis :Response of each pixel [mV]
@ @ ’ ® Laser point
chi ~  ch2 . ¢ch3 . cha1 ch2 ~¢ch3
0.0859 % 1 0.0666 % 0.2033 % 1 0.0477 % 0.0384 % 1 0.1767 %

ghﬁ. ~¢ch5 ch4 ch-5 ch 6
- 0.5347 % ] 0.4571 % _ 2.7206 %
]
S ® | A
-
ch-7 ch-8 . +—¢h7 ~ch8 . ch9
1.0741 % : 0.0796 % 0.1368 % 1.1755 % ’ 0.0680 % ] 0.1442 %

* Almost all channels, crosstalk < about 1%
* Optical crosstalk seen at ch 6 -> to be fixed
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backup

Laser system is the same setup. Acrylic sheet Readout pin

Only 0 guard ring

|

T

| B

©

Laser point 25
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Vertical axis

®

backup

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

: Response of each pixel

@

ch 4

ch 6

® Laser point

cht ch2 ch3 ch 1 ch2 ch3
0.16 +/- 0.01 % 0.15 +/- 0.01 % 0.23 +- 0.01 % 0.16 +/- 0.01 % 0.19 +/-0.02 % 0.33 +/- 0.01 %

ch 4 ch5 ch 6 ch 4 ch5 ch 6
,ﬂﬂy %. 0.35 +/- 0.02 % 0.25 +/- 0.01 % y % 0.35 +/- 0.02 % 0.24 +/- 0.01 %

ch7 ch 8 ch 9 ch 7 ch 8 ch9
0.28 +/- 0.02 % 0.13 +/- 0.01 % 0.16 +/- 0.01 % 0.29 +/- 0.02 % 0.16 +/- 0.02 % 0.17 +/- 0.01 %

* All channels, crosstalk < about 0.5%

*We are able to get reproducible results.
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Horizontal axis: Response of ch 4 [mV] (~Laser Power)

Vertical axis

®

: Response of each pixel

@

ch 4

ch 6

® Laser point

........
uuuuu

o
of

Rt

2 g

<t

........
uuuuuuu

........
uuuuu

ch1 ch2 ch3 ch1 chr2 th3
T 0.16 +/- 0.01 % T 0.15 +/- 0.01 % T 0.23 +-0.01 % 0.16 +/- 0.01 %4 0.19 +/- 0.02 % 0.33 +/- 0.01 %4
“’W ‘UW ‘u:{_;_}/ L] — - — — — ‘e:-. = - -
ch4 ch5 ch4 ch 5
0.35 +/- 0.02 % 0.25 +/- 0.01 % 100.00 % 0.35 +/- 0.02 % 0.24 +/- 0.01 %4

.........
uuuuuuuuuuuuuuuu

.........
uuuuuuuuuuu

ch?7 ch 8 ch9 ch?7 3 ch9
0.28 +/- 0.02 % 0.13 +/- 0.01 % £ 0.16 +/- 0.01 % 0.29 +/- 0.02 % 0.16 +/- 0.02 % 0.17 +/- 0.01 %
W L - == a

T

T

Expanded for Y axis

* All channels, crosstalk < about 0.5%

We are able to get reproducible results.
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® Laser point

Vertical axis

0 guard ring

Result

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

: Response of each pixel

1 guard ring

ch1

1 =}
CIr £

th3

ch1

cth2

ch3

0.08 +/- 0.01 %

500 000 100 2000 o0t

0 G000 GO0 000

0.06 +/- 0.01 %

500 000 1500 2000 o0t

0 G000 GO0 #000

0.16 +/- 0.01 %

500 000 1500 2000 o0t

0 G000 GO0 000

0.17 +/- 0.02 %

500 000 1500 2000 2500 5000 500 4000

ch4

R e S ==~ T I T
S0 onTa00 2000 Za00 a0o0 500000

0.12 +/- 0.01 %

0.20 +/- 0.02 %

500000 1500 2000 2500 5000 500 4000

ch 6

‘T 100.00 %

—

0.57 +/- 0.05 %

0.35 +/- 0.03 %

o
:/._.
:

100.00 %

ch5
0.29 +/- 0.02 %

0.15 +/- 0.01 %

e e . B ey B syt B Rtk GO Rl L
ch?7 ch 8 ch9 ch?7 ch 8 ch9
0.48 +/- 0.04 % 0.09 +/- 0.01 % 0.12 +/- 0.01 % 0.28 +/- 0.02 % 0.13 +/- 0.01 % 0.12 +/- 0.01 %

*No big difference was seen.
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® Laser point

Vertical axis

0 guard ring

Result

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

: Response of each pixel

1 guard ring

cht ch2 cth3 cht ch2 cth3
0.08 +/- 0.01 % 0.06+-0.01% £ 0.16 +-0.01 % 0.17 +/- 0.02 % 0.12+-0.01% - 0.20 +-0.02 %
2°£-—0—o—*—‘—0—'———“’— :0;.._..._.-—4-0———*"—
ch4 ch 5 ch 6 ch4 ch5 ch 6
£100.00 % £ 057+-005% § 0.35+-0.03% £100.00 %  029+-002%  § 0.15+-0.01 %
:oE :OM :oi—.—n-v—"""‘-'__"._.-_ :nE tw :n
ch?7 ch 8 ch9 | ch?7 8 ch9
+ 0.48 +/- 0.04 % 0.09 +/- 0.01 % + 0.12 +/- 0.01 % + 0.28 +/- 0.02 % 0.13 +/- 0.01 % " 0.12 +/- 0.01 %
P S

Expanded for Y axis

*No big difference was seen.
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