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NGO Outiook

* |nvestigate reverse bias current of irradiated
silicon strip sensors

— Determination of effective energy E_
— Current related damage rate a

* Shallow radiation damage generation
— Geant4 simulation
— Results from first irradiation
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Reverse bias current characterisation
of silicon strip sensors
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* Current scaling:

2
I(Te) _ (T2 . (ZEerrTi—To
Ity \1) “P\ 2k 1T,

E.rr: effective energy (1.21410.014eV [1]); T;: measurement
temperature, T,: scaling temperature; kg: Boltzmann constant

Use for scaling of current to different temperatures

* Current of irradiated sensors

I(cbeq) _ I(CDO) .
v = ad,,

V: depleted volume; @, : equivalent fluence; I(Py):

nonirradiated current ; a: current related damage rate (depends

on annealing time)

[1]: A. Chilingarov; Temperature dependence of the current generated in Si bulk; 2013_JINST_8_P10003
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~Bivileel Sensors/Measurements

* Irradiate silicon sensors to different fluences
— Protons (Birmingham):
e ATLASO7 MINI (293um): 1x10%% to 1x10%° neq/cm2
— Neutrons (Ljubljana):
* ATLASO7 MINI (293um): 2x10% to 2x10% n,,/cm?
* Micron 2437 (143um): 2x10** to 2x10* n,,/cm?
* Micron 2923 (108um): 2x10**to 2x10'® n,,/cm?
* Micron 3107 (50um): 1x10* to 2x10'® n,,/cm?

* Glued PT1000 temperature
Sensor on sensor

* Perform IV/CV measurements in
a freezer at different
temperatures from -23°C to
-15°C (at least 2 per sensor)
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New Liverpool setup

Mounting Plate

N O ik,

I.!.

b

N O ~ b

C |

preve S OW OT O 0 :

%

-. ¥

eat loop Dge e DOIT3 0 |
elpurg reve 5 0N SENSO

23/02/2016 S. Wonsak; 11th Trento workshop 7




LR IVERSZITY BF

& LIVERPOOL

| Temperature Difference (T1-T2) |

AT [K]
-
IS b &
*s

&
o

&
o

I.‘I.Illllllllllllll
[ I oe®

&
....*...

4

<

-
R

orT

E,, vs Voltage |
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[#]
L5

/

Temperature oscillations
due to freezer -> can be
seen as well in current
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Calculated E,,
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~BiIviNeel E.. for different thickness

;‘ 1.5 ] E!ff after 0.3d annealing (A) ‘ weighted mean: 1.07995 +0.00152461 eV | ;‘ 1.5 ] E!ff after 0.3d annealing (A) ‘ weighted mean: 1.0438 +0.0035093 eV |
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Comparison Liverpool - Freiburg

Sensors of same type and from same irradiation also measured at Freiburg with a cold chuck

setup
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* Scale currentto 21°C
— Use E_ value from fit for scaling
— Fit straight line in Al/V vs ¢ plot

* low irradiation fluence ( < 1x10*>n,./cm?)
* high irradiation fluence ( 2 5x10* n,./cm?)

e But: sensors not fully “depleted” (particularly at
high fluences)

— Geometric current related damage rate a*:
* Instead of unknown depleted volume use the geometric
volume

* For fully depleted sensor a* is equal to the standard
definition of a
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Shallow radiation damage
generation
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* Create a multiplication layer close to the strip
surface:
— Use a well defined proton beam at Birmingham to

generate radiation damages close to the sensor
surface (=20um)

* Geant4 simulation to find optimal parameters
— Beam Energy
* min 10.8 MeV

— Absorber Material
* Perspex
 Lead

— Absorber Thickness
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el Birmingham Beam Setup

Absorber

Mylar Foil  Silicon
Beam Window

Foil: Ni; used for
dosimetry

Beam pipe

Picture: Kerry Parker, The Birmingham
Irradiation Facility, IOP 2015
Manchester
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Absorber B silicon

Mylar Windows
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Energy deposition in silicon, variable energy

_ summaryHistoAD . . .
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Dosimetry also not an easy task
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. Test in December:
— 11MeV beam => no particles after

absorber
* Beam pipe window not in simulation

— 12MeV beam => see protons after Gafchromic film

absorber 12MeV after absorber
* Perspex absorber destroyed during initial \

measurement for dosimetry
* No issues with lead absorber

— Irradiation at 12MeV to target of
1x10% n,/cm?.
* New simulation of irradiation

Sensors irradiated at Ljubljana

— 1x10% and 5x10% n,./cm? with one
control sample each

Perspex absorber

Thanks to Vladimir and Igor for 12MeV, few minutes
doing this in time for this workshop beam
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LIVERPOQL Geant4 simulation

Total Energy Deposition

Total Energy deposition in silicon per event
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Collected Charge [ke]
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LIVERPOOL 1x10% n,./cm?

--downstream, bottom
right

-o-downstream, bottom
right, 1E15

1E15 reference

Sudden trop from

1100V to 1300V

- Has not lower

charge at second

measurement

= Needs further
investigation
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LIVERPOOL 5x1015 n,,/cm?
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E
eff
— constant up to a fluence of 5x10* n,,/cm?* (= comparable with
literature value)

— for high fluences observe decrease with increasing fluence
e a*:
— For low fluence sensors good agreement with the expected
literature value at high voltages
— At high fluences, a* increases with increasing voltage

* First irradiation to generate shallow radiation damage in silicon
sensors was successful

e Samples were irradiated afterwards at Ljubljana to 1x10'> and
5x10% n,./cm?

— 1x10%> n_,/cm? the sample shows more collected charge at very high
voltages than directly after the Birmingham irradiation
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Backup
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Measured Current, Hamamatsu

Current for different fluences
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I @@ R Reverse bias current at 2x10*° n,,/cm?

——y— 300um, 2E16, 30d (-23°C) PT1000

IV compare for same fluence (2E16), area normalized
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Reverse bias current becomes independent of sensor thickness at high fluences
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Good Events for 300um absorber thickness
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Current, scaled to -25°C
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Shallow radiation damage

Collected Charge
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