<

Annealing Study
of Proton and Pion lrradiated
Silicon Pad Detectors

Hiroki Sumida
PH-DT Detector Development

Summer Stfudent Session
13t Aug, 2014




Outlines

« Silicon Sensors

« Radiation Damage
« Annealing

« Silicon Diodes

« CV/IV Setup

« CV/IV Measurement
« TCT Setup

« TCT Measurement

« Summary & Outlook

Summer Student Session

13 August 2014



3
1 N-region P-region
Silicon Sensors e rE Ta T
+ o+o+: +i_' - '0'-__
« Silicon diode .0 0% [%i|%% e a"
Voltage“

* pn-junction : build in depletion region
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« Detection of ionizing radiation

 |lonizing radiation creates electron — hole
pairs within the depletion region

« e/h pairs are separated by the electric
field in the depletion region

« Charge signal is induced by movement
of e/h pair

® : holes - : Negative Acceptor ion
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Radiation Damage

« If Si diodes are exposed to radiation (proton, neutron, pion , etc...)
— properties of silicon change
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« radiation introduces defects within silicon
(a): Change of effective number of donors/acceptors
— Change of depletion voltage

(b) & (c) : Thermal fluctuation
— trapping and de-trapping of electrons and holes
— charge signal lost (tfrapping time > 25ns(LHC bunch crossing time))

(d) : Creation of intermediate levels between valence band and conduction band
— Leakage current increase 13 August 2014
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* 14 samples
« 2 unirradiated samples | ) |
« 2 proton irradiated samples (CERN PS irradiation)

« 10 pionirradiated samples (PSlirradiation) | ,
. . ——> /
« Doping type : p-in-n G . 200um Al contact (grid)
uard ring
e Size : 5.00 mm x 5.00 mm
« Thickness : 300 um
» Thickness of p* and n* : <3 um

Irradiated samples

Particle fluences =
Front side Back side

proton 24 [GeV/c] 1.01,9.64 [x10"% p/cm?]

0.0134, 0.0274, 0.0768,
pion 300 [MeV/c] 0.2411.07,3.70,10.0, 17.1,
42.6, 51.2 [x10'3 11/cm?]
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CV/IV Setup

Pad -§ -HV .
Diode { X <— Guard Ring 25’3 Diode{ ‘/<—Guard Ring
Cooling Flate 8 LCR meter Cooling Plate .
Pico ampere meter
C-V measurement -V measurement

Surface current : read out with the probe needle (Blue)
Pad current : readout with the probe needle (Red)
Temperature : -20°C,-10°C, 0°C, +10°C, +20°C

Frequency (for C-V measurement)
» Unirradiated diodes : 1k, 10k, 100k, TM, T0M [Hz]
 Irradiated diodes : 200, 500, 1k, 5k [HZ]
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« measure leakage current and ~ IV measurement
capacitance of diodes against bias E | | ' ' | :
vol’roge g omp unirradiated W331 17 =
« Above breakdown region, exponential :F : E
. s E Breakdown region / 13
increase of leakage current $ ]
T E plateau l E
T F — A \ ]
) ) 0.05— Vbd —
» Plot data on double-logarithmic graph - r DI
of CV Bias voltage [V]
—Full depletion capacitance and voltage CV measurement
= | unirradiated W331_C10
Eowz Fiill:dAanlatian noinf
. ailr:u hJ CIVIT ' PYUlTic
* Result .y \ lateau
. A
Vaep < Vg (for all diodes) Cou Bitae LT \
Cdep: 2~11 [pF] (unlrrqdlofgd) Full depletion capacitance
Caep : ~? [PF] (proton iradiated)

0 o Viep logV [V]
) Full depletion voltage
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TCT Setup

Summer Student Session

diode
Silver glue
T aa— I
PCB PCB
T Cu

Laser from the front

Laser from the back

......

Used laser : Red (660nm), IR (1064nm)
Max bias voltage = -1000V
Temperature : -20°C, 0°C, +20°C

Measured points
* inthe circle hole (front side of diodes)
« inthe gap of grid (back side of diodes)
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TCT Measurement

Red laser from the front

e/h pairs & > signal
« TCT : Transient Current Technique I VI |
« enables to study the influence of Depletion -

radiafion damage in sensor material g || ° / Flectrons drit

. from high to low
« Use picosecond laser pulse 1/ electric field
The signal of electron for unirradiated diodes (Red laser)
« The signal of electron is obtained by E _
red laser shoot from the front of > signal
diodes I

« The signal of hole is obtained by red Dpepletion |
laser shoot from the back of diodes ~ mson | |ee /.

74t 1 _ from low to high
. ~ electric field
e/h pairs 3

[ o 4

ISignal < E (by RaMo’s ’rheorem) Red laser from the back

The signal of hole for unirradiated diodes (Red laser)
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TCT Measurement

Laser from the front Laser from the back

signal voltage [mV]
=

signal voltage [mV]
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Summary & Outlook

» So far

« CV, IV measurement of unirradiated and proton irradiated
diodes

« TCT measurement of unirradiated diodes

« Now
« CV, IV measurement of pion irradiated diodes

« Qutlook
« Annealing study ( CV.,IV and TCT measurement )
« Comparison with the simulation of aneealing

Annealing fime [min] 10 160 640
Total annealing time [min] 10 80 160 320 640 1280

Annealing temperature : 60°C
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Annealing

« Long term performance after aging
« Process : warming up high temperature (60°C, 80°C)
— change of defect properties

c-0-@ @-0-0
defect

X defect 1 defect 2 defect 3

(a) (b) (c)

~
\
1

T defect

(a): Migration through the silicon lattice
(b): Complex formation (X is same defect, different defect, silicon lattice, etc...)
(c): Dissociation ( the latftice vibration energy > the binding energy)
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