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Negative effects at radiation damage of SiPM

|y —dark current SiPM increase
F,—dark count SiPM increase
6, — noise SiPM increase
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Evolution of the SiPM noise after irradiation by fast neutrons:

(A) — Spectra and shape pulse of the noise for non irradiated SiPM (S13360-1325CS) at +25°, Vov=5V, thr=0.5
pix, t.= 25 ns.
(B) — Spectra and shape pulses of the noise for irradiated ®=5,4x10'?cm SiPM (S13360-1325CS) at -22°,
Vov=3V, threshold=3%o,, t,= 25 ns

TightVNC: x11
™ Applications Places System %@

~e) () (%

Fri Jan 6, 15:46:44

™ Applications Places System %@

TightvNC: x11

~) () 3

Tue Jan 17, 17:20

ADCM Control Panel ADCM Control Panel (==
File Setup Statistics Options Help File Setup Statistics Options Help
Reset Settings | Histograms | Decoder info| Heset Settings | Histograms | Decoderinfo|
|E IZiS Ilnv |v |ﬂ Ithr |f. kHz | Window, ns [¥] Cut. ns |E |21'5 I\nv |v Ir.[ |thr If.kHz Window, ns [¥] Cut. ns
I M@ O 300 of mw  2m0 [ g ppo 7 | 0 i 1 0@ O 300 weo e0 2 g | O
2_ 1000 ° Lat 310 L=dT=R : 2_|:| 10001 Lat 30 o L=<dT=<R )
T: 8:07:36.6 EMiLc 100 0 - T 3 |0 Lo0| @ =ire
MB/s: 0.080 4 [0 g 20 ° 10000~ Lye/s: 0.000 4|00 O 20 8,000 _
GB: 15.3 g O O 20 0 1 MB:  1616.7 s |0 O 20 ] e
[ [T} (O O 500 0 [ || | 0 500] 6.000
ng o ] ;_|:| s00| 3
Ook @en |20 O 100 0 95007 Oor @rn ||E 10 O soo| 4,000
) offset () Shane 19 200 104.840 | w O offset O Shape ||| 2 2500 41927 4 ]
v Integral 9 * : ; v Integral 9
B Entries 6846542 H 1.000 7 i Entries 4394232
Over 0 j H 7 Over |0
Under |0 : : 800 Under |0
sum  [6.847e+06 1] : : ] sum  [4.332:+06
Mean |5.742e+02 W Hrg Mean [2.560e+03
FWHM [3.92e+01 1 aeid W ] FWHM [5.22e+03
RM5  1.67e+01 - |.0.06 '022 400 7] RMS  2.22e+03 f_g_u:g_l
Res. 6.83 % 7F"I"‘r'T"‘F"I"‘|""F"F'T"|"‘F"|"7"‘|’T’“F‘“V"| 7 Res. 204.05 % \'I'\'I"\';‘\'I‘\'I‘|'I‘|'I‘|'I‘|'I‘|
Save F0.4-0.2 0 0.2 0406 08 1 1.2 14 200—: — 4-02 0 02 0406 08 1 12 1.4
[] offsetComp [ Filter [] Averaging - OffsetComp [ ] Filter [] Averaging
Close 0 ' Close - .
ADC16-LTC Firmware wer 1.0.10193 5/N 1698 56.6 °C — — : ADC16-LTC Firmware ver 1.0.10193 5/N 1698 59.0 °'C
’E =3 ‘ (] adem ’E




Tashkent-Samarkand, Uzbekistan, 12-15 September, 2018

Joint Institute for Nuclear
Research

20t Annual RDMS CMS Collaboration Conference }CMS?E

Which part of SiPM dedicated of the value dark current?
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Dark current SiPM increasing in space-charge region (SCR) at Uop<Ubr (M=1)
lgy=a-®-V, where:

a — current constant of damage (5x107"7 A/cm, at +20 C, En=1MeV),

® — fluence, V — volume of SCR detectors.

Calculated Id:

Vis12571-010c)=3,5x10"%cm?3, a (+23,8°c)=8x107"A/cm, ®=3,56x10" cm 2 => Id= 1x10"7 A
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Radiation damage of SCR for SiPM (S12571-010C)

(high resistivity epitaxial layer of SiPM)
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Compare of the damage by fast neutrons for different types SiPM (HPK)
(§12571-010C, $12571-015C, $13360-1325CS) vs Uov and @ at t=-22°C
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“Compare of the damage after irradiation ®=5,8x10"cm™2 for different types SiPM
vs Uov and M at t=-30°C
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Conclusion

At irradiation by fast neutrons of silicon always form in crystal volume structural
defects

Radiating defects form in the forbidden zone of silicon energy levels so called “the
deep level”

Thermal current of SiPM at Uop<Ubr (M=1) after irradiation by fast neutrons can
be calculated

Deep levels is source of thermal current in region SCR, which magnification (M>>1)
up to high value of dark current at Uop>Ubr (Geiger-mode)

Radiation hardness of Silicon Photo Multiplier impossible to increase, because a, -
current damage constant independent from type of Si crystals (CzSi, CzMSi, FZ-Si,
Epi-Si).

Dark current of pixel can be decrease only decrease thickness of SCR (decrease
PDE) and decrease area of pixel (decrease M)

Research and development of semiconductors of PM on crystals with bigger value
forbidden gap (AE=5.5+1.46 eV - SiC, C, GaAs, CdTe et all) can be increase
radiation hardness in compare with Si
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Dark current SiPM (5S13360-1325CS) at four point fluence
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Noise (r.m.s. pixel) vs Vov for irradiated SiPMs (three types) at -28°

o,(r.m.s. pixel) = (o,(r.m.s. ch.ADC)x1ch.ADC,(e/ch.ADC))/M,(e/r.m.s.pixel)
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12 18
16
1o }/% o ) %
26 M —~—1325¢cs | | T 10 : — ——1325CS
: MM _ 5 8 —0—010C
o T —0—010C )
s * - B - 5 6 i
E M ——015C 5 . {l/ —— 015C
2 —E /
2 FAY
0 TR S S S S N . -
° ' 2 3 4 > 0 1 2 3 4
Vov, V Vo, v
(A) = ®=5,4x10"cm™ (B) - ®=2,1x10%cm2

12



2nd CMS Workshop "Perspectives on Physics and on CMS at HL-LHC" LV

Joit .ngm.n for Nuclear Varna, Bulgaria, August 29-September 1, 2017

Research

Noise SiPM (type $13360-1325CS) vs temperature at different value Vov after irradiation
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SiPM type S12571-015C after irradiation (IBR-2, JINR)
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Dark current SiPM (S12571-015C) at the same value of
fluence irradiation and measurements in JINR and CERN
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Y. Musienko, CERN, 2018
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