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Current Parametrization =X
23 GeV proton irradiated Neutron irradiated
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@ Good description of data
@ The dependence on the initial concentration is “strange”: ¢(Neso) — ¢(Nes)
Change the parametrization
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Attempt Using Defect Kinetics :P<
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Reactions from M. Moll, VERTEX 2019

Sij + Bs — B; B + O; — B;O;
@ In high p Si: [O] > [B]
dNs ( aNp ) @ For each removed B a B;O; is created
dp — 7'\aNs+k @ Change of N,y is 2 times faster than Bs
ANerr 2%
@ g;: introduction rate of Si; dyp  ~ do

@ aNg + k: all reactions of Si;
@ Termin (...): probability to interact with Bs

Nt = “W (Noo s exp { % (Nao — 2616) } ) + oo

@ W: Lambert function (product log function)
@ Added linear term
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Attempt Using Defect Kinetics -:’<
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Reactions from M. Moll, VERTEX 2019

Sij + Bs — B; B + O; — B;O;
@ In high p Si: [O] > [B]
dNs ( aNp ) @ For each removed B a B;O; is created
dp — 7'\aNs+k @ Change of N,y is 2 times faster than Bs
ANerr 2%
@ g;: introduction rate of Si; dyp  ~ do

@ aNg + k: all reactions of Si;
@ Termin (...): probability to interact with Bs

Now = “W (oo exp { & (Nao — 2016) } ) + e

@ W: Lambert function (product log function)

3 Free parameters
@ Added linear term
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Fit Proton Irradiation
Data from P. Aimeida et al. 32" RD50 workshop
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5.57e13 1.85 4.18e-3 2249/20
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@ Assumed 5% uncertainty on Ngy
@ Npo fixed by measurements
@ 3 free parameters common to all curves

@ In exponential parametrization 5 free
parameters are used (4 x C, Gerr)

The description of the data is not satisfactory
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Fit Neutron Irradiation =3¢
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Data from P. Aimeida et al. 32" RD50 workshop
1015 —e— 10 Qcm
—e— 50 Qcm
—e— 250 Qcm
1000 Qcm
& o1 @ Assumed 5% uncertainty on Ngy
£ .
2 @ Np, fixed by measurements
= 108 @ 3 free parameters common to all curves
@ In exponential parametrization 9 free
N parameters are used (4 x ¢, 4 x Ng, Qerr)
1012
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Geq [cm 2]
k/a[em™3] gi[lem™'] ger[cm™']  xZ/ndf
1.71e14 2.06 6.54e-3 2540/25

The description of the data is not satisfactory
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Combined Fit

K/« is a material property common to all these sensors

Protons
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Neutrons
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1.51 6.62e-3 5183/46

Acceptor Removal Parametrization-thoughts-

19.11.2019

6/9



Second Attempt Using Defect Kinetics

Reactions from M. Moll, VERTEX 2019

Mo g (e )

@ Acceptor removal: d¢ aNg + BNc
Sii+ Bs — B; dN¢ . ' 5NC
B+ O — BiO; do =9 aNg + BN¢

@ Competing reaction:

Sii+ Cs — C; @ g;: introduction rate of Sij

Ci+ 0O — GO

@ alNg + BNg: all reactions of Si
@ Both B; and Cs are consumed by radiation aNg + SNe !

@ Term in (...): probability to interact
with B or Cs

N B/a
N + Nco (N:()) + gi®» — (Ngo + Ngo) =0

No explicit form for Ng = Solve numerically
To pass to Ny requires the factor 2 in the “rate” and the linear term...
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Second Attempt Using Defect Kinetics

Reactions from M. Moll, VERTEX 2019

@ Acceptor removal:
Sij + Bs — B;
B+ O — BO;
@ Competing reaction:
Si; + Cs — C;
Ci+ O — CiO;
@ Both B; and Cs are consumed by radiation

aN, N,
Ns __, (M)

do aNg + BN¢
aNe ([ BNc
ds 9\ aNg + NG

@ g;: introduction rate of Sj;
@ aNg + SNg: all reactions of Sj;

@ Term in (...): probability to interact
with Bs or Cs

Fixing 8/a=1/7

NB B/
Ng + Nco (> +29i¢ — (Ngo + Nco) =0

Ngo

3 Free parameters including ge
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Combined Fit

B/ fixed to 1/7.

Protons
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Nco is a material property common to all these sensors
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Summary

@ Current acceptor removal description requires ¢ = ¢(Nefo)
@ Proposed models to describe acceptor removal based on defect kinetics
@ The models do not provide a satisfactory description of the data

Comments

@ Acceptor removal is studied also in LGADs gain layer

@ LGADs are the only detectors without a uniform doping concentration
used in these studies

@ If Si; is mobile, the volume of high p Si can contribute interstitials to
“erode” the gain layer

@ Interstitials generated in the low p Si could be unlikely to escape it due to
interactions with dopants
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Summary

@ Current acceptor removal description requires ¢ = ¢(Nefo)
@ Proposed models to describe acceptor removal based on defect kinetics
@ The models do not provide a satisfactory description of the data

Comments

@ Acceptor removal is studied also in LGADs gain layer

@ LGADs are the only detectors without a uniform doping concentration
used in these studies

@ If Si; is mobile, the volume of high p Si can contribute interstitials to
“erode” the gain layer

@ Interstitials generated in the low p Si could be unlikely to escape it due to
interactions with dopants

Thoughts?
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