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Motivation

*The so-called acceptor removal is an apparent
deactivation of the doping in p-type silicon due
to irradiation

Example:
In LGADs, acceptor removal destroys the
highly doped layer reducing the device gain

*Usually parameterized as e
neutron irradiated W7 samples (°°Sr setup)
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Motivation
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First results presented in Krakow (30th RD50), however evidence of type inversion
motivated the refitting of the data.
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Acceptor Removal previous Results

P. Almeida et al, 30th RD50 (2017) Proton irradiated
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Acceptor Removal space charge
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Acceptor Removal Type Inversion
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NB: Additional evidence of type inversion from an annealing study: P. Dias de Almeida et al. 31st RD50
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Acceptor Removal by proton Irradiation

Annealing: 10 min @ 60°C
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Acceptor Removal by Neutron Irradiatio
4‘9’12

— 0 Annealing: 10 min @ 60°C
i —
Sk
= : — 0 10"
k7 i —
2200 5
= : :
: -
L -50
~400
100_2
-600
- 0_ :
-800 BHR
T
z
—200%=i-it i jroeojeeed i i il
-1000 10 10 0 Fluence [neq cm?]
measured fitted
1 1
-84 r LI | 1
—1200 =5 ; ) )
00 p[Q.cm] N [cm?] -N_[ecm?] clem?]  g_[cm"]
10 1.16e15 1.13e15  3.39e-15
Fitted function: 50 2.20e14 208e14  2.08e-14
b -4.50e-03
Neff(q)) = Neffo — N, (1 —e ) + g.P 250 421e13 3.90e13  1.87e-14
1000 8.25e12 6.81e12  5.43e-14

6/6/2018 P. Dias de Almeida - 32nd RD50 Workshop




Acceptor Removal

M. Moll (2017) .
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TSC

Thermally stimulated current (TSC) consists in bringing
the DUT to low temperatures (e.g. 20K), fill the traps
caused by the defects (e.g. by applying forward
current) and ramp up the temperature while
monitoring the current.

® Gives a spectrum of the defects, since the
temperature at which the trapped charges are
released is correlated to the energy level of the
defect

® Allows for the estimation of defect
concentration by measuring charge released by
the defects’ peaks
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There is a clear dependence of the B.O. peak with the
initial Boron concentration. Suggesting that the main
mechanism for acceptor removal is:
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Annealing: 10 min @ 60°C

Assumptions:

E(30) behave as a donor, and therefore
contributes to positive space charge

H(116), H(140) and H(152) behave as
acceptors, and therefore contributes to
negative space charge

B,O, also behaves as a donor, but for each B.O
created there is one less B acceptor. For this
reason the concentration of B O, is counted
twice for space charge considerations in the
upcoming analysis

Elena Donegani et al. (2015), 27th RD50 Workshop
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TSC Neutron Irradiation

Annealing: 10 min @ 60°C

7.80 x 10*3 neq/cm2 3.32 x 10 neq/cm2

§4o>:<10_12 e 50 Q.CM i >_<10—12 e 50 Q.CM
§35;— —— 250 Q.om 352— n — 250 Qo
a 303_ = 1000 Q.cm 302_ 1000 Q.CM
251 25F
20 201
15[ 15F
10f- 10F-
5F- 50
%0 40 60 80 100 120 140 160 180 200 B0 40 60 80 100 120 140 160 180 200
Temperature [K] Temperature [K]

Higher Fluence

6/6/2018 P. Dias de Almeida - 32nd RD50 Workshop



10%°

—
o
-
S

Neff [cm-3]

|013

10"

Protons macro vs Micro

Is there a match between defects observed through TSC and the measured Nefffrom Cv?

=& 10 ohm.cm
~&= 50 ohm.cm
== 250 ohm.cm
~#- 1000 ohm.cm

6/6/2018

.Q. *% ‘:f
0... v ..‘.“:“““
o.. .-_.-‘ ®
¢“'
L
'-.5‘\"”
““
1 1 1 L1 11 II 1 1 1 | L |
15
oM 10
Fluence [neg/cm-2]

Change in Concentration [cm-3]

1E+16 -8 CV, Neff — 7.8E+13 neg/cm2
--CV, N;eff - 3.3E+14 qeq/cmz ‘
| | |
1E+15 ;
i ‘
1E+14 - 3 |
& 1 1
L |
' :
1
1E+13 o
: | | | ;
i i — ---ﬂ —— — ‘
| | lPRELIMINARYJ |
1E+12 L W
iE+12 1E+13 1E+14 1E+15

Neff,0 -

Initial Boron Concentration [cm-3]

P. Dias de Almeida - 32nd RD50 Workshop

1E+16



10%°

—
o
-
S

Neff [cm-3]

|013

10"

Protons macro vs Micro

Is there a match between defects observed through TSC and the measured Nefffrom Cv?

=& 10 ohm.cm
~&= 50 ohm.cm
== 250 ohm.cm
~#- 1000 ohm.cm

6/6/2018

.Q. *% ‘:f
0... v ..‘.“:“““
o.. .-_.-‘ ®
¢“'
L
'-.5‘\"”
““
1 1 1 L1 11 II 1 1 1 | L |
15
oM 10
Fluence [neg/cm-2]

Change in Concentration [cm-3]

1E+16, |
~—#— CV, Neff — 7.8E+13 neq/cmz | §
‘—e—CV, Neff — 3.3E+14 neg/cm? |
--¥-- TSC, = [Peaks] — 7.8E+13 neg/cm2 |
[ |
iages TEE: Zi[Peaks] ~ 3.3E+14 neg/cm?2 |
1E+15 | 5 :
i |
1E+14 |
i ;
L
1E+13 o
| ; | | ;
| | | |
| | l PRELIIVIINARYJ
1E+12L L L 11| W
iE+12 1E+13 1E+14 1E+15

Neff,0 - Initial Boron Concentration [cm-3]

P. Dias de Almeida - 32nd RD50 Workshop

1E+16



Neutrons macro vs Micro

Is there a match between defects observed through TSC and the measured Nefffrom Cv?
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Neutrons macro vs Micro

Is there a match between defects observed through TSC and the measured Nefffrom Cv?
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Summary and Outlook

Work in progress to study acceptor removal:

 CV, IV, TCT and TSC were used to investigate the evolution of Neff vs fluence of detectors
of different resistivities irradiated by protons and neutrons

* Evidence of type inversion in p-type silicon was observed for some proton irradiated
sensors

» After correction for type inversion, Neff vs fluence plots were fitted to extract the acceptor
removal parameter ¢

» Strong dependence between BiOi production and resistivity was detected by TSC
measurements

e SIMS needed to measure Oxygen concentration
e Gamma irradiation should provide a cleaner environment to study BiOi properties

e TSC with light injection is in progress (single charge carrier filling)
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Annealing Study Interpretation of Neff

Data —_— Interpretation of the data
assuming type inversion
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e Annealing at 60°C
e Up to 20480 min or ~14 days of accumulated annealing
e Neff calculated from CV measurements
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BiOi energy level

Emission parameters: E,(eV), o (cm?),

Defect Reference
TTSC (K),TDLTS (K)
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= : Phys. Rev. B 15, 3836, 1977
B0, -0.24 4E-15, 98, 118 I;i%v;r?e:téglsadlatlon and Impurity Related Deep Levels in Si, PhD thesis, IMEC-KUL,
B,0; -0.27,3E-13, 96, 113 Schmidt, J., Berge, C., Aberle, G., Appl. Phys. Lett. 73, 2167, 1998
104 |[Intercept -24.79496 +1.29 "
| Slope 271807 £0.1086
Actvation energy o2uev ] B;O; — donor level at E-0.23 eV
9+ |Capture crosssection ~ 5.85™1€%(-16)
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T~ T v Lk G & a4 % %o L L L
11.0 1.2 1.4 116 11.8 120 122 124 126 128 13.0
1000/T (1/K)

6/6/2018 P. Dias de Almeida - 32nd RD50 Workshop




BiOi Pool-Frankel

—12
50 x10
< — CIS16-EPI-05-50-DS-94_6V30sForwardFilling_Bias100V_at_20K_7
— : — 50 10712 ———  CIS16-EPI-05-50-DS-94_6V30sForwardFilling_Bias120V_at_20K_1
c — < 150V 30V CIS16-EPI-05-50-DS-94_6V30sForwardFilling_Bias120V_at 20K_2
& 453 — d A
= — £ 45F CIS16-EPI-05-50-DS-94_6V30sForwardFilling_Bias150V_at_20K
-2 — © wob CIS16-EPI-05-50-DS-94_6V30sForwardFilling_Bias30V_at_20K
o 40— c f CIS16-EPI-05-50-DS-94_6V30sForwardFilling_Bias50V_at_20K
[ ssp g CIS16-EPI-05-50-DS-94_6V30sForwardFilling_Bias80V_at_20K_1
35 * H l
— 25p
30~ 2of I
— 15
25 . !
L - JJJJI
20F B
_ G 1 . | 1 | 1 11 1 | | N 1 | 1
— 85 90 95 100 105
| Temperature [K]
| ] el = |

o e !
140 160 180 200
Temperature [K]

40 60 80 100 120

6/6/2018 P. Dias de Almeida - 32nd RD50 Workshop



