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FZ Si nitrogen-doped, high-resistivity samples
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Neutron Irradiations

O Neutron irradiation facilities at Université Catholique de Louvain,
Louvain-la-Neuve.

L Neutrons energy: 23 MeV.

O Three neutron fluences equivalent to the damage made by

neutrons:; 1x1014, 5x101% and ~1x10 cm-.

] The irradiation resulted in substantial increase of the material re



Samples properties after irradiations
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Detalls of HRPITS measurements

Temperature range: 30 — 300 K, AT=2K

Excitation source: 1 mW, 650 nm laser diode (hv =1.908 eV)
Excitation pulse parameters: Width — 5 ms, Period — 500 ms
Photon flux: 1.3x101” cm-2s

BIAS: 20 V

Gain: 1x10° — 1x108 V/A

AVG: 250 waveforms

Analysis of photocurrent relaxation waveforms:

- 2D inverse Laplace transformation algorithm —> images of
Laplace fringes for radiation defect centers

- 2D correlation procedure (multi-window approach)
Images of correlation spectral fringes for radiation defect
centers



Images of two-dimensional spectra derived from the photocurrent
relaxation waveforms by using the correlation procedure
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The solid lines illustrate the temperature dependences of thermal emission rate
of charge carriers from detected defect centers according to Arrhenius formula:
er = AT 2 exp(-E_/KT).
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Images of two-dimensional spectra derived from the photocurrent
relaxation waveforms by using the correlation procedure

® =5x10%% n_,/ cm?
eq
[N] = 1.42x10% cm3 [N] = 2.0x10%>cm3
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The solid lines illustrate the temperature dependences of thermal emission rate
of charge carriers from detected defect centers according to Arrhenius formula:

er = AT “exp(-E/kT). i



Images of two-dimensional spectra derived from the photocurrent
relaxation waveforms by using the correlation procedure
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[N] = 9.2x10%%cm3 [N] =2.5%x101>cm3
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The solid lines illustrate the temperature dependences of thermal emission rate
of charge carriers from detected defect centers according to Arrhenius formula:

er = AT 2exp(-E_/KT). /19/2013
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Arrhenius plots for the resolved defect centers

Temperature range: 30 — 120 K Temperature range: 100 — 180 K
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Arrhenius plots for the resolved defect centers
Temperature range: 190 — 320 K
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Properties and identification of radiation defect centers (1)

A
(K?s?)

P
(neg/cm?2)

Tentative Identification

(9.8+0.9)x10"

1E14,
SE14, 1E15

e, shallow thermal donor,
oxygen aggregate

(1.8+0.2)x10°
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e, phosphorus donor, P
(0/+)

(1.9+0.2)x10*

1E15

h, boron acceptor, B (0/-)
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(9.0£0.9)x10*

1E14,
SE14, 1E15

h, donor, I3 (+/0)
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SE14, 1E15
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9515
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1E14
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(2.2+0.2)x10°

1E14
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(2.4+0.2)x10°
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Properties and identification of radiation defect centers (2)

6 1E14, o
310+10 | (6.7+0.6)x10 5E14, 1E15 not identified
T14) 360415 |(1.020.0x107| A-F | 1E1% e, acceptor, Vs (2-/-)

- ‘ 5E14, 1E15 ’ » V3

[ ] s 1E14, N
@ 380+15 | (1.3=0.1)x10 5E14, 1E15 e, acceptor, V4 (2-/-)
T16 | 390+15 | (5.7+0.5)x10° 1E14,5E14| e, acceptor, Vs (2-/-)
40020 (3.5j:0.3)x105 1E15 not identified

1E14
+ 6+1. 6 - ’ _
- 420+20 |(9.6£1.0)x10 5E14, 1E15 e, acceptor, V, (-/0)

1E14
I | 5+0. ! - ! -
@ 460120 | (1.5+£0.2)x10 5E14. 1E15 e, acceptor, V3 (-/0)
T19 120 | (0s0.2)x107 | B C | 1B V4 (-/0
475120 | (1.0+£0.2)x D F |5E14, 1E15 e, acceptor, V4 (-/0)
fi

T20 | 500420 | (1.2+0.2)x10’ 5E14
T21 | 546420 | (2.6+0.3)x10’ 5E14 e, acceptor, Vs (-/0)
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Concentrations of radiation defect centers
® = 1x10** ny,/ cm?
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Concentrations of radiation defect centers
® = 5x10** ny,/ cm=
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Concentrations of radiation defect centers
® = 1x10*° ng,/ cm?

Sample E, [N] =9.2x1014cm3 Sample F, [N] = 2.50%x10'4cm3

AIDA FZ-Si:N, #8.1, <100>, 1.0x10 "° n/cm? AIDA FZ-Si:N, #10.2, <111>, 1.0x10" n/cm?
=N.=8.2x10" cm™ =N.= 1.5x10" cm™
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Nitrogen impact on concentrations
of electrically active radiation defect centers
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Nitrogen impact on concentrations
of electrically active radiation defect centers
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Nitrogen impact on concentrations
of electrically active radiation defect centers
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Nitrogen impact on concentrations
of electrically active radiation defect centers

9.2E14 cm® -
T17 (420 meV), V, ( T18 (460 meV), V, (-/0) 4
° " 9.2E14 cm
—m— low [N] g

= low[N] : : 2.0E15 om*”
high [N] —e— high [N] . Y

2.5E1 N .
SE15 cm 2.5E15 cm’®

1.4E15 cm™

Concentration (cm's)

Fluence (cm?) Fluence (cm™)

20
11/19/2014



Conclusions

We have demonstrated the effect of neutron fluence ranging from 10 to 10*> n,,/cm?
on the properties and concentrations of electrically active radiation defect centers in
N-doped, high-resistivity FZ Si.

The defect structure of the irradiated material is found to be complex. More than 20
irradiation-induced defect centers with activation energies of 30 — 550 meV were detected.
The main centers are likely to be attributed to shallow thermal donors, small interstitial
clusters and small vacancy clusters in various charge states.

The increase in the nitrogen concentration from ~9x104 to 2.5x101° cm= seems to resuit
in diminishing the concentrations of some radiation defect centers, in particular of shallow
thermal donors as well as small clusters of vacancies and interstitials.

Further studies on the nitrogen impact on the properties and concentrations of' radiation
defect centers are in progress.
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