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o RD48 Objectives

Develop more radiation tolerant silicon

- characterize radiation defects at the microscopic level
- deliberately add impurities, choices motivated by microscopic models
- establish affordabl e procedures with manufacturers for the materials modification

Make reliable predictions for operation in rad. environment

- In-depth studies of the macroscopic damage effects, including aging studies
- proof transferability of test-structure results to actual strip/pixel detectors
- fluence normalization issues
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Displacement Damage in Silicon
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cascades,

higher order defects
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disordered regions
at cascade terminals
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Defect Reactions in Silicon
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C.: Carbon, interstitial

C,: Carbon, substitutional

O: Oxygen, always interstitial
P: Phosphorus

In Silicon self-interstitials and
vacancies are highly mobile
and cause complex
guasichemical defect
reactions.
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Oxygen and Carbon, Key Ingredients
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Deep-Level Transient Spectroscopy
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Diffusion-Oxygenated Float Zone (DOFZ)

Secondary lon Mass Spectroscopy (SIMS)
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Controlled introduction
of oxygen into silicon
bulk

Easily included in
manufacturing process

Low cost

Adopted by SINTEF,
CiS, Micron, ST
Microelectronics, CNM-
CSIC, BNL Instr. Div.
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Systematic Studieson DOFZ Materia
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18t Benefit of DOFZ Material
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g. Improved by a factor of 3!
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Reverse annealing saturates, and
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Damage Projection - ATLAS Pixel Detector - B-Layer
¢ Radiation level for B-Layer : = Fe(year) =3.5" 10" cm™(full luminosity)
> 85% charged hadrons
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Simulation of Maintenance Warm-Up

CiSATLAS strip detectors, standard and DOFZ (24h/1150°C) process

5102 irradiated with 24GeV/c p, under bias (100V) at -10°C, annedled at RT 3102

2,

410% ¢ 3kwem, <111>, standard process c%

fit with Hamburg model Q

2107}

C 3102 -
= 5
T_' ()
B 2102 o}
10* 9

¢ 3kWwem<111>, DOFZ 24h/1150°C c

102 fit with Hamburg model o

o
o

o

0 ' T T T ' 0}
0 10 210 310 410 510

annealing time at 25°C [days]

data from L. Andricek, MPI Munich

9t International Workshop on Vertex Detectors, Henning Feick
Michigan, USA, September 10-15, 2000 University of California, Berkeley



e

2 TR

)
5 L
ha\
et

ROSE / CERN RD48
http://cern.ch/rd48 Berkeley

The Neutron-Proton Puzzle
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Initial Resistivity
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o Particle-Dependent DL TS Spectra

3 [ 7 rrrrrr T T Tt L
| Fz800wem, [0]=1710%m®  — n 53MeV | gg;tfg’giaek at
o , o p+236e\/ | for all types of
5 ,| VO HCUA (B P 1XMeV | particle
o | — p27Mev | irradiation
g 00 t defect
p= 0 point defect-
O | A VWV (B related peaks
*g’ 1+ 1 are not.
8
j=
Tempaaue[K]
9t International Workshop on Vertex Detectors, Henning Feick

Michigan, USA, September 10-15, 2000 University of California, Berkeley



ROSE / CERN RD48
http://cern.ch/rd48

L eakage Current
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Non-lonizing Energy Loss

Displacement damage in Silicon
for neutrons, protons, pions and electrons
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10°

NIEL functions
specify the amount
of energy going into
mechanical
displacements,
disregarding the
spatial distribution of
the primary damage.

Coulomb interaction
causes relatively
more low-energy
transfers, i.e., more
point defects / less
clusters.
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Gamma lrradiation
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Short Term Annealing
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The activation energy of the short term annealing is about 1.1 eV
for both doping and leakage current. Common cause!
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The Right-Hand Shoulder of the ‘ Cluster’ Peak
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Unambiguous correlation
between DLTS annealing
and leakage current
annealing.
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Summary

Main Result:
DOFZ technology has proven to be both technologically feasible (transfer to industry successful) and detectors
manufactured thisway show superior radiation hardness

®Macroscopic Damage Effects

=|_eakage current damage parameter is material independent (no impurity, resistivity or conduction type
dependence)

= Effective doping changes can be improved by oxygenation of the material
(factor 3 for stable damage parameter g_). Such improvement is only observed when the radiation
environment contains a significant charged particle component.

=Lower resistivity material is beneficial for detectors that operate in a radiation environment dominated by
reactor energy neutrons.

=Reverse annealing saturates at high fluences (2" 104p/cm?) for oxygen enriched silicon. Time constant
larger by a factor of 2-4 allowing detectors to remain at room temperature for longer periods during
maintenance periods: additional safety margin

€Damage at the Microscopic Level
=Reverse annealing and leakage current are linked to defect clusters

=Correlations between microscopic defects and macroscopic parameters found
=Charged particle irradiation produces more point defects than irradiation with reactor energy neutrons
=Defect kinetics models and device models can predict macroscopic behavior
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