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SILICON DETECTORS FOR HEP EXPERIMENTS.
RADIATION HARDNESS -

Gunnar Lindstroem
University of Hamburg
I-st Inst. of Exp.Physics,Nuclear Metrology

ABSTRACT

We present the transparencies of the seminar held by Professor
Gunnar Lindstroem about radiation hardness of silicon detectors
used in HEP-experiments. The material contains a presentation of
the Hamburg University Group, the research subjects and their
interest for the HEP community in view of the future experiments
at LHC and HERA B. The behaviour of silicon detectors has been
investigated starting with macroscopic measurements (C/V,I/V,Q/V)
for detectors irradiated with protons,neutrons and pions at high
fluences( 10714 part/cm2) as well as the influence of temperature,
starting properties of the wafer, annealing time.

Microscopic studies (PIXE,TCT,DLTS,TSC)have been performed in order
to characterise the defects.Surface damage due to high doses in
electron and gamma fields are also discussed.Conclusions about the
manufacturing and opperating silicon detectors in high radiation

fields for a long period are of great interest for high energy
physicists.



Dr. Gunnar Lindstroem, professor at Hamburg University and
chief of the Nuclear Metrology Group of the First Institute of
Experimental Physics in  Hamburg 1s well known for  his
contributions in the field of radiation damage, hardness and
hardening of the silicon detectors. During the last ten years his
group has investigated systematically macroscopic and microscopic
effects of neutrons, protons and pions on silicon detectors used
in experiments at high energies and high fluences. Their results
will be the basis of designing and operating the detectors in the
experiments H1l at HERA and ATLAS at LHC.

Professor Gunnar Lindstroem is involved in the organisation
of an R&D collaboration at CERN with the goal of unifying the
efforts of all groups interested in LHC experiments in the study
of the hardening problems of silicon detectors to be used in the
future experiments.

Last time this problem has been investigated also by a group
of physicists from Bucharest University, the Institute for Atomic
Phisics and the Institute of Microtechnology. The activity of this
group roused the interest of Dr.Gunnar Lindstroem and he accepted
our invitation to spend some days in Bucharest and meet all the
people interested in radiation hardness studies.

On this occasion he presented in a seminar held at the Physics
Faculty on 7 th of june 1995, the contribution of his group to the
radiation hardness subject. The many discussions which followed
his presentation revealed the interest of our phyisicists in this
field and some possibilities of participating in the next R&D
collaboration. Therefore, we found wuseful to multiply the
transparencies Dr. Lindstrom used during the seminar.

By the systematic presentation and the multiple notes
included, the transparences can be used as a reference material.
They do not need a final editing and the references indicated
complete the less explicit parts.

Reading these transparences our collegues and students can
benefit form the comprehensive presentation of the silicon

detector hardness realm.
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Abbildung 1.1: Abkimgen der Verarmungsspannung beim isochronalen Tempern des

Detektors 932G 19 nach der 117°C Temperung.
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Abbildung 1.2: Generation des Defektes bei einer isotheralen Temperung. Gemessen
wurde bei 10 kllz. Detektor : 935G21.

AL
dhble dyplect

Relaxah
o % willy TCT1uellod

Mmlagmed

()

'
[@a]
T

current pulse [arb. units]

15 - - 127 min
D N\ N A 191 rain 1
200 NN\ ¥ . 320 min E
i e 447 min
25 | | L | 1 1
0 20 30

10
% time [ns]

Deeche 982 &0, Beq =AQ 10
Ixo(ﬂlmual /luueq(n elo 100"0 af: st

180 , —
B &
170} ‘D’V(fa oV ‘Qb ,
- ol fct 0{ cLuuL exclianeu,
o b
160} -
; \®\Q®
[ e
150 | ~a ., _
L G
TTo—— |
— ]
140 | L L L L L L " 2 n § . P S T S (R T (S SR | L L PR I
0 100 200 300 400 500

time [minl



By &%ma&iahm w‘g ﬂnﬁﬁ%« adfqyﬂ/q%es )

12

10

© Hamburg
O Indertschnique
]

} nudiahiou 2 shnaje at 6,102 kC
| & Faoritmosn = | radighiou 0(4
' o .

5 > c
Al e
Z | /// (J'Qa,ha( # accqlhyh
/{ji/‘
b A%
Nco{ 1 dovor
o aewovalj A ]

F“

%bl@

piod]
@ [em? e10t

OP ahou &
O‘S Nc = NC(;\O'&W Q"{’@@) +304)

EAx(1.2420.04)0V
In(kg)=(3.8521.47) (kgl=cm¥is

8

1 1

1 ! N 1 I

-50

. 1
0.0029 0.003 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036 0.0037

0 Temperalur T (1K) T 1
At e
e cou /k
ZUW cuwzm w@{t &Q&CM W

e achivaki

W/b

Dﬁ«hfaledl anvedhia Ko
Qvoi JJUMW omdrs

Material Dependence:
Experimental Setup

Devices Manufacturer Type d Nerfo
[um] | [1012 cm-3]
935 Hamburg surface b. | 330 0.45
936 [Hamburg surface b. | 300 -0.58 P-‘vae
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i ai | 3;:51

neutrons protons piéns
gc[10-2 cm-1] 2.5 (19) 1.5 (19 2.5 (25
£y [10-2 cm-1] 59 &9 42 63 7.5 (75)
o, [10-17 Aem-11| 47 @9 27 @9 5.0 (50
20/ Oy [arb] 0.53 (0&) 0.56 (0%  0.50 (N
gy 0y [arb] 126 (I5)  1.56 @#)  1.50 {.59)

ummary of equivalent 1 MeV damage constants found for neutrons,
rotons, and pions (Wafer 935).
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Flux Calculations

Single TRT design configuration B, p-p cross section 71mb, Luminosity 1074 em2s7!, runing
time 107 s per year (G. Gorfine, G. Taylor ATLAS-INDET-NO-030)

- Normalization to | MeV neutrons with damage functions given above

- Simulation includes Integrated Forward Calorimeter (private communication G. Gotfine)

Annual Equivalent Damage [cm-2]

Radius | Region | Neutron Proton Pion Kaon Antip Total Charged
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Simulations

Neutron Fluences Neutron Damage Constants

Charged Hadron Flucnces : Pion Damage Constants o —_—

—

Luminosity : 3 years 2t 1033 em2s°! followed by (_1S= £ 1 )

7 years at 1034 cm2s°!

Active Area : pixels (11.5 cm...20 cm) -> 50 pm x 300 pm

strips (30 cm...69 cm) > 12cemx 1125 pm
WarmUp : no, 3 days and 1 month
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After Irradiation: 2 kGy, V=80V
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Defect levels in neutron irradiated detectors
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Arrhenius plot of the H2 DLTS-peak
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Effect of isothermal heat treatment
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