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ABSTRACT 

We presen t the t ransparencies of the semina r held by Profe s s or 
Gunna r Lindstroem a bou t r adi a t ion hardnes of s ilicon detectors 
u s e d in HEP- experiment s . Th e mater ia l c onta ins a presen ta t ion o f 
the Hamburg Unive r s i t y Group, t he r esearch subj e c t s and t heir 
interest f or the HEP commun ity i n view of t he fu tu r e experi ment s 
at LHC and HERA B . Th e behaviou r o f sil icon detectors has been 
i nvest igated s tart i ng with ma c r os cop i c measurements (C/V, I/V, Q/V) 
f or det ec tors i rradiated with protons , neutrons and pi ons at high 
f lue nces( lO A14 part /crn2 ) as wel l as t he influe n c e o f t empe ratu r e , 
start i ng propert ies o f the wafer , annealing t ime. 
Microscopic s t udies (PIXE , TCT ,DLTS , TSC ) have been performed in o r der 
to cha racter ise t h e d e f ects.Surfa ce damage due to high dose s in 
elec t ron and gamma fiel d s a r e also d iscusse d. Conc l us i ons abou t the 
ma nufa c t u ri ng and oppera ting sili c on detectors i n high radiation 
field s f o r a long p e riod are of great interes t for high energy 
p hysicists. 
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Dr. Gunnar Linds troem, profe sso r a t Hamburg Unive r si ty and 

chief of the Nucl e ar fv1et r ology Group of t h e First Ins titute of 

Expe rimental Physics in Ha Ll'.burg is wel l known f or h is 

c ontri bu tions in the field of radi a tion damage, hardne s s a nd 

hardeni ng of the silicon detectors . Duri ng the l as t ten years h is 

g roup has investigated systematically macroscopic and mi c r o s c op i c 

ef fects of neut rons, protons and pions on silicon detectors u s e d 

in experiment s at high energies and high fluences. Their r esults 

will be the basis of designing a nd operating the detectors in t he 

experiments HI at HERA and ATLAS at LHC. 

Professor Gunnar Lindstroem i s invol ved i n t h e organi s ation 

of an R&D collaboration at CERN with the g oal of unifying the 

ef fo rt s of all g roups interested in LHC experiments in the study 

of the hardeni ng probl ems of s i licon detectors to be used in the 

f u t ure experiments. 

Last time this p r oblem has been investiga ted also by a group 

of p hysicists from Bucharest University, the Institu te f o r Atomic 

Ph is i c s and the Institute of Microtechnology. The activ ity of thi s 

g roup r oused the interest of Dr.Gunnar Lindstroem and he accepted 

our i nvitation to spend some days in Bucharest and meet a l l the 

p e opl e interested in radiation hardness studies. 

On this occas ion he presented in a seminar held at t he Physics 

Faculty on 7 th of june 1995, the contribution of his group to t he 

radiation hardness subj ect. The many discussions which followed 

h ~ s p resentation revealed the inte r est of our phyisicists in t h i s 

f i eld and s ome poss ibilities of participating in the next R&D 

c ollaboration. Therefore, we found useful to mul tiply the 

transparencies Dr. Lindstrom used during the seminar. 

By the systematic presentation and the mult iple no t es 

included, t he transpa r ences can be used as a reference material . 

Th e y d o not need a final edi ting and the r eference s i ndica t ed 

c omple te t he l es s ex p l i c it par t s. 

Read i ng t hese transparences ou r collegues and studen ts can 

b e ne f i t f o rm the c omprehensive presentation of t h e s il i c on 

detector hardnes s r e alm. 
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H1 F)LUG CALORIMETER 


-­ :i)eiekto~ rnoclu.l r 
proton beam KL{pterabsorber 

Design Parameters 

radial dimensions 60 mm ~ r ~ 250 mm 
angular range 12.5 mrad ~ 8 ~ 58 mrad 
to hllpngt~ (instrumented) 55 cm =4.3 A 
numbtr of layers 8 
layer structure 7.5 cm Cu t 400 ~m Si- detector 
lateral detector cell size 5 x 5 cm 2 

total number of electronic channels 672 
number of electronic channels 336 
angular resolution 4 mrad 
energy resolution '" 150~ / IE 

c opper plal es I S mm ea ch I 

d eleclor b o arcJ ( 2.5mm) 

~Si-~~tn~ 
L0.QUlUL eiicU. 

25 CIM."2. ) 

~r~cL~er/ 
plaMctf ~(,loL. 
~wu~ral 
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~5, .A.5;1M,2 £l-J&k~lnou, 
~ede- ~bau0 £1UJ1i,RJ ~O~Q,il<­
artti2J 2. y. l}2 nde!lfnau 
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aracteristics of the Radiation Sources compared in the study 
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Discussion 

9tobtl 81o~1 
fi~ ~tlI f~ (; 

neutrons protons pIons 

2.5 (I,i)gc [10-2em- l] 1.5 (I.Z) 2.5 {J.5' 

g y [10 -2 em-I] 5.9 (t.~) 7.5 (=7SI4.2 ~.~ 

4.7 ~:t) 5.0 (5.02.7 ~.~a <X) [10- 17 Aem- 1] 

0.53 LOJ~D 0.56 (0.9.:0 0.50 ~gdaco [arb] 

1.26 U~ 1.56 l~G 1~50 ~,)_~gy/aco [arb] 

ummary of equivalent 1 MeV damage constants found for neutrons, 
rotons, and pions (Wafer 935). 
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Flux Calculations 
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time 107 s per year (G Gorfine, G . Taylor ATLAS-INDET-NO-030) 

_ Normalization to I MeV neutrons with damage functions given above 

_Simulation includes Integrated Forward Calorimeter (private communication G . Goifinc) 
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Warm Up no, 3 days and 1 month 
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Defect leveJs in neutron irrad iated detectors 
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Analysis of the 0.42 eV level Defect concentration versus fluen ce 
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TSC measurements 
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Arrhenius plot of the H2 DLTS-peak 
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