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LHC/ATLAS

Aluminum electrode

N+Str|p/ P+Sl0p

Aluminum electrode

300 um
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H—ZZ—eepup m(higgs)=300 GeV all tracks with p;<1 GeV removed
= 35 -2
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3.6 eV/pair for silicon
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INILODIEE Primary knock-on atom
Eg=25 eV

INJLDF A= e F RIZHHSI(PKA) LI FRE I ZFE &Y

acancy
cf. BFPHF(1 MeV)TIE,
, B R0 R RAMED N B DA,
o Frenkel pair  sysnHFHTIE

T>2 keV(gk)ar)

Annealing and
reverse annealing

Migrations and

interactions

of defects
TREGEXRKEIZEY take place
Annealing (IR1EXR DA H) D e g (10193 A
Reverse annealing (R FHHEEDERE) ;,FB*:%-)L)77ZQ (10-Pem?) 7
ELVSRENELS, ERESREILYMZIRHES, 8
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NIEL: non-ionizing energy loss

NIEL{RER : /NILOF A= (DI R) I(FEEBED I RILX—EBKIZELD,
o9 AEMEHEDIERIKFELI-RICRNDDBETH S,

Displacement damage in Silicon
for neutrons protons pions and electrons

101 E'-I'I'lll'l'l_'_n'l'l'l'l'l'_l'l !
10° - 7 —0 /’*&EL
107 i neutrons: Griffin + Konob + Huhtiner *E{%a);jl %51 MeVO) I:l:l 'I‘i%
s S e DZNITHEEELIBD,
—= E'ECU';:II’I:: Slummers
hETFE lectrons
A(1232) P33 AR

S

10’5 R | L sl oy ool v vl vl v el
101910° 108 107 10° 10° 10* 10° 102 10" 10° 10" 107 10° 10
E[MeV]

A. Vasilescu & G. Lindstroem
Figure 6.1 Displacement damage in Silicon for various particles and energy range (figure taken from ref. 81)
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INIVIFEA—D DR (BB R)

@ﬁﬁm?:’k@%j{ (generation-recombination) J N\

3, /)11, /
(defect assisted tunneling) N
(Frenkel-Poole emission)

DIV BE DEX (ex. AFHREHEBICHETHIRILF—SEEED S 1E)
2)F XN =S4T 34 LD (carrier killer)
FF DR (ex. BITIZETDHH, D iF L : Messenger-Spratt equation)
3)F¥)V-rSvELT - ThSYE Y (shallow level)
{

S5 DIEIL (ex. CCDIZH T Stransfer inefficiency D1 X)
\,%m EEDEMIH A (compensation)

NILDIEHDE K (ex. BITIZE T2 92 DEX)
5) F ) —EET4—®DiF 4 (scattering center)
@: T G AT LRSS A
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I — (x @eq I; Fig. 3. Fluence dependence of leakage current for silicon de-

tectors produced by various process technologies from different
silicon materials [16].
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removalld, 74 +—(pLTS), | S 1M @210 Sy 112 ©
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(divacancy-oxygen complex)? <) lg)g_ 110! ,E_.:
> 10l —
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BEMNTIVIIZEDOTEI  Fig 4. Change in the bulk material as medsured immediately
THDHEHT . O¥P3  after irradiation [20]. I'
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Double junction

Hole current Electron current

C—

Ne

[ HA—TEZIT1ZVPIN
e 4T —FORHER

N

+EHBIZELVAL, Deep-level
MNEIZHEEBELIZKL, ZOHEE
G TELES,

double peak

- 3 _ 240K'

Ms-:mns Eh].r 62mV 3 Mar 1994
(AN 1.00mV  5.00ns 13:30:15

Fig. 3. Current pulse response at dilferent temperatures as
measured mn Rel. [2] for a neutron irradiated detector to a
fluence of @, =3.29 x 10%e¢m ;. R1-—305K, R2—280K,
E3—260K, R4—240K. The reverse bias 1s 330 V. The charge
15 mjected at the n side. which 15 a hagh field side alter space
charge sign mversion.

p npn*? double junction! FRESEILIFO=JRFRRR,
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Reverse annealing

1)1083 cm2D P EFZ B9 S En-typeh bp- typekak’“:?'%) (type inversion)

2)EmICINET H&. H AR IEXENRILZAFFLY rﬁ{ﬁ’}‘d'éh§(annealing)o
3)FD&., BWMIZERL T, I AIZIE S (reverse annealing) ,

210"

2101
neutron irradiation, TRIGA reactor Ljubljana
V(dela ed)+V09V o DOFZ Sintef process, 72h/1150 °C
y 2
DREHE VLT YT _
LTWL3? E
o) 1n'? RN
k= Teeld
a?f“ Slel 3 nicm’
@m%‘il}lq_x-?:_lj sja\‘ 352613 miom®
ZRH1E T B71-6 B E-10~0°CD e iR
Iﬁiﬁ—éﬁﬁﬁs 1%??3*"(('\60 ﬂlt}‘:’ - 5 IIIE}' - ;uI] | 5 ['tl}-" | :Iaulh‘ s |Ir}?

annealing time at 60°C [minutes]

Fig. 7. Systematic analysis of annealing data. Change ol effective doping concentration AAN.; during isothermal annealing at 60°C of
oxyvgen enriched silicon detectors irradiated with different neutron luences
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Defect engineering ol S S bous s i
T | % Oufuion 72 houn 750 500 2
g ] ) §
= 400 8
> N = 300 =
N Oy Y A b = =
[NV F A= DFHEM 4 200

EYBONTHD. N, Jo
- o1 2 3 4 s
V,0D £ BHAV+O->VOD Rt Dyacevic proton [1014 sz]

[2&-THIHIENS ?

Fig. 9. Influence of carbon and oxygen enrichment to changes
of the effective doping concentration after proton irradiation.

O ELREDEM T, pBAT (RAVR—T) DC-Si(BREFENZLVLD
M5 HFEL T, Thermal-donor generationE W\ FE(ZKYUnFAFIZEHLI=ED A
SN TS 104D FHFEFRICHLTH, [FEAEEZNNTHMEEDEEAGL
—EMNRREINTLVS, [NIM, J.Harkonen et al., in press]
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Oxide Thickness (nm)

Fig. 1. Flatband voltage shift of MOS capacitors at dilferent
gate oxide thicknesses for 1 Mrad (S10:) irradiation taken from
Ref.
measured on transistors from different CMOS processes.
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Fig. 4. Radiation-induced increase in themal generation rate per unit Fluance (equals the product of foe. o and NIEL) versus the displacement damage dose
deposited per unit fuence {equals NIEL). Dala poinis ane based on information presented in Table 1.
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Proton: 24 GeV/c (CERN)
NIEL®D&E R 5 (2) Pion: 192 MeV (PSI)

Neutron: 0.1-10 MeV (JSI,
p-n puzzle Ljubljana)
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Fig. 10. Particle dependence of radiation damage for standard
and oxygenated silicon detectors.
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