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Structures description

Characterisation before and after irradiation of:

e Diodes: p+/n
0.24*0.24 cm?

» Baby detectors: 300 um thick (n)

128 strips p+
3.22 cm long
14 um wide
61 um pitch

Built on two different kind of standard substrates:

\

* Low resistivity: 1.5 -2 KOcm
Crystal orientation ~ <100> - LR <100>

e High resistivity : 6 -10 KOcm
Crystal orientation ~ <111> - HR<111>




|rradiation conditions

The irradiation with 34 MeV protons, up to 1014 pcm,
was performed at the Cyclotron of the Research Centre of
Karlsruhe FZK (Germany)

Diodes were also irradiated with
protons of p = 24 GeV/c at CERN.

Fmax = 5% 104 pcn?

The neutrons (1-10°% eV) irradiation was 2
performed at nuclear reactor at ENEA, Rome. Nominal

F max = 1014 ncmZ fluerlCeS




|rradiation conditions at FZK
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The circular beam spot of r =8, 10mm was scanned over the length
(x axis) of the half-moon producing a non uniform irradiation along the 'y
direction, the diodes received only 75-80 % of the maximum flux.



How we have determined the diode FP

Beam profile.  N(r) =N, xcos(arcsen(r /r,))
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Diode position We can estimate the diode mean fluence



M easurements

After irradiation the structures were kept at 0°C;

Neutron irr. -  after 12 daysof annealing at T_=22+1 °C
34 MeV protonirr. = during 10 days of annealing at T_=22+1°C

during 7 days of annealing at T,=22+1 °C

24 GeV/c protonirr. - {
+ 7 days of annealing at T_= 80 °C

All the measurementswereperformed at T, =22+1°C - T=21°C
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M easurements

34 MeV
proton irradiation

Diodes - diode |eakage current > FN - k

diode depletion voltage vs. FN

Baby - dtrip and bias |eakage current = k

24 GeV/c
proton irradiation

Diodes - diode |leakage current > FN - k

diode depletion voltage vs. FN
[? Nl vs. annedling time

neutron irradiation

Diodes - diode |eakage current -> FN
diode depletion voltage vs. FN




L eakage current

=a(t,T,)<F " »
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a'(t)=a, e " +a,- b><|n§eto
g

We can determine the hardnessfactor > kK = N [ F P

(*) Standard parameterisation for a(t,F) and parameters value from M. Moll PhD thesis




The effective doping concentration N 4

N, =N_°- N,(F,t(T,))- N.(F)- N, (F,t(T,))

_ _t/
Short term annealing: N,=0,F > Hia

Stable damage component: N = Nco(l- e ¢F )+ 9. ¥

/' NY = gYF >‘(1- e't/tY) first order process

L ong term annealing:

9 second order process.

] 1+k29y|:té witht, L 1/F



Ny VS F:

For afixed annealing timet, 1, <<t<<t,:

NeffF = NeffO ) Nco(l' e ™ )' b X REMOVABLE

DONOR

/ CONCENTRATION

. Neutronirradiation: Ng >C=10.940%cm*; N, =0.69xN_°

Neﬁ F o 0-69xNerth' N (0.109/ Ny ©)F )_ b X

* Proton irradiation: Ne, @NeﬁO & Complete donor removal

N, =N, e -bx¥ %LIP® -bF
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Neutron irr.
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25cm? = LR<111>
B=<25cm? ¢ LR<100>
2.6cm? A4 HR<111>

Proton irr.
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Diode Energy R(cm?) | C(cm?d)
® | R<100> | 24 GeV/c | 1.4*102 2.3*1014
A HR<111> | 24 GeV/c | 1.3*102 | 451014
o LR<100> | 34 MeV [1.7*102 | 3.9*1014
5 HR<111> |34 MeV |1.6*102 | 49*1014




Nl (10" em™)
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24 GeV/c proton irradiation

—* LR<100>
+ HR<111>

1 400, —

The depletion voltage values
of A HR<111> diodes
show a saturation effect

with the fluence.

Are they oxygenated ?

We plan to measure the
oxygen concentration with
S MS measurements




Annealing behaviour of |? N |

. [? |\|eﬁ| = NeffO - NeffF| The annealing curves of the last 3 fluences
« Proton irradiation of 24 GeV/c. | | &€ not complete, because for t,,>10° min
 First order parameterisation the V, IS higher than 1000 V.
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| and || order parameterisation

Experimental points are fitted with a first and second
order parameterisation.
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|? Nt )/Nyi VS. @annealing time

L R <100> HR <111>
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N
N vs. F
| order |l order
1O — 1O
* — |LRE<I00> = * — LRECI00>
A meees HR<111
TG Tl
C C
b (107 mEm ) b (10 mEm )
Nerro Neo 9 Nco/ Nesro — e |LR<100>
(102 cnrd)  (10%2cmd)  (102cml) 1 HR<1115
LR | 2.34 258+0.06 1.29+0.05 1.1)
7 84+0.01 1.21+0.01 M
HRI| 078 08400 o0 —, [ Complete donor
LRII| 234 2.48+0.06 1.21+0.06 % B removal
HRII| 0.73 0.8+0.1 1.1+0.1 1




Na (1 0" ¢ m_3)
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N, vs. FN

|| order
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Netto Ia th
(1022cm®) (102cml) (108 min) — o LR<100>
LRI | 234 0.57£0.03 2.1+0.2 — 4 HR<111>
HR1 | 0.73 0.6x£0.7 2.1+0.4
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Ny vs. FN

| order |l order
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LRI | 234  7.11+003 1.67+0.03 -+ HR<111>
HR| | 0.73 7.34+0.04 1.52+0.02
LRIl | 2.34 8.10+0.03 1.13+0.01
HRIlI| 0.73 8.60+0.04 1.23+0.02




p*onn single sided

Activeregion 6.2*6.2 cny
with 300 um

Crystal orientation <100>/<111>
resistivity 1- 3 KOcm (low)
6 -10 KOcm (high)

128 strips
61 um pitch e F
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Conclusions

o Leakage current doesn’t depend on the substrate resistivity and orientation.

 The measurement of |, vs. annealing time allows a good estimation of FN
and a determination of the k factors both for 34 MeV and for 24 GeV/c protons.
We have extracted:

k=0.63+0.07 for 24 GeV/c proton irradiation

k=1.3+0.3 for34 MeV proton irradiation - |lessthan the theoretical value of
kih= 2 obtained from displacement
damage function (NIEL hypothesis).

 Low and high energy proton irradiation is characterized of acomplete donor
removal whilein neutron irradiation the depletion voltage after inversion still
dependson theinitial resistivity.

* Theannealing parameters were extracted for 24 GeV/c proton irradiation
both for | and Il order process.

* The experimental points don’'t show a clear indication of the fact that the reverse
annealing should be described as afirst or a second order process.



