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M otivation

Two different applications:

o 25 um samples: ATLAS radiation monitoring ? first use of Epi-S
detectorsin HEP
Increase of the leakage current will be used to determine NIEL

« small full depletion voltage (~20 V), almost constant during the lifetime of the
experiment (bias and readout are limited to 30 V)

 Operation temperature of ~20°C

e 50 pum, 75 um samples. candidate material for innermost layers of

tracking detectorsat SLHC

» promising results of Hamburg group should be verified at annealing
temperatures close to room temperature (annealing scenario for SLHC)

» samples were also used for signal measurements (G. Kramberger et al. @
RESMDD "04)



Samplesand irradiations up to 1016 cm-2

Samples:
Provided by Hamburg, Epi-Si, ITME grown epi layer (50 Wem) on Cz substrate, diode
processed by CiS

Irradiations
— neutrons from TRIGA 11 research reactor of JSI
— 24GeV/c protons from CERN PS
— after irradiation samples stored at T < 0°C
— annealing studies at 20°C

Irradiation 25 mMm 50 mm /5 mMm
neutrons Feq <=2-10*cm= F e <=100-10%cm= | F , <=20-10“cm=
protons F <= 13-10%cm= F .y <=63-10cm= F o =13-10%cm=
M easurements:

CV performed at n=10 kHz and 20°C - kink in 1/C? used to determine Vg,



Dependence of V5 on fluence
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* Proton irradiated samplesdo not
Invert

 What about the neutron irradiated
ones? (previously assumed they do)

> |t appearsthat neutron irradiated
samplesdo not invert !

Good reproducibility of V., for samples from different wafers
(two samples irradiated with protonsto F = 26-10' cm-)



Annealing of N4 at 20°C

Hamburg parameterization:
DNgsr= Nesto — Neg (1) = Na(F o, To1) + No(F o) + Ny(F g5 T51)
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I nitial / Stable Long term

annealing damage annealing

Same shape of annealing plots, also

i 160F-®-- ¢eq=40f:+15cm'Q(I)ejqzl()e+l4cm; at highest fluences!

E m P =§8.0e+15 cim' - <I>eq=6.de+14 cm

CL D =
. B

N, are effective acceptors
with long annealing times
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N> 00 Vg should decrease
Ny < 0: Vg should increase
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Annealing confirmsno inversion
for neutron irradiated samples

time at 20°C [h]



Annealing of N4 at 20°C (cont.)

Same annealing behaviour for samplesirradiated with neutrons and protons:
Three most irradiated samples:
*50 Mm : F o= 6.3-10" cmr# (protons) and  8-:10™cm® neutrons
*75mm: F o= 2-10" cm= (neutrons)

~ 300F

20111 E— . D=50um, B, =6.3¢+15.cm . proton irt...... .

m D=75um, <1>eq=2.06-|§15 cm %, néutorn irr. |

P
2000 2500
time at 20°C [h]

500 1000 1500

Same behaviour for
all three samples

Same behaviour for all three diodes also
confirmed with m.i.p. signal measurements
(G. Kramberger et al. @ RESMDD "04)

All three samples must have
equal sign of the space charge.



Annealing of DN 4 at 20°C: stable damage

N = Neo(1-expl[-CF ]) + 9c F o
Observations:

» Good agreement between samples of
different thickness

* |ncomplete donor removal for both 0
irradiation particles

o +D=5(J|.uin, neutron 1rr '..

irradiated samples - 8 D7, protainie. -t
_ _ GO, PIRIONIE, st B sqdimencsslpsns
* g.hegative- effective donor - 4 D=25um, proton irr. i
introduction gl el ¢ cmmd el ¢ ool
e g. smaller for neutron irradiated 1 10 10° 10 800
¢ ® [107°cm™”]
samples eq
irradiation | D [mm] | Ngg/ Ngso dc [em] c [101° cm?]
neutron 50 0.73+0.02 | (-4.8+0.4)-103 2.1 £0.1
Proton 50 0.42 + 0.07 (-18 £ 2)-103 -




Annealing of DN at 20°C: initial annealing

Parameterization: N, = g, F o, exp(-t/t,)

e Observation:
— g, appears to depend on fluence (solid line)
— Intheregion mostly studied so far (up to 101° cm2) comparable
with previous measurements in FZ material (dotted line)
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Annealing of DN at 20°C: initial annealing

Time of the minimum in DN taken
as a measure for completion of
initial annealing.

Determination unreliable, especially
for the very shallow minima.

Observations:
o t
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+in S€EMs compatible with what one expects from FZ detectors

* Thereisno difference between proton and neutron irradiated devices nor between

devices of different thickness



Annealing of DN at 20°C: long term annealing

Ny = Nyg (1-exp[-t/ty])

® D=50um, neutron irr.
B D=25um; neutron irr.
L D=T5um; neutron it
O D=50um; proton irr.
O D=25um; proton irr.
D=75um; proton irr.

After 4 months at 20°C only initial
slope could be determined:
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Observations:
* no increase of initial slope with fluence — initial part 1% order process ?
* average value of initial slope (g, /t\) = 2.4 -10%cnrih?



Annealing of leakage current at 20°C

Parametrization: a(t)= (I/V)/F o, = a,exp(-t/t)) + a, - b In(t/t,)
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a after 240h at 20°C (~ equivalent to 80 min at 60°C)

Average value:
&a(240 h, 200C)fi= (3.7 £ 0.2)-10” A/lcm

Note:

» Large spread observed between
samples

* Proton irr. samples exhibit
systematically larger values

o(t=240 h, T =20°C) [cm ]
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Annealing of leakage current at 20°C: fit parameters
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Conclusions

» Measurements of N

» Epitaxial samplesirradiated with protons and neutrons up to 10%* cm2 show
no space charge sign inversion.

o Effective stable donor introduction rate is ~ 4 times smaller for neutrons.
 Donor removal is~ 2 times more efficient for neutrons.

» Epitaxial material exhibits supreme radiation hardness for neutrons

* Measurements of leakage current
» FZ leakage current annealing model fits epitaxial data well
 Fit parameters somewhat different, but stable with fluence up to 10> cnr?

» Epitaxial diodes suitable for radiation monitoring of NIEL at LHC



