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Outline: e Material, Irradiation and M easurements
e L eakage Current, depletion voltage and trapping times
e Annealing experiments at different temperatures
e Preliminary conclusion (analysis ongoing)



RD30 Experimental procedure ‘@:Aj

Samplesand Irradiation

e MCZ silicon produced by Okmetric Oy
e 1KQcm, n-type, <100>, [O] =4.9%x10"cm3 (IR, B.Surma, ITME)

e Pad detector s produced by Helsinki I nstitute of Physics
e d~304um,A=0.25cm?, V,~310V
e Many thanksto Jaakko Haerkoenen and the HIP group

e [rradiation performed at CERN with 24 GeV/c protons
e Many thanksto Maurice Glaser and Federico Ravotti

M easur ements

e TCT, CV and |V after 4 min 80°C annealing
e CV and IV during annealing studies at different temperatures
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e Same depletion voltage for all samples beforeirradiation (30915 V)
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RD50 MCZ — L eakage current ‘@:Aj
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e |_eakage Current : Asfor DOFZ, FZ (and EPI)
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RD50 MCZ - Inversetrapping time

0.25/—

£ oof _
: et €lectrons @ holes
< 0.16F 0.21—
o.14f— ; i
0.12F = o1
0af- =
- ®
0.08F 4= 0.1-
0.06F- ; -
0.04F- 005 W
o.ozi' 1 L
N S T R R R R R I T R R R TR -
Phi o [10 ¢m 7] phleq [1013cm-2]
e Measured after 4 min at 80°C 1
e Detailswere given on the 5th RD50 T = Pen@e
Workshop in Florence by A. G. Bates e
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RD50 MCZ —Trapping
Trapping parameter B at 5°C B, B,
[10'16 cm?/ns] [10'16 cm?/ns]
FZ (f2) 5.59 + 0.29 7.16 + 0.32
DOFZ (d1) 5.73+0.29 6.88 + 0.34
M Cz (n320) 5.81 + 0.32 7.78 + 0.39
DOFZ (W317) 5.48 + 0.22 6.02 + 0.29
Dortmund [2] 5.08+0.16 490+ 0.16
DOFZ
Ljubljana[3] 5.34+0.19 7.08+0.18
DOFZ and FZ
L ancaster/Hamburg [4] FZ 5.32+0.30 6.81 + 0.29
Hamburg [5] 5.07 + 0.16 6.20 + 0.54
FZ, DOFZ and MCz

e Trapping parameter 3 after 23 GeV proton irradiation normalized to 5 °C
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RD50 Annealing of Trapping parameters I@v

e Annealing of  at 80°C 1
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e Same behavior aspreviously observed for FZ silicon
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RDS0  Depletion Voltage (4 min 80°C)

300 . . —
f 14
250¢ I —
L 1 0 300 -
200! 13 § | Eig
S T = I B
5 150} . 1. g =2
= y S DR = £3
> i R %Wf 12— £ 1507 %
100F Tk 1 100 -
: T ] o
[ . MCZ (n320) - Vi4 from IV 11 2 50|  AV_dep(Qve)  ©V_dep(QVvh)
S0F o MCZ(n320)-Vigfromcv ] 0
E [M.Moll, A.GBates, to be published in NIMA] | 1.0E+13 1.0E+14 1.0E+15
1053 - |5 ' '1614 - é ' 24 GeV/c Proton Fluence [p/cm?]

-2
(I)24 GeV/c protons [ cm ]

e Question: Isthe material typeinverted ?
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RD50
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e Detector isnot “typeinverted” after 5.1x10 p/cm?
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RD50 A summer student project ‘@:Aj

e Annealing at various temperatures (50 — 100°C)
e M easurement of full depletion voltage via CV measurements
e Aim:

e Seeif material hasundergone“typeinversion”
e Determine activation energy for thereverse annealing
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RD3S0 Long Term Annealing - V4, ‘@:Aj

300¢ = MCZ (n320-47) - 60°C -

: s+ MCZ (n320-37) - 80°C

_ 250f _
>, 2

< 200f ‘\ _

150— 171013 plcmz A_A 7777777 _

100 et v it bt [|v||\|/|o||]

5100 510° 510° 510* 510°

time [min]

e Twolongterm annealing steps observed in MCZ silicon
e Second step: Adds negative space charge as*“ rever se annealing”
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RD50

Vi [V]

300

250
200

150!
100

S0 o MCZ (n320-38) - 100°C

O T BT BRI BRI R .
10° 10t 100 10° 10°

Long Term Annealing - V4,

@]

e Measurement for different fluences and temperatures
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e Second component: Can not befitted with exponential function.
e No saturation observed (heated up to 10 daysat 100°C)
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RD3S0 Long Term Annealing - V4, ‘@:Aj
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e Typeinversion during annealing
e Fittothedataimpossible
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RD50 .... Seen beforein EPI Silicon

Parameterization of Annealing Results

Change of effective “doping* concentration: AN ;= Ny — N ¢ (D,t(T))
Standard parameterization: AN ;= N ,(®,t(T)) + N (D) + Ny(D,t(T))

" Annealing components:

Short term annealing = N, (®,t(T))
Stable damage = N (D)

Long term (reverse) annealing:
Two components:

0.0: ' l : 2 Ny (D,t(T)), first order process

10° 10! 10° 10° 10* 10°
Annealing time [min] K4 NYJ(CD’t(T)) ,second order process

E. Fretwurst, Univ. Hamburg, RD50 workshop, Helsinki, June 2005
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RD50 Epitaxial silicon )

e E.Fretwurst (RD50 Workshop in Helsinki, June 2005)
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e Timeconstantsfor the two components
e First component: time constant independent of fluence
e Second component: time constant depending on fluence
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RD50 Arrhenius Plot

100°C 80°C 60°C 40°C 20°C

20 ! g
|4 FZ-[M.Moll 1999] e
| m EPI - [E.Fretwurst 2005] ral
. e MCZ - preliminary g
15F
~~ i
2
| I i
= !
N’ 10 B ///
- : i
— L First component (Ty)
: — Ex=1336V,ky=1.010s! |
5 ——— Ep=104eV,ky=1610"st
I | | IM.Moll 1
2.6 2.8 32 34

UT [ 103 K'Y
e Reverseannealing (1% component) faster for MCZ than for FZ/EPI ?
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RD50 Conclusion ‘@:Aj

24 GeV/c proton irradiated n-type MCZ
detector s have been investigated:

e Same leakage current increase as other silicon materials

e Same electron/holetrapping asfor other silicon materials
(including an annealing study at 80°C)

e Detector has not undergone “typeinversion” up to 5x10* p/cm?
=» Reverse annealing is a beneficial effect (V4 becoming lesswith time)

e Rever se annealing shows two annealing stages
(like previoudy observed in EPI silicon)

e Unlikein EPI silicon no saturation of the 2"d stage obser ved
(heated up to 10 daysat 100°C)

e Preliminary resultsindicate that thefirst stage of the rever se annealing
(“standard reverse annealing”) occursfaster than in standard FZ silicon
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